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Appendix A presents additional groundwater data and analysis in support of Chapter 3 of this 2002 Site 
Environmental Report. This appendix consists of five attachments as follows: 

0 Attachment A. 1 provides operational data for the South Field Extraction (Phase I) Module, the 
South Plume Module, and the Re-Injection Module for 2002. 

0 Attachment A.2 provides total uranium data, including summary statistics, and plume maps for 
the first and second half of 2002. The summary statistics and Mann-Kendall test for trend are 
based on unfiltered samples from the Operable Unit 5 remedial investigatiodfeasibility study data 
set (1988 through 1993) and 1994 through 2002 groundwater data (filtered and unfiltered for 
200 1 and 2002), except for the extraction wells in the newer modules, whose statistics and trends 
are based on 1998 through 2002 data. 

0 Attachment A.3 evaluates the capture zone of the Aquifer Restoration System by analyzing 
groundwater flow directions based on groundwater elevation data. It includes groundwater 
elevation maps from all four quarters of 2002 and hydrographs for specific wells. 

0 Attachment A.4 provides an analysis of the 2002 non-uranium final remediation level 
(FRL) exceedances both inside and outside the 10-year, uranium-based restoration footprint. 

Attachment A S  presents 2002 leak detection and leachate monitoring results associated with the 
On-Site Disposal Facility Monitoring Program. 

0 
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ATTACEIMENT A.l 

In 2002 the South Field Extraction (Phase I), South Plume, and Re-Injection Modules continued to 
operate, and the Waste Storage Area (Phase r) Module began to operate. Figure A. 1-1 depicts the 
location of extraction and re-injection wells and identifies surrounding monitoring wells. Table A. 1-1 
provides a summary of gallons pumped, total uranium removed and uranium removal indices for 2002 
and for August 1993 through December 2002. 

At the end of 2002, the South Field Extraction (Phase I) Module included nine active extraction wells, 
and four inactive extraction wells. The nine active extraction wells are Extraction Wells 3 1550 (EW-18), 

32447 (EW-23), and 33061 (EW-25). The four inactive extraction wells are Extraction Wells 31564 
(EW-14), inactive since December 19,2001; 31565 (EW-13), inactive since May 22,2001; 31566 
(EW-15), inactive since August 7, 1998; and 31563 (EW-16), inactive since December 9,2002 to 
facilitate conversion to a re-injection well as part of the South Field Phase II Project. These extraction 
wells are located near the southern waste unit excavations and the Storm Sewer Outfall Ditch in the 
South Field area of the Fernald site, from Paddys Run to just west of the site's South Access Road. In 
May of 2002 a design for the South Field (Phase II) Module was issued (DOE 2002a). The design calls 
for four new extraction wells (33262,33264,33265, and 33266) and one new re-injection well (33263). 
These new wells were installed in 2002 and are scheduled to come on-line in 2003. In addition, the 
design calls for converting Extraction Well 3 1563 into a re-injection well. This conversion is scheduled 
for completion in 2003. 

31560 (EW-19), 31561 (EW-20), 31562 (EW-21), 31567 (EW-17), 32276 (EW-22), 32446 (EW-24), 

a 

The South Plume Module is comprised of Extraction Wells 3924 (RW-l), 3925 (RW-2), 3926 (RW-3), 
3927 (RWA), 32308 (RW-6), and 32309 (RW-7). Extraction Wells 32308 (RW-6) and 32309 (RW-7) 
were previously part of the South Plume Optimization Module. These wells are located south of 
Willey Road and north of New Haven Road. 

Pumping began in the Waste Storage Area (Phase I) Module on May 8,2002, via three new extraction 
wells: 32761 (EW-26), 33062 (EW-27), and 33063 (EW-28). 

At the end of 2002, the Re-Injection Module included Re-Injection Wells 33253 (IW-8a), 33254 (IW-ga), 
22109 (IW-lo), 33255 (IW-loa), 221 11 (W-12), and 22240 (IW-11). These wells stretch along the 
southern border of the Femald site, just north of Willey Road between Paddys Run and the site's South 
Access Road. During 2002 Re-Injection Wells 22107 (IW-8) and 22108 (IW-9) were abandoned and two 
replacement wells (lW-8a and W-9a) were installed. These two replacement wells were operated briefly 
in November of 2002 but then were shut down for the rest of the year because the Expansion System 
discharge was greater than 10 micrograms per liter (pg/L) uranium. 

IEMP-AN?A2~DAPPENDDMPP-A!AI.DOCMay22,2M)3 1025AM A.1-1 



I 

FEMP-SER-02-FINAL 
Appendix A, Att. 1, Revision 0 

May 2003 

4 8 8 0  
Additional information on each module is provided below. 

South Field Extraction (Phase Il Module 
The target combined pumping rate for the on-line South Field Extraction (Phase I) Module wells was 
2,140 gallons per minute (gpm) in 2002. In December this rate dropped to 1,940 gpm because 
Extraction Well 3 1563 was shut down permanently to convert it to a re-injection well. Tables A.1-2 
through A.1-11 provide individual extraction well performance data for the South Field Extraction 
(Phase I) Module wells that were operational in 2002. The footnotes explain individual extraction well 
outages of greater than 24 hours. 

During 2002, 1.037 billion gallons (3.925 billion liters [L]) of groundwater were pumped by the active 
extraction wells in the South Field Extraction (Phase I) Module resulting in the removal of 634.41 
pounds (228.02 kilograms [kg]) of uranium from the Great Miami Aquifer. The Baseline Remedial 
Strategy Report, Remedial Design for Aquifer Restoration (Task 1) (DOE 1997a) estimated that 0.7884 
billion gallons (2.984 billion L) of water and 771.4 pounds (350 kg) of uranium would be removed by the 
South Field Extraction (Phase I) Module in 2002. The gallons pumped in 2002 (1.037 billion [3.925 
billion L]) were 1.32 times the design-specified amount of 0.7884 billion (2.984 billion L) and the 
pounds of uranium removed from the aquifer (634.41 [288.02 kg]) were 82.2 percent of the 
design-predicted amount of 771.4 (350.2 kg). 

A new extraction well (33061, EW-25) began pumping in the South Field on May 7,2002. The initial 

start-up pumping uranium concentration for this well was 8 1 p a .  

South Plume Module 

The target combined pumping rate for the South Plume Module wells was 2,000 gpm in 2002. 

Tables A. 1-1 2 through A. 1 - 17 provide individual extraction well performance data for the South Plume 

Module. The footnotes explain individual extraction well outages of greater than 24 hours. 

During 2002,923.893 million gallons (3,496.94 million L) of groundwater were pumped by the six wells 

in the South Plume Module resulting in the removal of 240.79 pounds (109.32 kg) of uranium from the 

Great Miami Aquifer. The Baseline Remedial Strategy Report estimated that 998.64 million gallons 

(3,779.85 million L) of water and 150.5 pounds (68.3 kg) of uranium would be removed by the 

South Plume Module in 2002. The gallons pumped in 2002 (923.893 million [3,496.94 million L]) were 

92.5 percent of the design-specified amount of 998.64 million (3,779.85 million L) and the pounds of 

uranium removed from the aquifer (240.79 [109.32 kg]) were 1.60 times the design-predicted amount of 

150.5 pounds (68.3 kg). 
IEMP-ANNU002UPPENDWP-AMI.LMXMay ‘22,2003 1 0 3  AM A. 1-2 
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During 2002, the South Plume Module continued to meet the primary objectives of: 4 8 8 0  

Preventing further southward movement of the total uranium plume while capturing the main 
lobe of the South Plume without adversely affecting the Paddys Run Road Site (PRRS) plume 
(Extraction Wells 3924 mW-l],3925 [RW-2],3926 BW-31, and 3927 rRW-41). ... 

0 Actively remediating the higher-concentration region of the off-property plume (Extraction 
Wells 32308 mW-61 and 32309 [RW-71). 

Attachment A.3 presents additional details concerning the capture zone, along with supporting data. In 

2002, as in previous years, PRRS constituents of concern (arsenic, phosphorus, potassium, sodium, and 

volatile organic compounds) were monitored at 1 1 monitoring well locations immediately south of the 

South Plume Module to ensure that the operation of the system does not adversely impact the 

PRRS plume. The 11 wells monitored were 2128,2625,2636,2898,2899,2900,3 128,3636,3898, 

3899, and 3900 (refer to Figure A.1-1). 

Consistent with previous reporting, the Mann-Kendall test for trend was run on PRRS data collected 

from these wells. As indicated in Table A. 1-1 8, three wells monitored for PRRS constituents of concern 

had an “up, significant” trend for two constituents based on the Mann-Kendall test for trend: 0 
0 As in 2001, Monitoring Wells 2898, and 2899 had “up, significant” trends for potassium. 

Potassium concentration versus time plots for these wells are shown on Figures A.1-2 and A.1-3, 
respectively. As reported in attachment A.3, the groundwater flow direction was from the 
northeast to southwest at Monitoring Wells 2898 and 2899. This indicates that the increasing 
potassium concentrations at these two locations were moving toward the PRRS plume, not away 
from it. 

0 During 2002, as in 2001, Monitoring Well 3898 had an “up, significant” trend for sodium. 
Figure A.1-4 shows the sodium concentration versus time plot for Monitoring Well 3898. As 
indicated above for Monitoring Well 2898, based on the groundwater flow directions derived 
from the quarterly water level maps, the increasing sodium concentration is moving toward the 
PRRS plume and away from the South Plume Module wells. 

The monitoring activity for PRRS constituents of concern also included sampling for volatile organic 

compounds. These compounds are monitored because they were present in the PRRS plume, which is 

not of Fernald origin (ERM Midwest Inc. 1994). No volatile organic compounds were detected in 2002. 

A. 1-3 
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Waste Storage Area Module 

The Waste Storage Area Module became operational on May 8,2002. The module consists of 
.J *. * 

three extraction wells, 32761 (EW-26), 33062 (EW-27), and 33063 (EW-28). The target combined 

pumping rate in 2002 was 1000 gpm. Tables A. 1-1 9 through A. 1-2 1 provide individual extraction well 

performance data for the Waste Storage Area Module wells. 

From May to the end of 2002,326.04 million gallons (1,234.06 million L) of groundwater were pumped 

from these three wells resulting in the removal of 361.35 pounds (164.05 kg) of uranium from the Great 

Miami Aquifer. The system design for the Waste Storage Area Module is presented in the Design for 

Remediation of the Great Miami Aquifer in the Waste Storage Area and Plant 6 Areas (DOE 2001a). 

Subsequent to the issue of the Waste Storage Area Design, higher uranium concentrations were measured 

in the area of the pumping wells. The higher concentrations were loaded into the groundwater model, 

and the model was re-run in support of the Design for Remediation of the Great Miami Aquifer, South 

Field (Phase XI) Module (DOE 2002a). Performance measures posted for the Waste Storage Area 

Module in the South Field Design Report predicted that the three Waste Storage Area Wells would 

remove 278.7 pounds (126.53 kg) of uranium in 2002. Actual removal was approximately 130 percent of 

the predicted removal. 

Re-Iniection Module 

During 2002,240.636 million gallons (910.807 million L) of groundwater containing 11.34 pounds 

(5.15 kg) of uranium were re-injected into the Great Miami Aquifer. The Baseline Remedial Strategy 

estimated that 525.6 million gallons (1,989.4 million L) of water containing 21.9 pounds (9.9 kg) of 

uranium would be re-injected by the Re-Injection Module in 2002. The 240.636 million gallons 

(910.807 million L) of re-injected water (also called injectate) were 45.8 percent of the design-specified 

amount of 525.6 million (1,989.4 million L). The gallons re-injected were less than planned because all 

or portions of the Re-Injection Module was shut down at various times of the year for reasons discussed 

below. The 1 1.34 pounds (5.15 kg) of uranium re-injected into the aquifer were 5 1.8 percent of the 

design specified amount of 21.9 pounds (9.9 kg). The decrease in the volume of injectate was due to 

two wells being down for most of the year, and system shutdowns to facilitate treatment plant resin 

regeneration. The two wells that were shut down were replaced with two new wells. These two new 

wells became operational in November of 2002. In situ water quality parameters (temperature, specific 

conductance, pH, and Eh) were measured quarterly around each re-injection well. No apparent change in 

the water quality measurements was observed. 0 
080014 
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An operational criterion for the Re-Injection Module is to only inject treated groundwater that has a total 

uranium concentration less than 20 p a .  Figure A. 1-5 illustrates the total uranium concentrations in the 

injectate for 2002. As noted in the figure, total uranium injectate concentrations generally trend upward 

as uranium loading occurs on the resins in the treatment vessels. After the resin is regenerated, the total 

uranium concentration decreases and the process of increasing concentration begins again. As noted in 

the figure, the re-injection system was shut down at various times in 2002 to achieve uranium 

concentration discharge limits at the Parshall Flume, facilitate maintenance of the re-injection system, 

install replacement re-injection wells, or because the Expansion System discharge was greater then 

@ 

10 Pa. 

Tables A.l-22 through A.l-28 contain well performance data for individual re-injection wells. The 

footnotes explain individual re-injection well outages of greater than 24 hours. The target re-injection 

rate for this module, as specified in the Baseline Remedial Strategy Report, is 1,000 gpm (3,785 liters per 

minute [Lpm]). This target re-injection rate was not achieved in 2002 due to: 

0 Increased plugging of the re-injection wells; Re-Injection Well 8 was down the entire year and 
Re-Injection Well 9 was only operational in January and February. 

0 Miscellaneous maintenance problems. 

0 System shut-downs to facilitate resin regeneration. 

0 System shut-downs to achieve discharge uranium concentration limits at the Parshall Flume. 

Shutdowns to facilitate resin regeneration and miscellaneous maintenance problems are to be expected 

and are considered routine aspects of the re-injection process. Given that these activities are expected, it 

is impossible to achieve a non-stop, 1,000-gpm re-injection rate given the current system. However, 

when the wells are all operating, this is the operational rate that is targeted. 

Total Uranium Data 
An Explanation of Significant Differences (ESD) pertaining to the site groundwater remedy was 
approved by the US. Environmental Protection Agency (EPA) on November 30,2001. The ESD 
amended the Operable Unit 5 Record of Decision by adopting the Safe Drinking Water Act Maximum 
Contaminant Level for uranium (30 pgL) as both the FRL for groundwater restoration and the uranium 
effluent discharge limit to the Great Miami River. 0 

A.l-5 
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Figures A. 1-6 through A. 1-24 depict the total uranium concentration data for each of the extraction wells 

comprising the South Field (Phase I), South Plume Extraction, and Waste Storage Area Modules since 

start-up through the end of December 2002. 

-~ 

A.1-6 

Extraction well total uranium concentrations are measured in process control samples that are collected 
weekly. The weekly total uranium concentrations are used to graphically track the concentrations over 
time and to support the statistical trend analysis presented in Attachment A.2. The total uranium 
concentrations are also used to determine which wells’ water needs to be sent to treatment and which 
wells’ water can be bypassed around the treatment facilities. Figure A. 1-25 is a graph of the monthly 
gallons of groundwater extracted versus the monthly gallons of groundwater treated for 2002. 

Pumting Rates 
Daily pumping rate data for each extraction well were presented on the Integrated Environmental 
Monitoring Plan (IEMP) Data Information Site (Le., the Extranet); therefore, those data have not been 
repeated here. The footnotes in the well-specific operational tables explain individual well outages of 
greater than 24 hours. 

As shown in Table A. 1-29, in 2002 the modules were operated at target pumping rates that did not 
radically differ fiom those established in the Baseline Remedial Strategy Report. As additional 
operational experience is gained, pumping rate changes may occur as efforts to maximize the 
effectiveness of each module are made. 
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TABLE A.l-1 

AQUIFER RESTORATION SYSTEM OPERATIONAL SUMMARY SHEET 

Reporting Period 
January 2002 through December 2002 
Gallons Total Gallons Total Uranium 
Pumped/ Uranium uranium Pumped Removed/ Uranium 

Re-Injected Removal Index Re-injected Re-Injected Removal Index 
(M gal)' Re-InJected (lbs/M gal)b (M gal) (lbs) (lbs/M gal)b 

August 1993 through December 2002 

South Field Extraction 
(Phase I) Module 1,037.073 634.4 10 0.61 4,144.41 9 2,570.24 0.62 

Waste Storage Area 
Module 326.04 361.35 1 . 1 1  326.04 361.35 1 . 1 1  

South Plume Module 923.893 240.790 0.26 7,34 1.94 1,570.27 0.2 1 

Re-Iniection Module 240.636 1 1.34 NA 1.247.064 53.95 NA 

Aquifer Restoration 
Systems Totals 

Extraction Wells 2,287.006 1,236.550 0.54 11,812.399 4,501.860 0.38 

(Re-Injection Wells) (240.636) (1 1.34) - NA (1.247.399) (53.95) - NA 

net 2,046.370 1,225.210 NA 10,565.000 4,447.910 NA 

'million gallons 
%A = not applicable 

A. 1-7 
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TABLE A.l-2 

EXTRACTION WELL 31550 (EW-18) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 572.1 1 (top of well) 
Northing Coordinate ('83) - 477,018.5 
Easting Coordinate ('83) - 1,348,979.8 

Hours in reporting period - 8762.6 
Hours not pumped - 280 

Hours pumped - 8462.6 
Operational percent - 96.58 

Monthly Measurements at Wellfield 

Target pumping rate -100 gpm 

Uranium Removal Index 
Monthly Average Monthly Average Total (Pounds of Total Uranium 

Pumping Rate Million Gallons Uranium Concentration Removedl Million Gallons 
Month (gpm) Pumped (Pgf-L) Pumped) 
1/02 111 4.945 43.1 0.36 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 
10102 
11/02 
12/02 

110 
110 
1 88' 
147 
107 
94 

111 
107 
104 
71b 
- 109 

4.426 
4.921 
8.128 
6.545 
4.637 
4.203 
4.963 
4.796 
4.659 
3.160 
4.850 

43.3 
49.8 
51.9 
58.8 
59.5 
55.7 
54.1 
46.2 
42.7 
38.7 
- 39.4 

0.36 
0.42 
0.43 
0.49 
0.50 
0.46 
0.45 
0.39 
0.36 
0.32 
- 0.32 

Average 114 Total 60.233 Average 48.6 Average 0.41 

'Set point increased from 100 to 300 from April 22 to May 1,2002. 
bShut down on November 22 and remained down for the rest of the month to meet discharge limits at the 
Parshall Flume. 

A. 1-8 000818 
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TABLE A.1-3 

EXTRACTION WELL 31560 (EW-19) 
OPERATIONAL SUMMARY SHEET FOR 2002 

4 8 8 0  

Reference Elevation (feet AMSL) - 574.93 (top of well) 
Northing Coordinate (‘83) - 477,403.1 
Easting Coordinate (‘83) - 1,349,028.9 

Hours in reporting period - 8762.6 
Hours not pumped - 1080 

Hours pumped - 7682.6 
Operational percent - 87.67 

Monthlv Measurements at Wellfield 

Target pumping rate - 100 gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium 

Month (gpm) Pumped (Pg/L) Removed Million Gallons Pump ed) 
1 102 111 4.946 50.1 0.42 
2/02 110 4.436 48.2 0.40 
3/02 80 3.574 50.4 0.42 
4/02 5a 0.219 NS - 0  
5/02 138 6.145 54 0.45 
6/02 108 4.677 54.2 0.45 
7/02 93 4.171 53.9 0.45 
8/02 109 4.866 54.9 0.46 
9/02 107 4.778 52.7 0.44 

&Ib 2.877 49.4 0.4 1 
104 4.644 48.3 0.40 
- 111 4.956 - 48.6 - 0.4 1 

e ;E 
12/02 

Average 95 Total 5.29 Average 51.3 Average 0.43 

Well  shut down in April to facilitate maintenance. 
w e l l  shut down in October from October 9 to October 22,2002 to replace the motor and perform maintenance. 

000019 
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TABLE A.1-4 

EXTRACTION WELL 31561 (EW-20) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 578.77 (top of well) 
Northing Coordinate ('83) - 477,660.8 
Easting Coordinate ('83) - 1,349,254.5 

Hours in reporting period - 8762.6 
Hours not pumped - 984 

Hours pumped - 7808.6 
Operational percent - 89.11 

Target pumping rate -100 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 
Month (gpm) Pumped ( P i a )  Million Gallons Pumped) 
1 102 91 4.053 52.3 0.44 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
810 1 
9/02 
10102 
1 1/02 
12/02 

110 
109 
35" 
8gb 

107 
93 

109 
106 
98 
49= 
- 109 

4.427 
4.871 
1.494 
3.985 
4.636 
4.146 
4.871 
4.743 
4.396 
2.190 
4.878 

49.1 
46.4 
44.8 
48.1 
48.0 
43.0 
48.0 
49.4 
47.7 
49.9 
- 46.4 

0.41 
0.39 
0.37 
0.40 
0.40 
0.36 
0.40 
0.4 1 
0.40 
0.42 
0.39 

Average 92.1 Total 48.690 Average 47.8 Average 0.40 

"Well shut down from April 11 to May 2,2002 for maintenance. 
%ell shut down from May 4 to May 5,2002 for maintenance. 
Well  shut down on November 22,2002 and remained down for the rest of the month to meet discharge limits at the 
Parshall Flume. 
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TABLE A.1-5 

EXTRACTION WELL 31562 (EW-21) 
OPERATIONAL SUMMARY SHEET FOR 2002 

4 8 8 0  

Reference Elevation (feet AMSL) - 576.21 (top of well) 
Northing Coordinate (‘83) - 477,953.1 
Easting Coordinate (‘83) - 1,349,499.9 

Hours in reporting period - 8762.6 
Hours not pumped - 144 

Hours pumped - 8618.6 
Operational percent - 98.36 

Target pumping rate -290 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Month 
1 102 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 

Pumping Rate 
(gpm) 
287 
277 
280 
240 
260 
254 
203 
223 

9/02 201 
167 
213 

Million Gallons 
Pumped 

12.814 
11.153 
12.492 
10.35 1 
1 1.586 
10.982 
9.074 
9.969 
8.970 
7.456 
9.500 

Uranium Concentration 

84.2 
84.9 
82.6 
79.7 
84.4 
94.6 
81.2 
77.5 
70.0 
68.4 
63.6 

A 
(Pounds of Total Uranium Removed 

Million Gallons Pumped) 
0.70 
0.71 
0.69 
0.67 
0.70 
0.79 
0.68 
0.65 
0.58 
0.57 
0.53 

12/02 - 204 9.103 62.3 - 0.52 

Average 234 Total 123.45 Average 77.8 Average 0.65 
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TABLE A.1-6 4 8 8 0  
EXTRACTION WELL 31563 (JEW-16) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 544.36 (top of well) 
Northing Coordinate (‘83) - 477,066.4 
Easting Coordinate (‘83) - 1,348,330 

Hours in reporting period - 8776.2 
Hours not pumped - 640 

Hours pumped - 8136.2 
Operational percent - 92.7 1 

Target pumping rate -200 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed - -  
Month (gpm) Pumped (Pa) Million Gallons Pumped)a 
1/02 215 9.867 22.3 0.19 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 
10102 
11/02 
12/02 

219 
214 
204 
213 
218 
179 
212 
212 
209 
212 
- 58b 

8.822 
9.928 
8.808 
9.821 
9.418 
8.303 
9.791 
9.482 
9.650 
0.000 
2.603 

22.7 
22.1 
22.5 
25.8 
26.3 
22.5 
20.2 
18.4 
16.7 
15.6 
15.6 

0.19 
0.18 
0.19 
0.21 
0.22 
0.19 
0.17 
0.15 
0.14 
NA 
- 0.13 

Average 197 Total 96.493 Average 20.9 Average 0.18 

%A = not applicable 
bExtraction well shut down permanently on December 9,2002 in order to convert it into a re-injection well. 

0000232 
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TABLE A.l-7 4 8 8 0  
EXTRACTION WELL 31567 (EW-17) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 574.84 (top of well) 
Northing Coordinate (‘83) - 477,905.5 
Easting Coordinate (‘83) - 1,348,854.1 

Hours in reporting period - 870 1.4 
Hours not pumped - 48 

Hours pumped - 8605.7 
Operational percent - 98.90 

Monthly Measurements at Wellfield 

Target pumping rate -250 gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
plmsling Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

I -  

Month (gpm) Pumped ( P a l a  Million Gallons Pump ed) 
1/02 277 12.381 26.4 0.22 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 * :E 
12/02 

277 
279 
267 

235 
233 
273 
264 
245 
172‘ 
- 253 

Ob 

11.180 
12.440 
1 1.549 

0 
10.141 
10.410 
12.190 
1 1 .806 
10.942 
7.682 

11.305 

27.0 
28.2 
28.8 
NA 
34.0 
32.3 
23.8 
30.3 
29.0 
29.0 
28.7 

Average 231 Total 122.02 Average 26.5 

0.23 
0.24 
0.24 

0 
0.28 
0.27 
0.20 
0.25 
0.24 
0.24 
- 0.24 

Average 0.22 

%A = not applicable 
%ell shut down in May for re-habilitation. 
Well shut down fkom November 22 to December 2,2002 to meet uranium concentration discharge limits at the 
Parshall Flume. 

A.l-13 
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: ’ .. 
‘ . J  , TABLE A.l-8 * 4880 

EXTRACTION WELL 32276 (EW-22) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 567.14 (top of well) 
Northing Coordinate (‘83) - 476,447.3 
Easting Coordinate (‘83) - 1,348,857.3 

Hours in reporting period - 8762.7 
Hours not pumped - 184 

Hours pumped - 8578.7 
Operational percent - 97.90 

Target pumping rate -300 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 
Month (gpm) Pumped (Pg/L) Million Gallons Pumped) 
1 102 332 14.800 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 
10102 
11/02 
12/02 

332 
332 
329 
303 
321 
278 
232 
315 
265 
310 
- 33 1 

Average 307 

13.373 
14.842 
14.193 
13.533 
13.878 
12.416 
10.348 
14.071 
11.848 
13.827 
14.763 

Total 161.89 

120.4 
121.7 
117.2 
116.5 
122.2 
123.0 
108.2 
80.1 

102.8 
99.6 
96.4 

90.0 

Average 108.18 

0.84 
1.02 
0.99 
0.97 
1.02 
1.03 
0.90 
0.67 
0.86 
0.83 
0.80 
- 0.75 

Average 0.89 

000024 
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TABLE A.l-9 4 8 8 0  
EXTRACTION WELL 32446 (EW-24) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 578.367 (top of well) 
Northing Coordinate (‘83) - 476,634.53 
Easting Coordinate (‘83) - 1,349,312.38 

Hours in reporting period - 8762.6 
Hours not pumped - 176 

Hours pumped - 8586.6 
Operational percent - 97.99 

Monthly Measurements at Wellfield 

Target pumping rate -200 gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

Month (gpm) Pumped (Pa) Million Gallons Pumped) 
1 102 201 8.978 69.0 0.58 
2/02 200 8.066 69.1 
3/02 199 8.902 69.6 
4/02 213 9.211 67.9 
5/02 220 9.806 75.3 
6/02 173 7.472 72.3 
7/02 169 7.562 63.0 
8/02 200 8.911 65.9 
9/02 199 
1 0102 193 
11/02 160 

8.872 
8.598 
7.143 

63.2 
59.7 
60.1 

0.58 
0.58 
0.57 
0.63 
0.60 
0.53 
0.55 
0.53 
0.50 
0.50 

12/02 - 199 8.888 - 61 .O - 0.5 1 

Average 194 Total 102.41 Average 63.34 Average 0.56 
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TABLE A.l-10 . :  e. ' . .  . 
4880 

EXTRACTION WELL 33061 (EW-25) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 575.56 (top of well) 
Northing Coordinate ('83) - 478318.82 
Easting Coordinate ('83) - 134953 1.03 

Hours in reporting period - 6415.9 
Hours not pumped - 248 

Hours pumped - 6 167.9 
Operational percent - 96.13 

Monthly Measurements at Wellfield 

Target pumping rate -300 gpm 

Monthly Average Monthly Average Total Uranium Removal Index 

Month (gprn)" Pumpeda Million Gallons hunp ed)' 
1 102 NA NA NA NA 
2/02 NA NA NA NA 
3/02 NA NA NA NA 
4/02 NA NA NA NA 
5/02 237b 10.564 78.1 0.65 
6/02 300 12.943 68.6 0.57 
7/02 188 8.396 58.6 0.49 
8/02 300 13.392 58.1 0.48 
9/02 290 12.939 50.8 0.42 
10102 286 12.787 48.1 0.40 
11/02 193' 8.596 48.0 0.40 
12/02 - 276 12.317 49.5 - 0.4 1 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

Average 259 Total 91.934 Average 57.5 Average 0.48 

DNA = not applicable 
w e l l  placed in service on May 7,2003. 
'Well shut down fiom November 22 to December 1 , 2002 to meet uranium discharge limits at the Parshall Flume. 

A.l-16 
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TABLE A.1-11 4 8 8 0  
EXTRACTION WELL 32447 (EW-23) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 574.528 (top of well) 
Northing Coordinate (‘83) - 477,150.24 
Easting Coordinate (‘83) - 1,349,421.19 

Hours in reporting period - 8762.7 
Hours not pumped - 838.97 

Hours pumped - 8670.7 
Operational percent - 98.95 

Target pumping rate -300 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

m i n g  Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed - -  
Month (gpm) Pumped (Pa) Million Gallons Pump ed) 
1 102 293 13.073 155.4 1.30 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 

12/02 

288 
289 
237 
287 
273 
239 
277 
26 1 
249 
273 
- 27 1 

1 1.622 
12.898 
10.256 
12.798 
1 1.773 
10.661 
12.345 
1 1.633 
11.113 
12.170 
12.080 

157.3 
147.9 
138.6 
141.7 
143.9 
143.6 
152.8 
149.1 
146.6 
150.4 
141.4 

1.31 
1.23 
1.16 
1.18 
1.20 
1.20 
1.28 
1.24 
1.22 
1.26 
- 1.18 

Average 270 Total 142.422 Average 147.4 Average 1.23 

IEMp-ANNUOO2WPENDDMPP-AMl.~ 22,2003 10.25 Ah4 
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TABLE A.1-12 A 8 8 0  
EXTRACTION WELL 3924 (RW-1) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 533.51 (top of well) 
Northing Coordinate (‘83) - 474,219.7 
Easting Coordinate (‘83) - 1,348,314.3 

Hours in reporting period - 8759.9 
Hours not pumped - 144 

Hours pumped - 8615.9 
Operational percent - 98.36 

Monthly Measurements at Wewield 

Target pumping rate -300 gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

Month (gpm) Pumped (Pg/L) Million Gallons Pump ed) 
1/02 280 12.512 29.7 0.25 
2/02 300 
3/02 306 
4/02 284 
5/02 300 
6/02 30 1 
7/02 256 
8/02 295 
9/02 292 
10102 293 
1 1/02 285 
12/02 - 300 

Average 291 

12.085 
13.642 
12.262 
13.383 
13.023 
11.41 1 
13.156 
13.046 
13.060 
12.709 
13.410 

Total 153.699 

29.7 
28.0 
28.0 
29.5 
26.1 
26.5 
27.3 
25.7 
28.3 
29.4 
- 30.1 

Average 28.2 

0.25 
0.23 
0.23 
0.25 
0.22 
0.22 
0.22 
0.2 1 
0.24 
0.25 
- 0.25 

Average 0.24 
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TABLE A.1-13 

EXTRACTION WELL 3925 (RW-2) 
OPERATIONAL SUMMARY SHEET FOR 2002 

4 8 8 0  

Reference Elevation (feet AMSL) - 542.01 (top of well) 
Northing Coordinate (‘83) - 474,3 19.7 
Easting Coordinate (‘83) - 1,348,565.4 

Hours in reporting period - 87 10.6 
Hours not pumped - 497.7 

Hours pumped - 8213.2 
Operational percent - 94.29 

Target pumping rate -300 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 
Month (gpm) Pumped (WL) Million Gallons Pump ed) 
1/02 279 12.444 28.1 0.23 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 

298 
275 
209 
270 
248 
190 
157a 
289 
29 1 
284 
- 305 

12.028 
12.254 
9.042 

12.069 
10.73 1 
8.491 
7.016 

12.885 
12.990 
12.685 
13.640 

28.8 
27.1 
25.1 
25.7 
25.2 
25.5 
12.9 
24.5 
25.1 
24.2 
- 23.4 

0.24 
0.27 
0.21 
0.2 1 
0.2 1 
0.2 1 
0.1 1 
0.20 
0.2 1 
0.20 
- 0.20 

Average 258 Total 136.275 Average 24.6 Average 0.21 

Well  shut down from August 12 to August 22,2002 to replace pumplmotor assembly. 

A.1-19 
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': I..' 
TABLE A.l-14 4 8 8 0  

EXTRACTION WELL 3926 (RW-3) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 586.73 (top of well) 
Northing Coordinate ('83) - 474,428.6 
Easting Coordinate ('83) - 1,348,837.5 

Hours in reporting period - 8734.8 
Hours not pumped -1663.8 

Hours pumped - 707 1.1 Target pumping rate -400 gpm 
Operational percent - 80.95 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed/ 
Month (gpm) Pumped ( P a l a  Million Gallons Pump ed) 
1 102 Ob 0 NA 0.00 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 
10102 
11/02 
12/02 

25b 
394 
393 
337 
386 
325 
378 
302 
356 
345 
- 361 

1.024 
17.586 
16.993 
15.030 
16.694 
14.513 
16.892 
13.502 
15.912 
15.386 
16.130 

NA 
35.5 
35.8 
37.9 
37.0 
34.5 
35.7 
32.2 
31.2 
30.1 
- 28.9 

0.00 
0.30 
0.30 
0.32 
0.3 1 
0.29 
0.30 
0.27 
0.26 
0.25 
- 0.24 

Average 296 Total 159.662 Average 28.23 Average 0.24 

%A = not applicable 
%ell shut down from January 1 to February 26,2002 to replace pumplmotor assembly. 

I E M P - A N M 2 M ) 2 \ A P P E P - A W . ~ Z 2 , 2 0 0 3  1025AM A. 1-20 



FEMP-SER-02-FINAL 
Appendix A, Att. 1, Revision 0 

May 2003 

TABLE A.l-15 4 8 8 0  
EXTRACTION WELL 3927 (RW-4) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 591.84 (top of well) 
Northing Coordinate ('83) - 47434 1.8 
Easting Coordinate ('83) - 1,349,127.3 

Hours in reporting period - 8734.8 
Hours not pumped - 1032 

Hours pumped - 7702.8 
Operational percent - 88.19 

Target pumping rate -500 gpm 

~ ~~ 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed - -  
Month (gpm) Pumped (I@-)' Million Gallons Pumped)' 
1 102 494 22.063 3.5 0.03 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 

12/02 

497 
493 
492 
419 
483 
398 
415 
377 
340 
253 
- 1 6b 

20.038 
22.015 
21.257 
18.682 
20.873 
17.776 
18.521 
16.817 
15.165 
1 1.284 
0.730 

3.7 
3.5 
3.5 
4.3 
3.6 
3.4 
2.9 
3.3 
2.8 
2.6 
- NA 

0.03 
0.03 
0.03 
0.04 
0.03 
0.03 
0.02 
0.03 
0.02 
0.02 
- NA 

Average 390 Total 205.221 Average 3.1 Average 0.03 

%A = not applicable 
%ell shut down December 2,2002 to the end of the month to replace pumplmotor assembly. 

IEMP-ANNUM)2WPEh'DDP-AL4l.COOMay 22,2003 102S Mi A.l-21 
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TABLE A.l-16 

EXTRACTION WELL 32308 (RW-6) 
OPERATIONAL SUMMARY SHEET FOR 2002 

0 - 4880 

Reference Elevation (feet AMSL) - 582.05 (top of casing) 
Northing Coordinate ('83) - 475,078.83 
Easting Coordinate ('83) - 1,348,693.9 

Hours in reporting period - 8734.8 
Hours not pumped - 342.9 

Hours re-injected - 8391.9 
Operational percent - 96.07 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Target pumping rate -250 gpm 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removedl 
Month (gpm) Pumped (Pa) Million Gallons Pump ed) 
1 102 300 13.399 55.6 0.46 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 
10102 
11/02 
12/02 

300 
298 
299 
262 
235 
252 
270 
265 
285 
187' 
- 239 

12.116 
13.320 
12.93 1 
1 1.707 
10.155 
1 1.244 
12.033 
1 1.820 
12.728 
8.346 

10.650 

53.3 
54.0 
54.4 
54.7 
53.4 
52.7 
59.8 
58.6 
56.5 
56.0 
- 54.9 

0.44 
0.45 
0.45 
0.46 
0.45 
0.44 
0.50 
0.49 
0.47 
0.47 
- 0.46 

Average 266 Total 140.449 Average 55.3 Average 0.46 

"Well shut down November 22 to December 1,2002 to meet uranium discharge concentration limits at the Parshall 
Flume. 

A. 1-22 
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TABLE A.l-17 4 8 8 0  
EXTRACTION WELL 32309 (RW-7) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 582.05 (top of casing) 
Northing Coordinate (‘83) - 475,109.60 
Easting Coordinate (‘83) - 1,348,366.34 

Hours in reporting period - 8734.8 
Hours not pumped - 1640.0 

Hours re-injected - 7094.8 
Operational percent - 8 1.22 

Target pumping rate - 250 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 
Month (gpm) Pumped ( P a l a  Million Gallons Pumped) 
1/02 O b  0 NA 0.00 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 
9/02 

@ :E 
12/02 

10lb 
297 
259 
26 1 
23 1 
255 
286 
233 
278 
1 goc 
- 24 1 

4.062 
13.270 
11.197 
1 1.652 
9.988 

11.364 
12.778 
10.413 
12.397 
8.463 

10.760 

55.6 
57.8 
60.6 
64.4 
60.6 
57.7 
59.8 
58.0 
56.1 
54.1 
- 53.9 

0.46 
0.48 
0.5 1 
0.54 
0.5 1 
0.48 
0.50 
0.48 
0.47 
0.45 
0.45 

Average 219 Total 116.34 Average 58.1 Average 0.44 

WA = not .applicable 
w e l l  shut down January 1 to February 19,2002 to replace the pump/motor assembly. 
Well shut down November 22 to December 1,2002 to meet uranium discharge concentration limits at the Parshall 
Flume. 

000033 
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I 

- 4 8 8 U  TABLE A.1-18 
PADDYS RUN ROAD SITE GROUNDWATER SUMMARY STATISTICS 

AND TREND ANALYSIS 

Monitoring Number qf Min?h"d Avg?hc'd SDah'C.d 
Constituent Well Samples' ' ( mdL) (mdL) ( m a )  (mdL) Trendahsd 
Arsenic 2128 220 0.000195 0.1876 0.0122 0.02 17 Down, Significant 

2625 202 0.003765 0.0595 0.0118 0.0090 No Significant Trend 
2636 173 0.010 0.0939 0.044 0.019 No Significant Trend 
2898 37 0.000 147 0.082 0.0044 0.014 No Significant Trend 
2899 30 0.00032 0.0032 0.0013 0.0008 No Significant Trend 
2900 219 0.00032 0.0609 0.0053 0.0064 Down, Marginal 
3128 40 0.0004 0.234 0.009 0.04 No Significant Trend 
3636 39 0.0006 0.014 0.002 0.002 No Significant Trend 
3898 37 0.0006 0.010 0.003 0.002 No Significant Trend 
3899 38 0.000147 0.010 0.0015 0.0016 No Significant Trend 

Phosphorus 2128 46 0.025 16.2 1.8 2.8 Down, Significant 
2625 26 0.307 12.3 3.25 3.13 No Significant Trend 
2636 25 9.6 170 93 49 No Significant Trend 
2898 38 0.005 9.95 0.4 2 No Significant Trend 
2899 29 0.005 0.83 1 0.07 0.1 No Significant Trend 
2900 36 0.050 4.74 0.59 0.79 - No Significant Trend 
3128 47 0.005 13 0.3 2 No Significant Trend 
3636 38 0.00955 1.1 0.087 0.18 No Significant Trend 
3898 36 0.00955 1.24 0.104 0.206 No Significant Trend 
3899 37 0.00955 0.83 0.12 0.18 Down, Significant 
3900 38 0.005 1.38 0.1 0.3 No Significant Trend 

Potassium 2128 38 0.83 18 3.9 4.0 No Significant Trend 
2625 27 0.64 9.49 3.6 2.0 Up, Marginal 
2636 25 8.5 1 21 8 79.6 54.4 Down, Significant 
2898 38 1.11 9.64 4.34 1.51 Up, Significant 
2899 30 1.36 8.85 3.96 1.22 Up, Significant 
2900 37 0.0095 6.0 2.1 1.3 No Significant Trend 
3128 40 1.085 3.7 2.2 0.7 Down. Significant 
3636 38 1.09 4.24 2.39 0.57 Down. Significant 
3898 37 0.61 3.93 2.3 0.60 Up, Marginal 
3899 38 0.875 3.22 2.41 0.40 No Significant Trend 
3900 38 0.975 3.19 1.82 0.46 No Significant Trend 

Sodium 2128 38 12.3 75.2 36.1 12.8 Down, Significant 
2625 27 16.5 50.7 33.5 7.8 Down, Significant 
2636 25 23 148 52 26 Down, Significant 
2898 38 4.945 29.2 18.1 4.1 Down, Significant 
2899 30 11.2 22.9 16.8 2.9 Down, Marginal 
2900 37 0.01355 43.3 27.5 8.6 Down, Significant 
3128 40 3.56 13.4 6.01 3.03 Down, Significant 

13 6.8 3.1 Down, Significant 3636 38 3.14 
3898 37 7.29 14.6 9.75 1.78 Up, Significant 
3899 38 
3900 38 3.25 10.8 5.44 1.98 Down, Significant 

6.24 12.1 8.62 1.32 No Significant Trend 

%e data are based on unfiltered samples from the Operable Unit 5 remedial investigatiodfeasibility study data set 

4 f more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total number 
of samples, and the sample with the maximum concentration is used to determine the summary statistics (minimum, 
maximum, average, and standard deviation [SD] and Mann-Kendall test for trend). 
'Rejected data qualified with either an R or Z were not included in this count or the summary statistics. 
%ere mcentratim are below the detection limit, each result used m the summary statistics is set at half the detection limit. 

1988 through 1993) and 1994 through 2002 groundwater data (unfiltered and filtered in 2001 and 2002). 
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i ;  TABLE A.l-19 
t j :j .' 

EXTRACTION WELL 32761 (EW-26) 
OPERATIONAL SUMMARY SHEET FOR 2002 

- - -  4 8 8 0  

Reference Elevation (feet AMSL) - 570.88 (top of casing) 
Northing Coordinate ('83) - 479892.36 
Easting Coordinate ('83) - 1347364.02 

Hours in reporting period - 5745.8 
Hours not pumped - 854 

Hours re-injected - 4891.8 
Operational percent - 85.14 

Monthly Measurements at Wellfield 

Target pumping rate - 300gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

Month (gpm)" Pumped' (Pa)* Million Gallons Pump ed)" 
1 102 NA NA NA NA 
2/02 NA NA NA NA 
3/02 NA NA NA NA 
4/02 NA NA NA NA 

6/02 95b 4.104 136.4 1.14 
7/02 197' 8.796 139.3 1.16 
8/02 296 12.822 139.7 1.17 
9/02 297 12.844 123.2 1.03 

247 1 1.005 113.6 0.90 
288 12.857 108.4 0.90 

5/02 147b 6.542 145.8 1.22 

- 310d 13.850 104.9 - 0.88 
E 
12/02 

Average 235 Total 82.820 Average 126.41 Average 1.05 

%A = not applicable 
!Extraction well was placed into operation on May 8,2002. 
"Well shut down from June 1 1 to July 8,2002 to meet uranium discharge concentration limit at the Parshall Flume. 
dExtraction rate increased to 500 gpm from December 13 to December 20,2002 to compensate for EW-27 being 
down. 
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TABLE A.l-20 

EXTRACTION WELL 33062 (EW-27) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 575.1 (top of casing) 
Northing Coordinate ('83) - 4800 13 .O 1 
Easting Coordinate ('83) - 1348037.2 

Hours in reporting period - 5745.6 
Hours not pumped - 894 

Hours re-injected - 485 1.6 
Operational percent - 84.4 

Target pumping rate -300 gpm 

Monthly Measurements at Wellfield 
Monthly Average Monthly Average Total Uranium Removal Index 

Pumpkg Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 
Month (gpm)" Pumpeda (Pg/L)' Million Gallons Pumped)a 
1/02 NA NA NA NA 
2/02 NA NA NA NA 
3/02 NA NA NA NA 
4/02 NA NA NA NA 
5/02 195b 8.720 206.1 1.72 
6/02 96' 4.142 188.5 1.57 
7/02 287' 12.816 191.0 1.59 
8/02 41 1 17.766 171.2 1.43 
9/02 403 17.396 155.3 1.30 
10102 380 16.947 150.9 1.17 
1 1/02 383 17.103 139.8 1.17 
12/02 - 273d 12.200 130.1 - 1.09 

Average 304 Total 107.09 Average 1 66.6 Average 1.38 

%A = not applicable 
bExtraction well was placed into operation on May 8,2002. 
"Well shut down from June 11 to July 8,2002 to meet uranium discharge limits at the Parshall Flume. 

shut down from December 10 to December 20,2002 to meet uranium discharge limits at the Parshall Flume. 

A. 1-26 000036 
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TABLE A.l-21 - - -  4 8 8 0  
EXTRACTION WELL 33063 (EW-28) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 579.01 1 (top of casing) 
Northing Coordinate ('83) - 480001.75 
Easting Coordinate ('83) - 1348464.13 

Hours in reporting period - 5745.6 
Hours not pumped - 248 

Hours re-injected - 5497.6 
Operational percent - 95.68 

Monthly Measurements at Wellfield 

Target pumping rate - 400gpm 

Monthly Average Monthly Average Total Uranium Removal Index 
Pumping Rate Million Gallons Uranium Concentration (Pounds of Total Uranium Removed 

Month (gpm)" Pumped" ( P a l a  Million Gallons Pumped)" 
1 102 NA NA NA NA 
2/02 
3/02 
4/02 
5/02 
6/02 
7/02 
8/02 

11/02 
12/02 

NA 
NA 
NA 
303b 
178' 
221' 
406 
395 
377 
384 
- 392 

Average 332 

NA 
NA 
NA 

13.538 
7.673 
9.848 

17.547 
17.050 
16.85 1 
17.140 
17.480 

Total 117.127 

NA 
NA 
NA 
178.1 
140.4 
130.8 
122.8 
111.1 
101.9 
93.7 

83.7 

Average 120.3 1 

NA 
NA 
NA 
1.49 
1.17 
1.09 
1.02 
0.93 
0.78 
0.78 
- 0.69 

Average 0.99 

BNA = not applicable 
kxtraction well was placed into operation on May 8,2002. 
'Well shut down &om June 17 to July 8,2002 to meet uranium discharge limit at the Parshall Flume. 
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TABLE A.l-22 4 8 8 0  
RE-INJECTION WELL 22107 (IW-8) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 540.6 (top of well) 
Northing Coordinate ('83) - 476,196.2 
Easting Coordinate ('83) - 1,347,978.2 

Hours in reporting period - 8,760 
Hours not re-injected - 8,760 

Hours re-injected - 0.0 
Operational percent - 0.0 

Target re-injection rate -200 gpm 

Monthly or Quarterly Measurements at Wellfield 
Average Re-Injection Rate Million Gallons 

MonWQuarter (gprn) Re-Inj ected 
1/02 0" 0.000 
2/02 
3/02 
2" Quarter 
3* Quarter 
4' Quarter 

0.000 
0.000 
0.000 
0.000 
0.000 

Average 0 Total 0.000 

'Well was shut down the entire year due to plugging and decision to replace well. Well was permanently replaced by 
IW-8a in November 2002. 

008038 
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TABLE A.l-23 4 8 8 0  
RE-INJECTION WELL 33253 (IW-8a) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 567.488 (top of well) 
Northing Coordinate ('83) - 476233.515 
Easting Coordinate ('83) - 1348487.37 

Hours in reporting period - 2208a 
Hours not re-injected - 1,886 

Hours re-injected - 322 
Operational percent - 14.6 

Monthly or Quarterly Measurements at Wellfield 
Average Re-Injection Rate Million Gallons 

Target re-injection rate - 200 gpm 

MonWQuarterb (gpm) Re-Injected 
1/02 0 0.000 
2/02 0 0.000 
3/02 0 0.000 
2nd Quarter 0 0.000 
3'" Quarter 0 0.000 
4' Quarter - 1.21' - 3.849 

Average 1.21 Total 3.849 

"Hours in reporting period reflect the fourth quarter only. Well was placed into operation on November 7,2002. 
Re-injection was shut down on November 2 1,2002 to meet 30-ppb discharge limit at the Great Miami River. All 
re-injection wells were down in December because the Expansion System discharge was greater than 10 ppb 
uranium. 
keporling changed from monthly to quarterly beginning with the second quarter of 2002. 
'Computed by dividing actual gallons re-injected (3,849,320.00) by possible operating time. Possible operating time 
includes the entire fourth quarter (2,208 hours). 

000839 
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TABLE A.l-24 

RE-INJECTION WELL 22108 (IW-9) 
OPERATIONAL SUMMARY SHEET FOR 2002 

- 4 8 8 0  

Reference Elevation (feet AMSL) - 578.56 (top of well) 
Northing Coordinate ('83) - 476,255.7 
Easting Coordinate ('83) - 1,348,384 

Hours in reporting period - 8,762 
Hours not re-injected - 7,44 1 

Hours re-injected - 1,321 
Operational percent - 15.1 

Target re-injection rate - 200 gpm 

Monthly or Quarterly Measurements at Wellfield 
Average Re-Injection Rate Million Gallons 

MonWQuarter (gpm) Re-Injected 
1 102 142' 6.16 
2/02 144hb 5.17 
3/02 0 0.000 
2nd Quarter 0 0.000 
3d Quarter 0 0.000 
4" Quarter - 0 0.000 

Average 143 Total 5.67 

'During January and February the well was operated at an injection rate of 150 gpm. The lower rate was used to 

%v ell was shut down beginning in March due to plugging and the decision to replace the well. Well was 
permanently replaced by IW-9a in November 2002. 

rolong the life of the well due to the advance of biological plugging. 
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TABLE A.1-25 4 8 8 0  
RE-INJECTION WELL 33254 (IW-9a) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 577.5 16 (top of well) 
Northing Coordinate ('83) - 476139.644 
Easting Coordinate ('83) - 1348618.93 

Hours in reporting period - 2,208' 
Hours not re-injected - 1,888 

Hours re-injected - 320 
Operational percent - 14.5 

Target re-injection rate -200 gpm 

Monthly or Quarterly Measurements at Wellfield 
Average Re-Injection Rate Million Gallons 

Month/Quarterb (gpm) Re-Inj ected 
1/02 0 0.000 
2/02 
3/02 

Quarter 
31d Quarter 
4"' Quarter 

0 
0 
0 
0 
- 1.21C 

0.000 
0.000 
0.000 
0.000 
3.833 

Average 1.21 Total 3.833 

'Hours in reporting period reflect the fourth quarter only. Well was placed into operation on November 7,2002. 
Re-injection was shut down on November 2 1,2002 because the Expansion System discharge was greater than 
10 ppb uranium. 
!Reporting changed from monthly to quarterly beginning with the second quarter of 2002. 
'Computed by dividing actual gallons re-injected (3,833,070.00) by possible operating time. Possible operating time 
includes the entire fourth quarter (2,208 hours). 
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I . +  ' ,  , TABLE A.l-26 4 8 8 0  
RE-INJECTION WELL 22109 (IW-10) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 577.53 (top of well) 
Northing Coordinate ('83) - 476,175.6 
Easting Coordinate ('83) - 1,348,861 

Hours in reporting period - 8,753 
Hours not re-injected - 2,617 

Hours re-injected - 6,136 
Operational percent - 70.1 

Target re-injection rate - 200 gpm 

Monthly or Quarterly Measurements at Wellfield 
Average Re-Injection Rate Million Gallons 

MonWQuarter" (gpm) Re-Injected 
1 I02 193 8.38 
2/02 197 7.53 
3/02 196 8.74 
Td Quarter 192 18.79 
3d Quarter 198 24.80 
4m Quarter 1 .02b" 3.24 

Average 146.59 Total 71.48 

'Reporting changed from monthly to quarterly beginning with the second quarter of 2002. 
Re-injection was shut down a lot in the fourth quarter. Specifically, re-injection was shut down from October 4 
through October 9 to facilitate construction of three new re-injection wells. Re-injection was shut down from 
October 23 to the end of the month to help meet 30 ppb uranium discharge limit at the river. Re-injection was shut 
down on November 2 and 3 to facilitate maintenance to a tank control valve. Re-injection was shut down on 
November 21,2002 and remained down for the rest of the year because the Expansion System discharge was greater 
than 10 ppb uranium. 
CConrputed by dividing actual gallons re-injected (3,243,040.00) by possible operating time. Possible operating time 
includes the entire fourth quarter (2,208 hours). 
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- 4 8 8 0  
RE-INJECTION WELL 22111 (IW-12) 

OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 583.62 (top of well) 
Northing Coordinate ('83) - 4763 18.6 
Easting Coordinate ('83) - 1,350,105 

Hours in reporting period - 8,759 
Hours not re-injected - 2,457 

Hours re-injected - 6,302 
Operational percent - 7 1.9 

Monthly or Quarterly Measurements at Wellfield 

Target re-injection rate - 200 gpm 

Average Re-Injection Rate Million Gallons 
MonWQuartef (gpm) Re-Injected 
1 I02 196 8.20 
2/02 
3/02 
2"d Quarter 
31d Quarter 
4' Quarter 

195 
195 
195 
200 

2.34b9C 

7.56 
6.73 

19.05 
25.10 

7.43 

Average 148.17 Total 74.07 

@ *Reporting changed from monthly to quarterly beginning with the second quarter of 2002. 
%e-injection was shut down a lot in the fourth quarter. Specifically, re-injection was shut down from October 4 
through October 9 to facilitate construction of three new re-injection wells. Re-injection was shut down from 
October 23 to the end of the month to help meet 30 ppb discharge limit at the river. Re-injection was shut down on 
November 2 and 3 to facilitate maintenance to a tank control valve. Re-injection was shut down on 
November 2 1,2002 and remained down for the rest of the year because the Expansion System discharge was greater 
than 10 ppb uranium. 
'Computed by dividing actual gallons re-injected (7,428,700.00) by possible operating time. Possible operating time 
includes the entire fourth quarter (2,208 hours). 
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TABLE A.1-28 

RE-INJECTION WELL 22240 (IW-11) 
OPERATIONAL SUMMARY SHEET FOR 2002 

Reference Elevation (feet AMSL) - 577.61 (top of well) 
Northing Coordinate ('83) - 476,422.8 
Easting Coordinate ('83) - 1,349,387 

Hours in reporting period - 8,751 
Hours not re-injected - 2,28 1 

Hours re-injected - 6,470 
Operational percent - 73.9 

Monthly or Quarterly Measurements at Wellfield 

Target re-injection rate - 200 gpm 

Average Re-Injection Rate Million Gallons - 
MonWQuarte? (gpm) Re-Injected 
1 102 199 8.32 
2/02 
3/02 
2"' Quarter 
3d Quarter 
4~ Quarter 

197 
197 
194 
200 
2. 34b*' 

7.54 
8.78 

18.94 
25.04 
7.44 

Average 148.50 Total 76.06 

"Reporting changed from monthly to quarterly beginning with the second quarter of 2002. 
!Re-injection was shut down a lot in the fourth quarter. Specifically, re-injection was shut down from October 4 
through October 9 to facilitate construction of three new re-injection wells. Re-injection was shut down from 
October 23 to the end of the month to help meet 30 ppb discharge limit at the river. Re-injection was shut down on 
November 2 and 3 to facilitate maintenance to a tank control valve. Re-injection was shut down on 
November 21,2002 and remained down for the rest of the year because the Expansion System discharge was greater 
than 10 ppb uranium. 
'Computed by dividing actual gallons re-injected (7,439,470.00) by possible operating time. Possible operating time 
includes the entire fourth quarter (2,208 hours). 
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TABLE A.l-29 4 8 8 0  
2002 EXTRACTION WELL TARGET PUMPING RATES 

Initial Rates' 
Module Extraction Well (gpm) 
South Plume 3924 (RW-1) 300 300 

3925 (RW-2) 300 300 
3926 (RW-3) 400 400 
3927 (RW-4) 500 500 

32308 (RW-6) 250 250 
32309 (RW-7) - 250 - 250 

Sub-Total 2000 2000 
Waste Storage Area 32761 (EW-26) 300 300 

33062 (EW-27) 300 300 
33063 (EW-28) - 400 400 

Sub-Total 1000 1000 
South Field Extraction (Phase I) 31550 (EW-18) 100 100 

31560 (EW-19) 100 
31561 (EW-20) 100 
31562(EW-21)' 
31563 (EW-16) 
31564 (EW-14)b 
31565 (EW-13)d 

31567 (EW-17)' 
31566 (EW-15)' 

32276 (EW-22) 
32446 (EW-24) 
32447 (EW-23)' 
33061 (EW-25) 

Sub-Total 

100 
200 

200 
200 
100 
200 
200 
200 
- 300 
2200 

100 
100 
290 
200 
0 
0 
0 

250 
300 
200 
300 
- 300 
2140 

Total Pumping 5200 5140 

'With the exception of the pumping rate for Extraction Well 3927 (RW-4) and waste storage area wells, these 
pumping rates are identical to the design pumping rates presented in Table 5-1 of the Baseline Remedial Strategy 
Report, Remedial Design for Aquifer Restoration. The pumping rate for Extraction Well 3927 (RW-4) was 
increased from 400 to 500 gpm on November 6,1997 to maximize the extent of the eastern edge of the capture zone 
in this area. Waste storage area wells were not modeled as being operational in 2002 in the Baseline Remedial 
Strategy Report. 
%e target pumping rates for some wells are different from the Baseline Remedial Strategy Report pumping rates 
shown in the first column and were changed based on operational experience with the extraction system. 
T h e  target pumping rate increased from 200 gpm to 290 gpm on September 14,2000, due to increased total uranium 
concentrations in well following rehabilitation, and the indications that the well may be remediating a larger portion 
of the plume than previous projections had indicated. 
%us well was removed from service on May 22,2001 in order to remove contaminated soil around the well as part 
of the southern waste units remediation. 
@"his well was removed h m  service on August 7,1998 after operational experience demonstrated its continued operation 
may have been detrimental in meeimg system objectives. Pumping rates for Extraction Wells 3 1562 (EW-21) and 32276 
(EW-22) were increased at that time to compensate for the shut down of Exttaction Well 31566 (EW-15). 
The target pumping rate increased from 100 gpm to 250 gpm on August 8,2000, in an effort to accelerate the 
remediation of the plume emanating from the former inactive flyash pile area. 
'The target pumping rate increased from 200 gpm to 300 gpm on April 19,2001, in response to increasing total 
yanium concentrations to the east of this well. 
This well was removed from service on December 19,200 1. 
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ATTACHMENT A.2 

This attachment discusses groundwater total uranium results for 2002, in context with results collected 

prior to 2002 and discusses two studies undertaken to in 2002 improve modeled uranium cleanup 

predictions. Monitoring and extraction well locations associated with the IEMP are shown in 

Figure A.2-1 and listed in Table A.2-1. For integration purposes, the on-site disposal facility monitoring 

well locations are also shown on Figure A.2-1. 

Figures A.2-2.A, A.2-2.B, A.2-3.A, and A.2-3.B show maximum total uranium plume maps for the first 

and second half of 2002, respectively. The maps are posted in two parts to show all of the data in an 

8%-by-1 1-inch format. One part shows direct-push (Geoprobe) data, and the other part shows monitoring 

well and extraction well data. Data collected from the aquifer are used to progressively update the total 

uranium plume maps in the following manner: 

0 Total uranium concentration data are posted on a map with the contours from the previous 
published map. The highest representative total uranium value of Type 2,3, or 4 wells at a 
cluster is selected. The highest concentration associated with each direct-push location is also 
selected. 

If a recently measured concentration from a well is greater than the previously mapped 
concentration contour value at that location, then the plume is recontoured to honor the higher 
value. 

0 

0 At some locations, the plume may be migrating between the Type 2 and the Type 3 well screen. 
Therefore, if the most recent concentration measurement from a well is less than what is 
contoured for that location previously, then the new data are posted but the plume contours are 
not adjusted to honor the new data. 

0 If direct-push data are available and a complete vertical profile of an area indicates that the edge 
of the 30 p g L  plume has contracted, then the map is recontoured to honor the contracted 
interpretation. 

Tables A.2-2 and A.2-3 list the monitoring wells and extraction wells, respectively, where total uranium 

concentrations exceeded the 30 pg/L FRL during 2002. Included in the tables are statistical summaries 

for total uranium concentrations at each well and a calculated statistical trend. Figure A.2-4 illustrates the 

statistics presented in Tables A.2-2 and A.2-3 (e.g., where total uranium concentrations have, if any, an 

“up, significant,” “down, significant,” or a “no significant” trend). Figures A.2-5 through A.2-126 present 

total uranium concentration versus time plots for IEMP and on-site disposal facility monitoring wells. 

These plots also show the screen interval for Type 2 wells (if available) and water levels. 

A.2-1 
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The topics listed below are deemed to be important based on a review of these total uranium data: 

4 8 8 0  
0 

0 

Changes to plume interpretation in the waste storage area. 
Changes to the plume interpretation in the South Field and South Plume. 
Additional direct-push sampling in the Plant 6 area. 
Uranium concentrations above 30 p a  measured in Plant 6 area. 

Following are descriptions of these topics. 

Changes to the Plume Interpretation in the Waste Storape Area 

Nine new monitoring wells were installed in the Pilot Plant Drainage Ditch area to monitor the 

remediation of the uranium plume around three new extraction wells. Installation of the new monitoring 

wells was completed on January 17,2002. Sampling from the first quarter of 2002 indicated the presence 

of uranium concentrations that were higher than previously recorded in the area by direct-push sampling. 

A revised uranium plume map for the Pilot Plant Drainage Ditch area was provided in the first quarter 

IEMP report for 2002. Subsequent to the map being provided in the first quarter IEMP report for 2002, 

additional sampling conducted in the first half of 2002 indicated even higher uranium concentrations in 

some of the wells. The plume map was therefore revised again to reflect the higher uranium 

concentrations. The revised map was presented in the IEMP Mid-Year Data Summary Report and as 

Figure A.2-2 (A and B) in this report. The higher values are carried forward into the second half 2002 

total uranium map presented in Figure A.2-3 (A and B). The impact that these higher measured uranium 

concentrations have on modeled cleanup predictions is being examined. Results are scheduled to be 

available in 2003. 

Chanpes to the Plume Interpretation in the South Field and South Plume 

Twenty-five different locations were sampled in 2002 using direct-push methods in the South Field and 

off-property South Plume areas to update the uranium plume interpretation (22 locations in the 

off-property portion of the South Plume and three locations in the South Field). Results were used to 

revise the total uranium plume maps for 2002. Results for the off-property locations were also used to 

evaluate the need to install an additional extraction well off-property. The data indicate that an additional 

extraction well is not needed in the off-property portion of the uranium plume at this time to achieve 

modeled cleanup predictions. 

Data indicate that the westem edge of the 30 pg/L total uranium plume boundary, just north of 

Willey Road, has shifted to the east due to a decrease in uranium concentrations. This reduction is 

attributed to a combination of re-injection along Willey Road, recharge of clean water through 

Paddys Runl and pumping in the South Plume and South Field. As a result, the trailing edge of the 

30 p a  plume has moved to the east. Reduced uranium concentrations were measured all along 

I E M P - A N M 2 0 0 2 U P P E P - A ! A Z W . ~ y  22.2003 1025 AM A.2-2 000072 
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&llzy@oad .I just downgradient of the re-injection wells. As re-injection continues, it is anticipated that 

the plume will eventually be cut in half near the re-injection wells along Willey Road. Uranium 

contamination south of the re-injection wells will move toward the South Plume extraction wells; 

uranium contamination north of the re-injection wells will move toward the South Field extraction wells. 

Additional Direct-Push Samulinp in the Plant 6 Area 

During 2002 a direct-push sample was collected fiom a location downgradient of the deepest portion of 

the sub-basement in Plant 6. During excavation of the Plant 6 basement and sub-basement, a high level of 

uranium was found in the water within the basement and sub-basement. Results of the direct-push 

sampling showed that the highest uranium concentration measured in the aquifer was 17.8 pg/L.. This 

indicated that the contaminated water found in the basement and sub-basement of Plant 6 did not impact 

water quality directly downgradient of Plant 6. A pipeline was constructed to transfer collected water 

directly to water treatment. 

* 

Uranium Concentrations Above 30 ug/L Measured in Plant 6 Area 

The EPA and Ohio Environmental Protection Agency (OEPA) approved the Design for Remediation of 

the Great Miami Aquifer in the Waste Storage and Plant 6 areas in 200 1. This design report provided 

data indicating that the total uranium plume in the Plant 6 area was no longer present. It was believed that 

the total uranium plume had dissipated to concentrations below the FRL as a result of the shutdown of 

plant operations in the late 1980s and the pumping of highly contaminated perched water as part of the 

Perched Water Removal Action #1 in the early 1990s. Because a total uranium plume with 

concentrations above the groundwater FRL was no longer present in the Plant 6 area at the time of the 

design, a restoration module for this area became unnecessary and was no longer planned. However, 

groundwater monitoring continued in the Plant 6 area in 2002 and one well in the area had a uranium 

concentration above 30 pg/L in 2002. On June 12,2002 the uranium concentration was 40.9 p@, and 

on October 21,2002 the concentration was measured at 36.7 pg/L. Therefore, Figure 3-1 and other 

plume maps in Attachment A show a small uranium plume in the Plant 6 Area. Continued monitoring 

will determine whether or not this small plume will dissipate or require some type of pumping action. 

0 

Statistical Evaluation on Water Level and Total Uranium Concentration Relationshius 

Table A.24 and Figures A.2-127 through A.2-145 provide information pertaining to water level and 

uranium concentration versus time plots, water levelhotal uranium regression analysis plots, and trend 

comparisons. The information presented is similar to that presented in Appendix D of the on-site disposal 

facility technical memorandum on baseline groundwater conditions and the information presented in 

Attachment A S  .3 regarding on-site disposal facility wells. 
@ 

008873 
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e 4880 
As identified in the weekly conference call (October 14,2002) facsimile, statistical analysis on water 

levelshranium concentrations will be performed on a list of 15 wells (refer to Figure A.2-127 for location 

of wells not in the vicinity of the on-site disposal facility). This analysis, including trend comparisons, 

was performed for all on-site disposal facility Great Miami Aquifer wells (presented in Attachment AS) 

and on other wells around the site. Note that five of the nine wells not in the on-site disposal facility 

vicinity exhibit no significant inverse relationship with resect to water levels and total uranium 

concentrations; whereas, most wells in the on-site disposal facility area indicate an inverse relationship 

between water levels and uranium concentrations (i.e., groundwater elevations are decreasing as uranium 

concentrations are increasing). The technical memorandum had a similar conclusion with respect to 

on-site disposal facility monitoring wells. From this information, it appears that a correlation between 

water levels and total uranium concentrations is location- and time-dependent. 

Other Studies 

Work was done in 2002 in support of two studies aimed at providing information that could be used to 

improve modeled groundwater cleanup predictions. The two studies are: 

0 

0 
Analysis of How Uranium is Sorbed and Partitioned on Great Miami Aquifer Sediments 
Bench Scale Testing of Enhanced Anaerobic Reductive Precipitation (EARP) Technology 

Analvsis of How Uranium is Sorbed and Partitioned on Great Miami Aauifer Sediments 

During 2002 work was conducted to further define how uranium is being held on aquifer sediments. The 

controlling document for this project was the Project-Specific Plan for Analysis of How Uranium is 

Sorbed and Partitioned on Great Miami Aquifer Matrix Sediments (DOE 2002b). Understanding how 

uranium is held on aquifer sediments is important for predicting how easily the uranium can be removed 

from the sediments by conventional pump-and-treat remediation strategies. Sandia National Laboratories 

in Carlsbad, New Mexico conducted the laboratory work. Results of the testing are expected in 2003. 

These results will be used to assess the accuracy of current modeled cleanup time and performance 

predictions. Results will be shared with the EPA and OEPA. 

Bench Scale TestinP of Enhanced Anaerobic Reductive PreciDitation IEARP) Technology 

The FCP is supporting a bench scale test that evaluates EARP technology. Details of the testing can be 

found in the Revised Test Plan for In Situ Chemical Stabilization of Metals and Radionuclides through 

Enhanced Anaerobic Reductive Precipitation (Lutes and Sutherson 2002). The test is sponsored by the 

U.S. Department of Energy's (DOE'S) National Environmental Technology Laboratory (NETL) in 
Pittsburgh, Pennsylvania. The objective of the NETL sponsored bench-scale test is to demonstrate the 

efficacy of EARP technology for precipitating uranium from contaminated groundwater. Briefly, the 

IWIP-ANNU002UPPENDDP-AWUU DOCWay 22,2003 IOU AM 
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teclyologyl consists of adding a food substance to the aquifer. Bacteria, naturally present in the aquifer, 

consume the food, and use up oxygen in the process. Lower oxygen levels cause uranium to precipitate 

out of solution and become fixed to the aquifer sediment. Reversibility of the procedure is advertised as 

being slow enough to be protective of the aquifer and the environment. At the request of NETL 

investigators, the Fernald Closure Project (FCP) provided aquifer sediment and water samples for a bench 

scale test. The FCP views the test as a screening step to determine if there is any merit for considering a 

demonstration of the promising technology at the Fernald site. Results from the bench-scale test are 

expected in late 2003. Although it is premature to conjecture how the technology might be used at the 

Fernald site, DOE does not envision it would ever be used to replace pump-and-treat. What is envisioned 

is having another tool available to address possible future recalcitrant areas that might not respond fully to 

pump-and-treat. Evaluation of this technology is consistent with the commitment made in the Operable 

Unit 5 Record of Decision to assess any new or developing technology that could improve the aquifer 

remediation. No new technology will be implemented in the groundwater remediation without prior 

approval of the EPA and OEPA. 

- 2  I i j  
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13 
14 
2002 
2008 
2009 
2010 
2014 
2015 
2016 
2017 
2032 
2037 
2045 
2046 
2048 
2049 
205 1 
2054 
2060 (12) 
2068 
2070 
2093 
2095 
2106 
2109 
21 18 
2125 
2128 
2166 
2385 
2386 
2387 
2389 
2390 
2396 
2397 
2398 
2402 
2417 
2424 
2426 
2429 
2430 
243 1 
2432 
2434 
2545 

4 8 8 0  TABLE A.2-1 

LISTING OF IEMP GROUNDWATER WELLS 

Well ID Monitoring Activity 
Private Well Monitorine 
Private Well Monitorine 

South Plume Module 
Waste Storaee Area Module 
Waste Storaee Area Module 
Waste Storage Area Module 

South Field Extraction Module 
South Plume Module 

South Field Extraction Module 
South Plume Module Re-Iniection Demonstration Module 

Waste Storaee Area Module 
Waste Storage Area Module 

South Field Extraction Module 
South Field Extraction Module 
South Field Extraction Module 
South Field Extraction Module 
ProDertv Boundarv Monitorine 

Plant 6 Area Module 
Private Well Monitoring 

South Field Extraction Module 
Property Boundary Monitoring 

South Plume Module 
South Plume Module 

South Plume Module and Property Boundary Monitoring 
Plant 6 

Plant 6 Area Module 
South Plume Module 
South Plume Module 
South Plume Module 

South Field Extraction Module 
South Field Extraction Module 
South Field Extraction Module 

Plant 6 Area Module 
South Field Extraction Module 

South Plume Module 
South Field Extraction Module 

South Plume Module and Property Boundary Monitoring 
South Field Extraction Module 
ProDertv Boundarv Monitorine 
ProDertv Boundarv Monitorine 
ProDertv Boundarv Monitorine 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 

South Plume Module 

IEMP-AlWWO2WPENDWP-AWW.IX3OMay 22,2003 1025 AM A.2-6 008876; 
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- TABLE A.2-1 
(Continued) 4 8 8 0  

Well ID Monitoring Activity 
2550 South Plume Module 
2552 
2553 
2625 
2636 
2648 
2649 
2733 
282 1 
2880 
2897 
2898 
2899 
2900 
3009 
3014 
3015 
3032 
3045 
3046 
3049 
3054 
3067 
3069 
3070 
3093 
3095 
3 106 
3125 
3128 
3385 
3387 
3390 
3396 
3397 
3398 
3402 
3417 
3424 
3426 
3429 
343 1 
3432 
3550 

South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

Waste Storage Area Module 
Waste Storage Area Module 

Property Boundary Monitoring 
Waste Storage Area Module 

South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

Waste Storage Area Module 
South Field Extraction Module 

South Plume Module 
Waste Storage Area Module 

South Field Extraction Module 
South Field Extraction Module 
South Field Extraction Module 

Plant 6 Area Module 
Property Boundary Monitoring 

South Plume Module, Property Boundary Monitoring 
Property Boundary Monitoring 

South Plume Module 
South Plume Module 

South Plume Module and Property Boundary Monitoring 
South Plume Module 
South Plume Module 

South Field Extraction Module 
South Field Extraction Module 
South Field Extraction Module 

South Plume Module 
South Field Extraction Module 
Property Boundary Monitoring 
South Field Extraction Module 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 

South Plume Module 

8 .  

Q M P - A N N U 0 0 2 \ A P P E N D ~ P - A W W . ~ y  22,2003 1025 AM 

000077 
A.2-7 



FCP-SER-02-FINAL 
Appendix A, Att. 2, Revision 0 

May 2003 

TABLE A.2-1 
(Continued) 

Well ID Monitoring Activitv 

4880 

3552 South Plume Module 
3636 
3733 
3821 
3880 
3897 
3898 
3899 
3900 
4125 
4398 
6880 
688 1 
21033 
21063 
21 192 
22198 
23064 
23118 
31217 
32766 
32768 
62408 
62433 
63116 
63119 
63121 
63 122 
83117 
83120 
83 123 
83 124 

South Plume Module 
Property Boundary Monitoring 

Waste Storage Area Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

Property Boundary Monitoring 
South Plume Module 
South Plume Module 

South Field Extraction Module 
South Plume Module 

South Field Extraction Module 
Property Boundary Monitoring 

South Plume Module 
Waste Storage Area Module 

Property Boundary Monitoring 
Waste Storage Area Module 
Waste Storage Area Module 

South Field Extraction Module 
South Field Extraction Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 
Waste Storage Area Module 

IEMP-ANM2MnWPENDD[UPP-AWW.W 22,2003 1025 AM A.2-8 
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> ' -. 4- L TABLE A.2-2 % -  4 8 8  ,* ?; ;v 

SUMMARY STATISTICS AND TREND ANALYSIS OF MONITORING WELLS 
FOR TOTAL URANIUM WITH 2002 RESULTS ABOVE FINAL REMEDIATION LEVEL 

No. of Samples Minimumab*' Maximuma4' Averagea4c*4e7f Standard Deviation'b*c'4c" 
Well Since 1988'"' Trend%bC.4C.b (Pg/L) (Pgn) (Pg/L) (Pg/L) 

2015 

2045 

2046 

2049 

2060 ( 12) 

2095 

2166 

23118 

2385 

2387 

2389 

2390 

2397 * 2550 

2648 

3069 

3095 

3125 

32766 

32768 

3390 

62408 

62433 

63116 

63119 

6880 

6881 

82433 C2 

82433 C3 

82433 c4 

82433 C5 

53 

33 

32 

31 

47 

44 

33 

4 

25 

25 

14 

24 

19 

35 

22 

51 

45 

42 

3 

3 

23 

13 

14 

4 

4 

12 

12 

3 

5 

3 

3 

1.3 

12.034 

20 

3.0 

8.4 

27 

28.3 

25.4 

76.648 

53.5 

0.899 

60.5 

212 

3.3 

9.61 

0.5 

2.0 

19.3 

51.7 

29.5 

39.245 

70 

33 1.94 

19.6 

77 

68.3 

17.5 

179 

296 

256 

38 

290 

462 

907 

177.893 

332 

208 

95.1 

69.7 

592.164 

492 

120 

163 

580.004 

120 

74.053 

398.33 

94 

82 

79.9 

55.4 

110 

157 

844.991 

163 

151 

145 

60.5 

214 

506 

31 1 

85.4 

IEMP-ANM2W2WPENDIP-AWW.~y 22.2001 1025 AM 

I50 

164 

260 

91 

86 

120 

63.6 

53.2 

245.42 

144 

22 

95.8 

364 

69 

32.4 

140 

20 

44 

67.8 

45.0 

75 

130 

512.84 

115 

130 

111 

30.5 

20 1 

437 

290 

63 

A.2-9 

40 

140 

260 

48 

70 

40 

14.9 

19.2 

129.47 

97 

31 

22.7 

99 

19 

18.1 

110 

16 

16 

NA 

NA 

18 

30 

140.72 

65 

30 

21 

10.5 

NA 

83 

NA 

NA 

No Significant Trend 

Down, Significant 

Down, Significant 

Down, Significant 

No Significant Trend 

No Significant Trend 

Down, Significant 

No Significant Trend 

No Significant Trend 

No Significant Trend 

No Significant Trend 

No Significant Trend 

No Significant Trend 

No Significant Trend 

No Significant Trend 

Down, Significant 

Down, Significant 

No Significant Trend 

NA 

NA 

Down, Significant 

Down, Significant 

No Significant Trend 

No Significant Trend 

No Significant Trend 

Down, Significant 

Down, Significant 

NA 

No Significant Trend 

NA 

NA 

008079 
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TABLE A.2-2 
(Continued) 4880 

No. of Samples Maximum'b*c Standard Deviation%bc.dcf Well Since 1988abc Trend0bGkf4 (Pkm ( P m  ( P a )  (Pa) 
83 117 C1 4 655 883 757 105 No Significant Trend 

831 17 C2 2 31 1 322 NA NA NA 

831 17 C3 2 125 128 NA NA NA 

831 17 C4 2 71.3 74 NA NA NA 

83 120 C1 2 25.5 38 NA NA NA 

83120 C2 4 289 485 422 92 No Significant Trend 

83120 C3 2 217 222 NA NA NA 

83 123 C2 4 1 1 1  240 178 56 No Significant Trend 

83123 C3 2 38 45 NA NA NA 

83124 C1 4 207 780 427 246 No Significant Trend 

83124 C2 2 87.8 103 NA NA NA 

83124 C5 2 48.9 50 NA NA NA 

asurnmay statistics and Mann-Kendall test for trend are primarily based on unfiltered samples with some filtered samples from 
the Operable Unit 5 remedial investigatiodfeasibility study data set (1988 through 1993) and 1994 through 2002 groundwater 
data. 
?f more than one sample is collected per well per day (e.& duplicate), then only one sample is counted for the number of 
samples, and the sample with the maximum representative concentration is used for determining the summary statistics 
(minimum, maximum, average, and standard deviation [SD]) and Mann-Kendall test for trend. 
'Rejected data qualified with either an R or Z were not included in this count, the summary statistics, or Mann-Kendall test for 
trend. 
dFor results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall 
test for trend are each set at half the detection limit. 
'If the number of samples is greater than or equal to four, then all of the summary statistics and the Mann-Kendall test for trend 
are reported. If the total number of samples is equal to three, then the minimum, maximum, and average are reported. If the total 
number of samples is equal to two, then the minimum and maximum are reported. If the total number of samples is equal to one, 
then the data point is reported as the minimum. 
'NA = not applicable 
8Mann-Kendall test for trend is performed using data from third quarter 1998 through 2002. 
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TABLE A.2-3 
' - 4 8 8 0  SUMMARY STATISTICS AND TREND ANALYSIS OF EXTRACTION WELLS 

WITH 2002 RESULTS ABOVE TOTAL URANIUM FINAL REMEDIATION LEVEL 

No. of Samples Minimumhhc MaximumOhC Averagehhc Standard Deviationhhc 
Well Since 1988hb (Pa) (Pg/L) ( P g n )  ( P m  Trend%hc 
South Plume Module (August 27, 1993 through December 3 1,2002) 
3924 293 1.8 180 39 16 Down, Significant 
3925 297 0.5 84 30 8 Down, Significant 
3926 293 1.5 42.4 23 10 Up, Significant 

3927 284 1 .o 17 2.2 1.4 Up, Significant 

South Plume Optimization Module (August 9,1998 through December 3 1,2002) 
32308 26 1 47.6 100.1 67.0 9.1 Down, Significant 
32309 252 49.7 122.8 . 71.3 13.3 Down. Sienificant 
South Field Extraction (Phase I) Module (July 13, 1998 through December 3 1,2002) 
31550 25 1 29.1 127.9 61.7 22.4 Down, Significant 
31560 256 36.9 182.8 89.0 37.1 Down, Significant 
31561 254 26.2 1 14d 48.6 8.4 Up, Marginal 
31562 238 46. le  179.7 106 24 Down, Significant 
31563 259 14.3 65.4 28.1 10.3 Down, Significant 
31567 256 20.4 67 36 9 Down, Significant 

263 
148 

86.8 
52.1 

290.2 
168.1 

158 
79.4 

47.3 Down, Significant 
21.0 Down, Significant 

32447 147 119.7 302.3 174.5 33.1 Down, Significant 

'If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the number of 
samples, and the sample with the maximum representative concentration is used for determining the summary statistics 
(minimum, maximum, average, and standard deviation [SD]) and Mann-Kendall test for trend. 
*ejected data qualified with either an R or Z were not included in this count, the summary statistics, or Mann-Kendall test for 
trend. 
'For results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall 
test for trend are each set at half the detection limit. 
%is result (sampled 813 1/98) appears to be an outlier. It is suspected that the sample for this well was switched with the sample 
for Extraction Well 3 1562 (refer to Figures A. 1-8 and A. 1-9). 
%is result (sampled 813 1/98) appears to be an outlier. It is suspected that the sample for this well was switched with the sample 
for Extraction Well 31561 (refer to Figures A.l-8 and A.l-9). 
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May 2003 

TABLE A.2-4 

SLOPE COMPARISON ON A LIMITED NUMBER OF 
GREAT MIAMI AQUIFER WELLS 

4 8 8 0  

Comparison of Slopes Comparison of Inverse Trends 
Water Level Total Uranium Trend Direction Inverse Trend 

Well Slope Slope P-Value Comparison’ P-Value Comparisonb 
2002 

2017 

2046 

2068 

2093 

2095 

2389 

2390 

21063 

Decreasing 

Decreasing 

Decreasing 

Decreasing 

Decreasing 

Decreasing 

Invariable‘ 

Decreasing 

Decreasing 

Invariable‘ 

Invariable‘ 

Decreasing 

Invariable‘ 

Increasing 

Decreasing 

Invariable‘ 

Invariable‘ 

Decreasing 

0.0169 

0.0052 

0.1805 

0.1409 

0.0000 

0.8401 

0.0323 

0.1159 

0.8088 

Significantly Different 

Significantly Different 

Not Significantly 
Different 

Not Significantly 
Different 

Significantly Different 

Not Significantly 
Different 

Significantly Different 

Not Significantly 
Different 

Not Significantly 
Different 

0.0255 

0.0001 

0.0000 

0.0057 

0.6321 

0.0000 

0.9990 

0.0119 

0.0000 

Limited evidence of an 
Inverse Relationship 

No sigmficant evidence 
of an Inverse 
Relationship 

No significant evidence 
of an Inverse 
Relationship 

No significant evidence 
of an Inverse 
Relationship 

Strong evidence of an 
Inverse Relationship 

No significant evidence 
of an Inverse 
Relationship 

Strong evidence of an 
Inverse Relationship 

Limited evidence of an 
Inverse Relationship 

No significant evidence 
of an Inverse 
Relationship 

Note: Outliers identified as results having Studentized Residuals approximately > 3.5. This method was used 
because the deviation is calculated as the residual from the fitted regression line without the potential outlier. 

‘%gnificantly different” - p-Value C 0.05 
bb6Strong evidence” - p-Value > 0.15 

“Some Evidence” - 0.05 C p-Value 5 0.15 
“Limited evidence” - 0 . 0 1 ~  pValue 10.05 
“No sigmficant evidence” - pValue < 0.01 

‘Slope is so slight that it is considered invariable. 

IEMP-ANN\2002WPEh’DDP-AWW.DOOhfay 22,2003 1QU AM A.2-12 
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ATTACHMENT A.3 

GROUNDWATER ELEVATIONS AND CAPTURE ASSESSMENT 
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ATTACHMENT A.3 4 8 8 0  

This attachment discusses groundwater elevation and capture assessment. Figures A.3-1 through A.3-4 

present groundwater elevation maps for the four quarters of 2002. Each groundwater elevation map 

contains the following quarter-specific information: 

0 Groundwater elevation data and resultant water table contours. 

0 Interpreted groundwater capture zones. 

0 Bedrock highs. 

0 1 0-year, uranium-based restoration footprint taken from the Baseline Remedial Strategy 
Report - Remedial Design for Aquifer Restoration. 

0 Extent of the maximum 30 pg/L total uranium plume. 

Module-specific pumping rates during the time period in which the groundwater elevation 
measurements were collected. 

Major groundwater flow divide which separates groundwater exiting the New Haven Trough to 
the Great Miami River through the Paddys Run Outlet from groundwater exiting the New Haven 
Trough to the Great Miami River through the New Baltimore Outlet. 

The quarterly groundwater maps shown in Figures A.3-1 through A.3-4 illustrate two capture issues: 

1. The actual groundwater capture zone interpreted through collected water level measurements 

2. The projected capture over the life of the 10-year remedy, as defined in the Baseline Remedial 
Strategy Report. 

Actual capture during 2002 appears to be adequate. The waste storage area began operation on 

May 8,2002. Interpreted capture zones for the Waste Storage Area Module are provided on 

Figures A.3-3 and A.34. 

Predicted capture over the life of the remedy (the 10-year, uranium-based restoration footprint) is also 

shown on each quarterly map. This predicted capture zone was modeled in the Baseline Remedial 

Strategy Report and reflects implementation of the baseline remedy presented in that report. 

In accordance with “Responses to OEPA Comments to Responses to OEPA Comments on the Integrated 

Environmental Monitoring Status Report for Second Quarter 1999,” Comment #1, well cluster 

hydrographs are provided as a means to assess vertical groundwater gradients. The hydrographs depict 
0 
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grop-idwit$,eIevations available from 1993 through 2002 from Type 2 and Type 3 wells at the same 

cluster. Hydrographs for the following monitoring well clusters appear in Figures A.3-5 through A.3-30: 

009,014,015,017,032,045,046,049,054,065,069 (434), 095, 106, 125,385,387,390,396,398,402, 

550,552, 821, 880, 881, and 900. The last three digits of the monitoring wells identify the well clusters 

(e.g., cluster 552 consists of Monitoring Wells 2552 and 3552). Figure A.3-3 1 identifies the well cluster 

locations. 

.. L, Y 

Analysis of these hydrographs for 2002 indicates that elevations in the Type 2 and Type 3 monitoring 

wells within the majority of the clusters monitored are almost always identical for each measurement 

event. An occasional, slight difference can be seen (clusters 387,396,398, and 552), but these 

differences do not appear to be indicative of vertical hydraulic gradients. Rather, they are attributed to 

measurement, transcription, or keypunch error during data collection and processing. 
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ATTACHMENT A.4 

4 8 8 0  
This attachment evaluates non-uranium FRL exceedances that occurred in 2002. The purpose of the 

evaluation is to: 

0 Close out the data evaluation process used in past annual site environmental reports for 
determining if non-uranium FRL exceedances result in the recategorization of a constituent 
(Section A.4.1) 

Determine the persistence of non-uranium FRL exceedances outside the 1 0-year, uranium-based 
restoration footprint (Section A.4.2) 

0 Confirm that the new sampling approach presented in the IEMP, Rev. 3 is appropriate based on 
2002 non-uranium FRL exceedances (Section A.4.3) 

0 Present conclusions (Section A.4.4). 

A.4.1 RE-CATEGORIZATION OF NON-URANIUM FRL CONSTITUENTS BASED ON 

2002 FRL EXCEEDANCES 

Each year groundwater data are reviewed and monitoring constituent lists are evaluated to ensure that the 

sampling frequency for constituents meets the criteria established for the program. The results of these 

evaluations are used to determine if the constituents should be recategorized, which might change the 

monitoring frequency. 

@ 

A.4.1.1 Backmound 

Groundwater monitoring under the IEMP focuses on the 50 groundwater FRL constituents listed in the 

Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996). A detailed selection process 

was used to develop lists of constituents for groundwater monitoring of the aquifer restoration remedy. 

This process is presented in Appendix A of the IEMP, Rev. 2 (DOE 200 1 b). 

For the purpose of modeling &d monitoring, the aquifer was divided into different zones. A unique 

monitoring constituent list was initially developed for each zone, based on data collected from the aquifer 

from 1988 through 1997 and criteria defined in Appendix A of the IEMP, Rev. 1 (DOE 1999). 

000265; 
I E M P - A N N U W Z W P E N D I P - A L 4 4 L 4 4 . ~ y  22.2003 1209PM A.4-1 



FCP-SER-02-FINAL 
Appendix A, Att. 4, Revision 0 

May 2003 

4880 
~~ ~ _ _  

Constituents were categorized based on whether or not they were mobile and persistent, and whether or 

not they had been detected above the FRL in the aquifer zone in question. The categories are defined as 

follows: 

>MP The constituent has been detected in the aquifer at concentrations greater than its established 
FRL and is considered "Mobile and Persistent." It has been predicted to be able to migrate 
vertically from the glacial overburden to the aquifer and has already caused an FRL 
exceedance in the aquifer. 

>N The constituent has been detected in the aquifer at concentrations greater than its established 
FRL but is "Not considered mobile and persistent." This constituent is not predicted to be 
able to migrate vertically through the glacial overburden, reach the aquifer, and create an 
unacceptable risk. Background conditions and/or surface water infiltrations may be the cause 
of the isolated FRL exceedances noted in the historical record. 

<MP The constituent has not been detected in the aquifer at concentrations greater than its 
established FRL, but is considered both "Mobile and Persistent." This constituent is 
predicted to be able to migrate vertically through the glacial overburden to the aquifer (if no 
source removallcontrol actions are taken), but as yet has not caused exceedances of its 
established FRL. 

<N The constituent has not been detected in the aquifer at concentrations greater than its 
established FRL and is "Not considered mobile and persistent." 

If a new exceedance occurs in an aquifer zone for an FRL constituent, then the following criteria would 

trigger the need to re-categorize the constituent and increase its sampling frequency: 

0 For a <MP constituent, two consecutive FRL exceedances will result in re-categorization to a 
>MP constituent for the affected aquifer zone. An evaluation of each specific exceedance will be 
conducted to determine if re-sampling ahead of schedule is warranted. 

0 For a <N constituent, two consecutive FRL exceedances will result in re-categorization to a 
>N constituent for the affected aquifer zone. An evaluation of each specific exceedance will be 
conducted to determine if re-sampling ahead of schedule is warranted. 

A.4.1.2 Evaluation 

The criteria presented above were used to evaluate the non-uranium FRL constituents with exceedances in 

2002. Table A.4-1 lists the 2002 non-uranium FRL exceedances both inside and outside the 10-year, 

uranium-based restoration footprint and Figure A.4-1 identifies the location of these FRL exceedances. 

As indicated in Table A.4-1, eleven non-uranium FRL constituents had one or more FRL exceedances 

during 2002. As reported in Table A-2 of the IEMP, Rev. 2, of the 1 1  constituents identified in 

Table A.4-1, six (boron, molybdenum, nickel, nitratehitrite, technetium-99, and trichloroethene) have a 

"<" categorization in one or more aquifer zones. Correlation of the locations where the six constituents 

had exceedances in 2002 with the aquifer zones defined in the IEMP, Rev. 2, indicate that 

IwB-ANNua)2WPENDDoApP-AM4M4.Doc\May 2l. 2003 1209PM A.4-2 080266 
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these constituents are already categorized as ">" in all of the affected aquifer zones. Therefore, no 

constituents need to be recategorized from "<" to ">'I based on 2002 monitoring results. ' 
A.4.2 DETERMATION OF THE PERSISTENCE OF 2002 NON-URANIUM FRL EXCEEDANCES 

OUTSIDE THE 10-YEAR. URANIUM-BASED RESTORATION FOOTPRINT - 

The Restoration Area Verification Sampling Program Summary Report (DOE 1998) states that any 

FRL exceedance outside the 10-year, uranium-based restoration footprint at the property boundary during 

routine monitoring would also be evaluated for persistence. This evaluation is to be performed using the 

same conservative data evaluation method approved for the Restoration Area Verification Sampling 

Program, Project-Specific Plan (DOE 1997d) to determine if a change in the aquifer restoration remedy is 

required. This evaluation was expanded beginning with the 2000 Integrated Site Environmental Report to 

include all non-uranium FRL exceedances detected outside of the 1 0-year, uranium-based restoration 

footprint, not just those detected at the property boundary. This section presents an evaluation of the 

persistence of non-uranium FRL exceedances. 

A.4.2.1 Backmound 

Analytical data from samples collected immediately following an FRL exceedance are evaluated to 

determine if the detected exceedance is persistent. In accordance with the approved Restoration Area 

Verification Sampling method, if two or more consecutive sampling events following an FRL exceedance 

indicate that the concentration in question has decreased below the groundwater FRL, then the 

exceedance is not considered persistent. 

If an FRL exceedance detected outside the 10-year, uranium-based restoration footprint is determined not 

to be persistent, then no additional action is required above and beyond the routine groundwater 

monitoring specified in the IEMP, Rev. 2. If an FRL exceedance is determined to be persistent, then the 

cause of the persistent exceedance needs to be identified, and its impact on the aquifer remedy design 

assessed. Ultimately, the cause needs to be addressed either through a modification of the aquifer remedy 

or by other means as applicable. 

Results reported in Appendix A of the Restoration Area Verification Sampling Project-Specific Plan and 

the Restoration Area Verification Sampling Program Summary Report indicate that no persistent 

FRL exceedance was identified outside the 10-year, uranium-based restoration footprint. Evaluations for 

the IEMP began in 1997. This report PICKS UP where the evaluation left off at the end of 2001. 

I E M P - ~ W ~ W P E N D M - A ! J U ~ ~ . ~  22,2003 1209PM A.4-3 
000267 



4880 FCP-SER-02-FINAL 
Appendix A, Att. 4, Revision 0 

May 2003 

One possible persistent FRL exceedance was identified in 2001 that required additional data to be 

collected in 2002. The possible persistent FRL exceedance identified in the 2001 Site Environmental 

Report was zinc at Monitoring Well 205 1. The non-uranium FRL exceedances for 2002 along with the 

possible persistent exceedance identified in 200 1 are addressed below. 

A.4.2.2 Evaluation 

Figure A.4-1 and Table A.4-1 identify the 2002 non-uranium FRL exceedances. In 2002 four 

FRL constituents had one or more FRL exceedances at eight wells located outside the 10-year, 

uranium-based restoration footprint: 

0 

0 

0 

Arsenic at Monitoring Well 2636 
Lead at Monitoring Well 3067 
Manganese at Monitoring Wells, 22198,2424,2430,2432, and 2898 
Zinc at Monitoring Well 343 1. 

Table A.4-2 provides a summary of the 2002 FRL exceedances that occurred outside the 10-year, 

uranium-based restoration footprint. Table A.4-2 also addresses the possible persistent FRL exceedance 

identified in the 200 1 Site Environmental Report. If two or more sampling events immediately following 

an FRL exceedance indicate that the concentration decreased below the FIU, then the exceedance is 

identified as not persistent in Table A.4-2. As shown in Table A.4-2, no persistent FRL exceedances 

were identified outside the 1 0-year, uranium-based restoration footprint using groundwater data collected 

in 2002. 

The following is a summary of results presented in Table A.4.2: 

0 . Manganese at Monitoring Well 2432, identified as persistent in 2001 , had one exceedance in 
2002 and requires additional data to determine if it can be reclassified as non-persistent. 

0 The following FRL exceedances in 2002 were not persistent: 

- Lead at Monitoring Well 3067 
- Zinc at Monitoring Well 343 1 

0 The FRL exceedance recorded for zinc at Monitoring Well 205 1 in 200 1 was not persistent in 
2002. 

0 

. 
Additional data to be collected in 2003 are necessary to determine the persistence of the 
following exceedances detected in 2002: arsenic at Monitoring Well 2636, manganese at 
Monitoring Wells 22198,2424,2430, and 2898. Note that Monitoring Well 2424 was replaced 
by Well 22204 in 2003. Well 22204 is directly south of where Well 2424 was located. 

080268 
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Figures A.4-2 through A.4-10 present individual concentration versus time graphs for all monitoring 

wells and constituents identified above. @ 

A.4.2.3 Discussion 

The evaluation for persistence of non-uranium FRL exceedances detected in wells located outside the 

10-year, uranium-based restoration footprint in 2002 marks the sixth year that an evaluation has been 

conducted as part of the IEMP. Evaluating the data for persistence appears to be valuableforn tracking 

changing conditions outside the 1 0-year, uranium-based restoration footprint. 

A.4.3 NON-URANIUM FRL EXCEEDANCES FROM 1997 THROUGH 2002 

A revised groundwater monitoring approach for non-uranium FRL constituents was presented in the 

IEMP, Rev. 3 and implemented in January 2003. The new monitoring protocol was based on data 

collected under the IEMP through 2001. This section includes an evaluation of the additional data 

collected in 2002 (i.e., non-uranium exceedances) to ensure that the monitoring approach presented in the 

IEMP, Rev. 3 is still appropriate. 

In general, the new monitoring approach monitors semi-annually, in areas of concern, for constituents that 

have had FRL exceedances under the IEMP @e., 1997 through 2001). If a constituent has an exceedance 

in only one aquifer zone, then it is monitored in that zone. If a constituent has an exceedance in multiple 

aquifer zones, then it is monitored at the property/plume boundary. Table A.4-3 presents a summary of 

the zone/constituent monitoring approach provided in the IEMP, Rev. 3 (Le., Table A-3). In addition as 

identified in the IEMP, Rev. 3, in 2006 the entire list of constituents with FRLs will be sampled to ensure 

the overall tracking of the remedy progress and to determine if any changes to the remedy design are 

necessary. 

Table A.44 includes the background information for how Table A.4-3 was formulated. This table was 

also included in the IEMP, Rev. 3 (Table A-2) and has been updated with 2002 data. The first column of 

Table A.44 lists the groundwater FRL constituent. The second column identifies the well in which the 

exceedance occurred. The aquifer zone where the exceedance occurred is in column 3 and the sampling 

frequency is provided in column 4. The remainder of the columns shows monitoring years, divided into 

quarters. An “X” denotes exceedances in the quarter of the year in which the exceedance occurred. 

The density of “X’s” in the table for a given constituent and monitoring well provides an opportunity to 

visualize how often the constituent concentration has been detected above the groundwater FRL at that 

particular location. Even though a few of the exceedances were present one year, in subsequent years the a 
concentration was once again below the FRL. 
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The data presented in Table A.44 indicate that eight wells had new FRL exceedances in 2002. The eight 

wells and constituent exceedances are listed below: 

0 

0 

0 

0 

Lead at Monitoring Well 3067 
Manganese at Monitoring Wells 2898 and 22198 
Mercury at Monitoring Well 22206 
Nickel at Monitoring Well 2649 
Nitratehitrite at Monitoring Well 23064 
Zinc at Monitoring Wells 343 1 and 62433. 

Based on the monitoring approach presented in Table A.4-3, FRL exceedances for lead, manganese, 

nickel, and zinc have already been shown to occur in multiple aquifer zones. These four constituents are 

already being monitored at the property/plume boundary; therefore, no change to the monitoring program 

prescribed in the IEMP, Rev. 3 is required. 

The mercury exceedance at Monitoring Well 22206 is suspect, because of negative matrix spike/matrix 

spike duplicate (MSMSD) recoveries. In fact, the MSMSD (i.e., spiked samples) results were both far 

below the original sample result. That is, both spiked samples indicate not just low recovery, but negative 

recovery. This suggests that the original result of 0.0 167 mg/L may be biased high. Through 2002 this 

well was sampled for the on-site disposal facility on a monthly basis. There are seven sample results 

prior to June 2002 and five sample results after June 2002 and all have been not detectable. Because this 

well is already being monitored for the on-site disposal facility, no change to the monitoring program 

prescribed in the IEMP, Rev. 3 is required. 

With respect to the nitratehitrite exceedance at Monitoring Well 23064, it is very likely that this 

exceedance is not attributable to the Femald site. The exceedance at Monitoring Well 23064 was 

minimally above the F l U  (12.4 mg/L versus the 1 lmg/L FRL) and is south of the Femald site in an 

agricultural area. Nitratehitrite concentration levels at this well are thought to be influenced by 

agricultural activities. Prior to 2002, nitrateinitrite exceedances from samples collected under the IEMP 

have been limited to the waste storage area (Le., Zone 1). As per the IEMP, nitratehitrite will be 

monitored in 2006 in all zones. 
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A.4.4 CONCLUSIONS 

From the information provided in this attachment, the following conclusions can be made from review of @ 
the 2002 non-uranium FRL exceedance data: 

0 Re-categorization of FRL constituents (including all “<NY groundwater FRL constituents) is not 
required. 

There are no new persistent FRL exceedances outside the 1 0-year, uranium-based restoration 
footprint. A change in the design of the aquifer remedy to address the exceedance is not required 
at this time. 

0 Additional data are needed to verify whether or not arsenic and manganese exceedances are 
persistent. 

0 The monitoring approach presented in the IEMP, Rev. 3, is appropriate based on inclusion of 
2002 data. 
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TABLE A.4-2 

SUMMARY OF PERSISTENCE EVALUATION OF NON-URANIUM FRL EXCEEDANCES 
OUTSIDE TEE 10-YEAR, URANIUM-BASED RESTORATION FOOTPRINT 

Monitoring 2002 FRL Exceedance 
Constituent Well Pertinent 2001 Resuits* la Qtf  2"d Qtr 3d QtP 4" QtPb Evaluation Results for 2002 Figure No. 

Arsenic 2636 NA Yes No NS NS Additional DataRequired A.4-2 

Lead 3067 NA Yes No No NS Not Persistent A.4-3 

Manganese 22 198 NA No No Yes NS AdditionalDataRequired A.4-4 

2424 NA No No Yes NS Additional DataRequired' A.4-5 

No Yes No NS Additional DataRequired A.4-6 2430 

2432 Persistent No Yes No NS Additional DataRequired A.4-7 

2898 NA NS Yes NS NS Additional DataRequired A.4-8 

NA 

Zinc 205 1 4'hQuarter2001 No No No NS Not Persistent A.4-9 
FRL Exceedance 

Yes No No NS Not Persistent A.4- IO 343 1 NA 

WA = not applicable 
NS = not sampled for the quarter 
%ere are no fourth quarter results, because sampling at most locations is now semiannual. 
'This well is not scheduled for sampling as per IEMP, Rev. 3; however, Monitoring Well 22204, which is in the vicinity of this 
well, will continue to be monitored as part of the PropertyIPlume Boundary and OSDF monitoring programs. Therefore, 
manganese will be addressed in the area. 
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IEMP NON-URANIUM CONSTITUENTS WITH FRL EXCEEDANCES, 
LOCATION OF EXCEEDANCES, AND 
REVISED MONITORING PROGRAM 

Parameter Aquifer Zones with Exceedances Monitoring Program 

Antimony Multiple Zones PropertyPlume Boundary 

Arsenic Multiple Zones PropertyPlume Boundary 

Boron Aquifer Zone 2 (South Field) South Field 

Carbon Disulfide 

Fluoride Multiple Zones PropertyPlume Boundary 

Lead Multiple Zones PropertyPlume Boundary 

Manganese Multiple Zones' PropertyPlume Boundary, 
Waste Storage Area 

Molybdenum Aquifer Zone 1 (Waste Storage Area) Waste Storage Area 

Nickel Multiple Zones PropertyPlume Boundary 

Nitratemitrite Aquifer Zone 1 (Waste Storage Area) Waste Storage Area 

Technetium-99 Aquifer Zone 1 (Waste Storage Area) Waste Storage Area 

Trichloroethene Aquifer Zone 1 (Waste Storage Area) Waste Storage Area 

zinc Multiple Zones PropertyPlume Boundary 

Aquifer Zone 1 (Waste Storage Area) Waste Storage Area 

%ere are consistenthecent exceedances of manganese in Zone 1; therefore, this constituent will be monitored in the 
Waste Storage Area. 
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This section provides the 2002 results of the on-site disposal facilities leak detection monitoring program. 

The results of the 2002 monitoring indicate the liners for Cells 1,2, and 3 a11 appear to be performing 

within the specifications detailed in the on-site disposal facility design documents. There appears to be 

no impact to the perched water or Great Miami Aquifer from Cells 1,2, and 3. At this stage in the life of 

the on-site disposal facility, the LDS volumes, comparison of the constituent concentrations in the LCS, 

LDS and HTWs (Attachment A.5.2), and trending of the LDS data appear to be of most value in 

determining the integrity of the primary and secondary liners of the Cells. Based on 2002 leak detection 

flow monitoring data associated with the on-site disposal facility, the liner systems for Cells 4 and 5 are 

also performing within the specifications outlined in the approved cell design. 

The on-site disposal facility monitoring program fulfills two primary purposes: leak detection and 

leachate monitoring. It also meets the regulatory requirements for groundwater detection monitoring in 

the Great Miami Aquifer and perched groundwater system at the Fernald site. The On-Site Disposal 

Facility GroundwaterLeak Detection and Leachate Monitoring Plan (GWLMP) (DOE 1997c) presents 

the specific on-site disposal facility monitoring strategy for construction, closure, and post closure. The 

plan represents the first part of a three-tiered detection, assessment, and corrective action monitoring 

strategy required by EPA. 

The final anticipated facility dimensions are: capacity of 2.5 million cubic yards (yd3) (1.9 million cubic 

meters [m3]), maximum height of approximately 65 feet (fi) (20 meters [m]), and an estimated area 

coverage of 70 acres (28 hectares) of the northeastern area of the Fernald site. Protection of the 

Great Miami Aquifer and the overlying perched groundwater system includes the following measures for 

each of the eight anticipated cells: 

0 Leachate collection system (LCS) 
Leak detection system (LDS) 
Multi-layer composite liner system 

0 Multi-layer composite cap system. 

The LCS consists of a gravel layer installed beneath the waste to collect rainwater that comes in contact 

with the waste during cell construction and additional moisture that drains from the waste following 

capping. The LDS is located beneath both the LCS and the primary geosynthetic liner system and 

provides a mechanism for collecting and monitoring leakage from the on-site disposal facility prior to any 

releases to the environment. Both systems drain to the west and extend beyond the synthetic liner 

systems where they become accessible for monitoring through valve houses. Figure AS-1 depicts a cross 

@ 
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section of the liner system. Horizontal till wells (HTWs) are set beneath the compacted clay liner of each 

cell. These wells provide monitoring of the perched groundwater quality beneath the point where the 

leachate collection and leak detection system pipes exit the liner system. The Great Miami Aquifer is 

monitored via both an upgradient and a downgradient monitoring well for each cell. Figure AS-2 

identifies the well locations associated with the on-site disposal facility. 

Placement of contaminated soil and debris in Cell 1 concluded at the end of December 2000 (Cell 1 was 

100 percent full), and cap material was placed on Cell 1 through November 2001. Placement of 

contaminated soil and debris in Cell 2 concluded at the end of October 2002 (Cell 2 was 100 percent full). 

Soil and debris placement continued in Cell 3, and began in Cells 4 and 5 during 2002. At the end of 

December 2002, Cell 3 was approximately 5 1 percent full, Cell 4 was approximately nine percent full, 

and Cell 5 was approximately three percent full. Waste placement in Cells 4 and 5 was initiated in 

November 2002. Monitoring of the Cell 6 Great Miami Aquifer was initiated in December 2002. 

The following subsections provide information for Cells 1 through 6 where monitoring was conducted 

during 2002. Section A.5.1 focuses on Cells 1 through 3 post-baseline monitoring requirements and 

Section A.5.2 focuses on Cells 4 through 6 baseline information. Both post-baseline and baseline 

discussions have subsections pertaining to leak detection evaluation assessments and contain details on 

the following: 

0 Summary information and statistics 
0 

0 Annual LCS sample review 
0 HTW water yields 
0 

Great Miami Aquifer total uranium concentrations versus water levels and turbidity 

LCSLDS volume yields per cell. 

Section A.5.3 provides a discussion on the overall leachate collection system volumes and Section A.5.4 

provides information pertaining to the perched water level investigation. 

AS. 1 POST-BASELINE INFORMATION FOR CELLS 1 THROUGH 3 
During 2002 the technical memorandum for establishing baseline groundwater conditions for Cells 1 
through 3 was issued and approved by the EPA and OEPA. In accordance with OEPA regulations 
pertaining to groundwater monitoring at solid waste disposal facilities, data in the memorandum 
established initial groundwater conditions to be used against future sampling results as part of the leak 
detection data evaluation process. As part of the memorandum process, changes to the sampling protocol 
for Cells 1 through 3 were recommended. The new sampling protocol for these cells was approved and 
implemented in the second half of 2002. 

000.292 
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@ Post-baseline data evaluation and reporting requirements were also identified in the technical 
memorandum and are reported through the site environmental reports. Requirements consist of the 

2 * 

I ’ following: 

Control charts: Control charts will be updated annually as per Appendix C, Section C.3 of the 
technical memorandum (DOE 2002~). Additionally, both trend and serial correlation will be 
evaluated during the process of updating control charts. Results of these evaluations will be 
provided annually. The annual trendsherial correlation assessment will include the 13 well- 
constituent combinations that showed trends or serial correlation in the baseline data set (refer to 
Section 5.1 of the technical memorandum). Based on this assessment, control charts will be 
constructed for constituent-well combinations that no longer exhibit trend andor serial 
correlation. 

Constituent concentration comparisons: These graphical comparisons will be completed cell 
by cell for the HTW versus the LCS and LDS. The data used to generate these graphs (as well as 
the Great Miami Aquifer data) will be provided on the IEMP Data Information Site as it becomes 
available. 

‘> 
0 

0 HTW water yields over time: These graphs will be updated based on the water yielded prior to 
each of the quarterly sampling events and other well purging activities (i.e., purging to support 
liner construction on new cells). This is being done to watch for trends in the water yield which 
will be factored into the leak detection evaluation process. 

0 Great Miami Aquifer monitoring well water levels versus total uranium concentration: 
These graphical comparisons will be updated annually for each of Cell’s 1 through 3 up- and 
downgradient monitoring wells, based on the water levels and uranium results derived from the 
quarterly sampling events. Additionally, statistical analyses to determine the relationship 
between these two factors will be conducted annually. 

* 
0 Great Miami Aquifer monitoring well turbidity versus total uranium concentration: These 

graphical comparisons will also be updated annually for each of Cell’s 1 through 3 up- and 
downgradient Great Miami Aquifer monitoring wells, based on the water levels and uranium 
results derived from the quarterly sampling events. These graphs will provide information that 
will be used to determine whether filtered samples may provide more representative total uranium 
results. 

0 Cell-specific LCS and LDS volume yields: Weekly LDS accumulation rates compared to 
precipitation will be provided semi-annually and annually in the IEMP reports. Monthly LCS 
and LDS volumes compared to precipitation will be reported annually. The monthly LDS 
volumes will also be compared to waste placement volumes and reported annually. Monthly 
apparent liner efficiencies will be calculated and reported annually. 

A.5.1.1 sum mar^ Information and Statistics 
In 1997 groundwater sampling was initiated for Cells 1 and 2 and continued in 2002. Leachate collection 
and leak detection system monitoring began after waste’placement was initiated in 1998. Groundwater 
sampling for Cell 3 was initiated in July 1998 and continued in 2002. Sampling of the Cell 3 LCS was 
initiated in the fourth quarter of 1999, when the cell opened and waste placement began. In addition, the 
Cell 3 LDS was dry until 2002 and then sampling commenced (i.e., samples collected in August and 

@ 
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As identified above, one of the primary requirements of post-baseline evaluations is to update control 

charts. The use of control charts is a technique for monitoring the concentration levels of a constituent at 

a given well over time and visually and quantitatively assessing if there is a change from baseline 

conditions. Such intrawell comparisons eliminate the possibility of statistically significant differences 

falsely being attributed to contamination when in fact the differences are due to spatial variability 

between wells in different locations. Plotting repeated random samples over time develops control charts. 

These plots are compared to predetermined limits on a chart, with the “control limits” calculated from the 

mean and standard deviation of the baseline data set. 

There are many types of control charts. The control chart methodology employed in the technical 

memorandum (Appendix C) and in this report is the Combined Shewhart-CUSUM Control chart 

recommended for groundwater monitoring in “Statistical Analysis of Ground-Water Monitoring Data at 

RCRA Facilities - Interim Final Guidance” (EPN530-SW-89-026, February 1989) and the “Addendum 

to Interim Final Guidance” (EPA 1992). The Shewhart control limit (SCL) is used to identify individual 

values that are significantly deviant (“out of control”) while the CUSUM control limit (h) or the “decision 

internal value” is used to test the cumulated sum of the results. The CUSUM limit identifies when 

concentration levels in a system have drifted upward in excess of a statistically acceptable range. This is 

important, because frequently no individual value is too divergent; however, the overall trend may have 

increased from the original baseline condition. 

In order to update controls, guidelines outlined in Appendix C of the technical memorandum were 

addressed and the following criteria were performed: 

Criterion 1. Determine if any additional constituents (other than those charted as part of the technical 
memorandum) are detected 25 percent or more of the time. 

Criterion 2. Determine if the additional data (i.e., 2001 and 2002) can be added to the baseline data 
which went through 2000. 

Criterion 3. Implement data steps as identified in the technical memorandum - reduce data (i.e., 
standardize sample frequency), remove outliers, and perform trend and serial correlation analyses. 

Note: Sampling frequency for HTWs has become quarterly and therefore, sampling fiequency was 
accordingly standardized in order to test whether data sets could be combined (technical 
memorandum reflects bimonthly standardization for HTWs). 

As identified in the technical memorandum, four of the 16 constituents (i.e., total organic carbon, total 
organic halogens, boron, and total uranium) were detected more than 25 percent of the time. Evaluation 
of the data collected in 2001 and 2002, along with the overall data set, confirmed that no additional 
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constituents were detected at this frequency in the Great Miami Aquifer or HTWs. Therefore, only the - 
four constituents of interest were further evaluated per Criteria 2 and 3 above. 

Tables AS-1 and AS-2 present the information associated with these criteria for the HTWs and 
Great Miami Aquifer wells, respectively. Tables A.5-1 and AS-2 present information pertaining to 
baseline data, new data (i.e., 2001 and 2002), and overall (i.e., combined) data. If the data sets could not 
be combined based on statistical tests, then the tables identify which data set (i.e., baseline or 
post-baseline) had higher concentrations. Statistical tests, which were used to determine whether data sets 
could be combined, are described in Appendix B of the technical memorandum (Section B.l). The tables 
also present the overall trend for further leak detection evaluation. 

The four constituents of interest in the horizontal till and Great Miami Aquifer wells are the same 
constituents detected in at least 25 percent of the samples from the LCS and LDS. It should be noted that 
technetium-99 was also detected in more than 25 percent of the samples collected in the Cell 1 
LCS (12338C) with a maximum concentration around 18 pCi/L (Table A.5-3) and no significant trend. 
Technetium-99 has been detected at other locations across the on-site disposal facility; however, the 
percentage detected has been relatively low. Technetium-99 is not included in tables other than 
Table A.5-3 as other locations had samples with less than 25 percent detectable concentrations. The data 
associated with this constituent will continue to be evaluated and reviewed in the future. @ 
Additionally, per the new sampling protocol, if one of the 16 Constituents sampled in the LCS and LDS 
annual sampling round was detected, then confirmatory sampling would be conducted in the horizon 
where the constituent was detected. During 2002 the annual sampling round was conducted in May and 
the analyses indicated no detections of the 16 constituents - other than the four (Le., total organic carbon, 
total organic halogens, boron, and total uranium) already sampled quarterly. Therefore, no confirmatory 
sampling was necessary. 

Information pertaining to the LCS and LDS constituents of interest is presented in Tables A.5-3 
and A.5-4. Trend and concentration ranges are presented in these tables for the overall data set. Other 
factors such as data set combination tests and serial correlation were not performed for these locations. 
As identified in Section 3.1.6 of the technical memorandum, it was not necessary to perform these tests on 
the LCS and LDS, since these locations do not reflect groundwater conditions. Through review of the 
data, overall trend in the LCS and LDS has proven to be an important leak detection consideration and is 
therefore presented in Tables AS-3 and A.M. At this stage in the life of the on-site disposal facility, 
trends in the LDS are very important as the LDS layer is the first monitoring point where leakage through 
the primary liner may be seen. Evaluation and trending of LCS and LDS data is consistent with the text 
in Section 4.6 (Leak Evaluation Strategy) of the GWLMP, which identifies that trend and a holistic 
evaluation process should be performed as part of the leak evaluation strategy. 

@ 
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The following chart provides summary information associated with Tables AS-1 through A.54. This 
chart is similar to the one presented in Section 5.1 of the technical memorandum; however, it has been 
updated with the new data and overall trends for all horizons to allow for a holistic evaluation process. A 

"Yes" indicates that serial correlation and trend were absent and control charts have been and can be 
established. A "NO" indicates the presence of serial correlation and/or trend and that control charts were 
not or cannot be established. Trend analyses is summarized with Up, Down, or None. 

Summary of Constituent-Location Combinations 
Which Can Be Control-Charted and Associated Trends 

~~ 

Cell 1 Cell 2 Cell 3 
Constituent ma UGMA" DGMA' HlW' UGMA' DGMA" HTW" UGMA" DGMA' 
Total Organic Carbon 

Baseline Data Yes No No 
Overall Data No No No Yesb NO No No Yesb 
Overall Trend None Down Down None Down Down None None None 
LCSLDS Overall Trend Up/None None/Down None/Down 

Total Organic Halogens 
Baseline Data Yes No Yes Yes No No Yes Yes Yes 
Overall Data 
Overall Trend 

No No Yes Yes Yes Yes NA Yes NA 
None None None None None None None None None 

LCSLDS Trend UPNP None/None None/NA 

Boron 
Baseline Data No Yes Yes Yes Yes No No Yes No 

Overall Data NA Yes Yes NA Yes No No NA No 

Overall Trend Up None None Up None Up None Up UP 

LCSLDS Trend None/Down up/Down None/NA 

Total Uranium 
Baseline Data Yes Yes No Yes Yes No No No YeS 

Overall Data NA No NA NA Yes No NA NA No 

Overall Trend UP UP UP Up None None Up Up None 

LCSLDS Trend NoneMone up/Down Up/NA 

Highlighting indicates locations that have a maximum concentration greater than the associated LCS. 
Bold indicates the control chart to be used in the future. 

"HTW = Horizontal Till Well 
UGMA = Upgradient Great Miami Aquifer 
DGMA = Downgradient Great Miami Aquifer 
NA indicates that data sets could not be combined based on statistical tests. 
bStatistical evaluations have determined that data points, which were greater than the associated LCS during baseline, are 
now considered to be outliers; therefore, highlighting is no longer necessary. 
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The criteria for future control chartnimit usage are as follows: 

0 If Baseline was "Yes" and Combined is "No," then Baseline control chart will be used and 
updated with new information 

If Baseline was "Yes" and Combined is "Yes," then Combined data will be used to establish new 
limits 

0 

0 If Baseline was "No" and Combined is "Yes," then Combined data will be used to establish limits 

0 If Baseline was "NO" and Combined is "NO," then there is no control chart; however, overall 
trends will be reviewed with respect to leak detection evaluations. 

Based on the criteria and summary chart above: 

0 New control limits can be established for 12 constituent-well combinations based on overall data 
sets. 

Of the 25 constituent-well combinations where control limits could be established (based on 
baseline or overall data sets), six of the locations have a maximum constituent concentration 
greater than the associated LCS concentration for that cell. These six constituent-well 
combinations are highlighted in the table above. Of these six, two locations had outliers which, 
by being removed, cause maximum concentrations to no longer be greater than associated LCS 
concentrations (i.e., Cell 2 HTW [ 123391 - total organic carbon and Cell 3 DGMA [22204] - 
total organic carbon]). This condition makes these four constituent-well Combinations useless as 
leak detection indicators. Therefore, the associated control limits calculated in Attachment AS. 1 
for these four constituent-well combinations are not useable. 

Of the 36 constituent-well combinations, useable control limits could be established for 
2 1 constituent-well combinations. 

0 

- All control charts which are marked as "Yest' with respect to baseline data have been updated with 2001 

and 2002 data. These control charts reflect the limits established in the technical memorandum and are 

presented in Attachment A.5.1, Figures A.5.1-1 through A.5.1-33. For those constituent-well 

combinations in which control limits can be established based on the overall (i.e., combined) data sets, 

control charts are also provided in Attachment A.5.1, Figures A.5.1-34 through AS. 1-45. These control 

charts present the limits associated with the overall data sets. In addition, control charts for the LCS and 

LDS, which were provided in the technical memorandum, were also updated with new data. Although 

this step was not required, charts were updated for informational purpose (refer to Figures AS. 1-24 

through A.5.1-33). Preliminary statistics performed on LCS and LDS data also indicated that no new 

limits could be established based on the overall (i.e., combined) data sets. 
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Although new data have not allowed for all constituents to be control-charted, overall trends and data 

ranges from the combined data sets are additionally reviewed with respect to leak detection evaluation. 

Noteworthy information pertaining to control charts, limits, and/or trends includes: 

Uranium concentrations for HTWs 12338 and 12339 (Cell 1 and Cell 2, respectively) became 
“out of control” of the baseline control limits; however, concentrations continue to be low with 
maximum concentrations approximately 4 and 7 micrograms per liter ( p a ) ,  respectively 
(Figures AS. 1-3 and AS. 1-7, respectively). These concentrations reflect expected perched water 
concentrations and are indicative of the preexisting contamination levels at the Fernald site. The 
uranium data from the overlying LDS at these locations indicate no upward trends, further 
confirming the integrity of the primary liners for these two cells. 

All other constituent-location control charts established through baseline for horizontal till and 
Great Miami Aquifer wells continue to remain “in control.” 

For those constituents for which control charts could not be established, six constituent-location 
combinations indicate that concentrations are trending upward. These constituent-locations are as 
follows: 

- Boron at 12338 (Cell 1 - HTW) - Maximum concentration of 0.253 milligrams per liter 
( m a ) .  The LCS maximum concentration is 2.8 mg/L and overall LCS concentrations 
exhibit no trend. The overall LDS trend is downward. The groundwater FRL is 0.33 mg/L. 

Boron at 22199 (Cell 2 - DGMA) - Maximum concentration of 0.0579 m a .  The HTW for 
Cell 2 has a maximum concentration of 0.055 mg/L and the LCS has a maximum 
concentration of 2 m a .  The overall trend of LCS concentrations is upward and the 
LDS concentrations exhibit a downward trend. 

- @ 

- Boron at 22204 (Cell 3 - DGMA) - Maximum concentration of 0.09 m a .  The HTW for 
Cell 3 has a maximum concentration of 0.2 m a  with overall concentrations having no trend. 
The LCS has a maximum concentration of 2 mg/L and overall concentrations exhibit no 
trend. The LDS has been dry most of the time and there are not enough samples to perform 
trend analysis. 

- Total uranium at 22198 (Cell 1 - DGMA) - Maximum concentration of 8 pg/L, which is 
indicative of the preexisting contamination levels at the Fernald site. The maximum 
HTW (Cell 1 - 12338) concentration is 4 pg/L and concentrations exhibit an upward trend. 
The LCS and LDS concentrations exhibit no trends with respect to uranium. 

- Total uranium at 12340 (Cell 3 - HTW) - Maximum concentration of 25 p a ,  which is 
indicative of the preexisting contamination levels at the Fernald site. The maximum 
LCS (12340C) concentration is 84 p a  and concentrations exhibit an upward trend. As the 
LDS has been dry most of the time, there are not enough samples to perform trend analyses. 

- Total uranium at 22203 (Cell 3 - UGMA) - Maximum concentration of 8 p a ,  which is 
indicative of the preexisting contamination levels at the Fernald site. As identified above the 
associated LCS has concentrations, which exhibit an upward trend and no trend analyses 
were performed for the LDS, as stated above. e 

0 All limits based on updated informational control charts for the LCS and LDS (including 
technetium-99 for 12338C) continue to remain “in control.” 
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@ As anticipated, on-site disposal facility area preexisting contamination in the perched groundwater and in 

the Great Miami Aquifer has complicated the establishment of a statistical measure for baseline and 

post-baseline groundwater conditions at Cells 1 , 2, and 3. Therefore, in addition to statistical analyses, 

supplemental assessments, which are identified above and in the technical memorandum 

(e.g., concentrations versus time plots), were performed and are presented below. 

Attachment A.5.2 provides concentrations versus time plots for the four constituents of interest for the 

HTWs, LCS, and LDS (refer to Figures A.5.2-1 through A.5.2-13). Additionally, a figure for 

technetium-99 is provided for Cell 1 (refer to Figure A.5.2-5). The following are general conclusions 

which can be made from the figures: 

0 For Cell 1, LCS concentrations are generally higher than LDS and the LDS is generally higher 
than the HTW concentrations. For boron the LCS is much higher than both the LDS and the 
HTW. In years prior to 2002, the boron concentrations in the LDS have generally been higher 
than the HTW. However, in 2002 the boron concentrations in the LDS and HTW are very similar 
in the third and fourth quarter samples. 

For Cell 2, concentrations for total organic carbon and total organic halogens are similar for the 
three horizons, and LCS concentrations for boron and uranium tend to be higher than LDS and 
the LDS is generally higher than the HTW concentrations. Note that the total organic carbon 
concentrations in the HTW and the upgradient Great Miami Aquifer monitoring well have been 
greater than LCS concentrations as identified in the summary chart above. 

0 For Cell 3, concentrations for total organic carbon and total organic halogens are similar for the 
three horizons, and LCS concentrations for boron and uranium tend to be higher than LDS and 
HTW concentrations. Note that the Cell 3 LDS has been dry prior to 2002 and only had 
sufficient water for sampling in the third and fourth quarters of 2002. 

A.5.1.2 Great Miami Aauifer Total Uranium Concentration Versus Water Level and Turbidity 

Attachment A.5.3 presents the information pertaining to uranium concentrations and water levels. This 

attachment includes water level and uranium concentration versus time plots, water levevtotal uranium 

regression analysis plots, and trend comparisons. The information presented is similar to that presented in 

Appendix D of the technical memorandum. 

As identified in the weekly conference call (October 14,2002) facsimile, statistical analysis on water 

levels/uranium concentrations will be performed on a list of 15 wells. This analysis, including trend 

comparisons, was performed for all on-site disposal facility Great Miami Aquifer wells (discussion on 

Cells 4 and 5 is in Section A.5.2.2). Trend analyses for Cells 1 through 3 (as provided in 

Attachment A.5.3, Table A.5.3-1) indicate there is an inverse relationship between water levels and 

uranium concen.trations (i.e., groundwater elevations are decreasing as uranium concentrations are 

e 
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increasing). The technical memorandum had the same conclusion with respect to on-site disposal facility 

monitoring wells. Trend analysis was also performed on nine wells, which are monitored as part of the 

site-wide groundwater program. Information pertaining to these wells is presented and discussed in 

Attachment A.2 of this report. 

~~~ -~ ~~~ 
_ _ ~  

The total uranium concentrations versus time plots for the Great Miami Aquifer wells were also compared 

to the pre-sample turbidity results. This was completed because turbidity has been shown to affect 

monitoring well total uranium concentrations in other areas of the site. Additionally, the technical 

memorandum identified this assessment would be performed. Figures presented in Attachment A.5.4, 

Figures A.5.4-1 through A.5.4-6 indicate that there is no strong consistent visual correlation of turbidity 

with total uranium results in the vicinity of the on-site disposal facility. 

AS. 1.3 Annual LCS SamDle Review 

A sample is collected annually and analyzed for 67 additional constituents (general'chemistry, inorganic, 

and organic) from Ohio Administrative Code 3745-27-10, Appendix I, to determine if the constituents 

analyzed quarterly are sufficient for leak detection purposes. This monitoring is identified in the 

GWLMP. As noted in the plan, new indicator constituents are to be added to the quarterly monitoring list 

i f  1) concentrations observed in the annual sample are much higher than the perched water 

concentrations at the Fernald site; and 2) routine analysis of the constituent can significantly enhance the 

early detection capability. 

The annual LCS samples in 2002 for Cells 1 through 3 were collected in May. With the exception of 

thallium (Cells 1 and 2), all detected constituent concentrations found in the annual leachate sample from 

these cells were within the range of Femald site perched water constituent concentrations as defined in the 

Remedial Investigation Report for Operable Unit 5 (DOE 1995). Due to infrequent detection of thallium 

in the Operable Unit 5 Remedial Investigation perched water data set (4 detects out of 192 analyses) 

thallium is not considered to be a valuable leak detection indicator, and therefore will not be added to the 

routine sampling program for all leak detection sampling points. However, thallium will continue to be 

monitored in the annual leachate samples. During November 2002, pre-waste placement sampling was 

conducted for the Cells 4 and 5 LCS. The results of this sampling indicated relatively high concentrations 

of sulfate in the LCS water prior to waste placement, thereby indicating a sulfate source (gypsum) in the 

gravel comprising the LCS layer. Due to sulfate's high mobility, and the presence of an ongoing source 

in the LCSLDS layers it has been added to the leak detection sampling program in 2003. Based on the 

results of the 2002 annual LCS sampling, no other changes to the quarterly monitoring list are required. 
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A.5.1.4 HTW Water Yields 

The purge volumes for the Cells 1 through 3 HTWs are displayed in Attachment ASS,  Figures A s s - 1  @ 
through ASS-3 for all years in which data has been collected through 2002. Cells 1 through 3 wells were 

each purged four times during 2002 in February, May, August, and November. The average purge 

volume for Cell 1 was 1,015 gallons with a total volume of 4,060 gallons. The average purge volume for 

Cell 2 was 906 gallons with a total volume of 3,625 gallons. The volumes associated with Cells 1 and 2 

are consistent with the purge volumes observed in 200 1. The average purge volume for Cell 3 was 300 

gallons with a total volume of 1,200 gallons. These values are slightly higher but generally consistent 

with the purge volumes observed in 200 1. The significantly lower purge volumes from Cell 3 compared 

to Cells 1 and 2 reflect the lower perched water level beneath Cell 3. 

AS. 1.5 LCSLDS Volume Yields Per Cell 

Quantitative measurement of the volumes accumulating and pumped from the Cells 1 and 2 leak detection 

monitoring system was initiated in May 1999 and from Cell 3 in October 1999. This was accomplished 

by installing a water level probe attached to a data logger in the primary containment vessel, which 

measured and recorded water levels on an hourly basis. On a weekly basis, the water level data are 

downloaded and converted into a volume based on the tank manufacturer's design specifications for the 

LCS and LDS tanks. These data are used to determine accumulation rates and the monthly volumes 

accumulated in each tank. 

@ 

The total volume accumulated in the Cell 1 LDS tank for 2002 was 1,417 gallons, which is more than the 

97 1 gallons that accumulated in 200 1. The total volume accumulated fiom the Cell 2 LDS tank for 2002 

was 224 gallons, which is much less than the 1,164 gallons that accumulated in 2001. The total volume 

accumulated from the Cell 3 LDS tank for 2002 was 73 gallons. Prior to 2002 no water had accumulated 

from the Cell 3 LDS. 

Attachment A.5.6 (Figures A.5.6-1 through A.5.6-9) provides accumulation rates for the Cells 1 

through 3 LDS. LDS accumulation rates are displayed weekly for 2002 in Attachment A.5.6 

(Figures A.5.6-1 through A.5.6-3) and for all years in which data has been collected in Figures A.5.64 

through A.5.6-6 for Cells 1 through 3, respectively. Precipitation amounts corresponding to each 

accumulation period are displayed to determine whether a correlation exists between precipitation and the 

LDS accumulation rate. Based on a review of the figures, it does not appear that there is a strong 

correlation between precipitation and the cell LDS accumulation rates. 
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Figures A.5.6-7 through A.5.6-9 show Cells 1 through 3 LDS monthly accumulation rates versus waste 

placement volume. The LDS volumes in Cell 1 appear to be trending downward throughout 2002 with 

the exception of the last week ending on January 1,2003. The average Cell 1 LDS accumulation rate for 

the year was 0.61 gallons per acre per day (gpad), which is higher than the 2001 average rate of 

0.47 gpad, which in turn was twice the 2000 average rate of 0.19 gpad. The average LDS accumulation 

rate for the year in Cell 2 was 0.1 gpad, which is lower the 2001 average rate of 0.54 gpad. The average 

LDS accumulation rate for the year in Cell 3 was 0.06 gpad. 

The On-site Disposal Facility Final Design Calculation Package (DOE 1997b) concluded that an initial 

response leakage rate for individual cells would be 20 gpad. The following are the 2002 maximum 

LDS accumulation rates for Cells 1 through 3: 

Cell 1 - 1.12 gpad which is 5.6 percent of the initial response leakage rate 
Cell 2 - 0.3 gpad which is 1.5 percent of the initial response leakage rate 
Cell 3 - 0.25 gpad which is 1.25 percent of the initial response leakage rate. 

These rates indicate that the liner systems for these cells are performing well within the specifications 

outlined in the approved cell design. Over time, with the capping and closure of the cells, the water yield 

from each cell’s LDS is expected to diminish. The volume of water removed from each cell’s LDS will 

continue to be closely tracked to determine if the primary liner system continues to perform as expected. 

* 
Cell-specific apparent liner hydraulic efficiencies can be calculated via the following equation: 

[ 1 - (vo l~~o1 , s ) ]  x 100 

Apparent liner hydraulic efficiency is a measure of how a particular cell’s liner is performing but 

considers all the LDS volume to be leakage through the primary liner, which is not always the case. In 

the EPA Report of 1995 Workshop on Geosynthetic Clay Liners, Appendix F (EPA 1995), several 

sources of flow from leak detection layers are identified. These sources include: 

0 Top liner leakage 
0 

0 Consolidation water 
0 Water from groundwater infiltration. 

Construction water and compression water 

Given the chemical differences in the waters found in the LCS and LDS for Cells 1,2, and 3 it is apparent 

that top liner leakage is not the sole source of the water yielded from their LDS layers. Nonetheless, 

monthly apparent liner efficiencies are a valuable parameter to track over time, and will be calculated as 

cell-specific LCS volumes become available. Reasonably reliable cell-specific LCS volumes became 
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available in 2002 for Cells 1 and 2 when the LCS flows from these two cells slowed to a rate that could be 

metered through the LCS tanks for these Cells. The resultant monthly apparent liner efficiencies for these 

cells ranged as follows: Cell 1 - 96.5% (January) to 98.2% (November) and Cell 2 - 99.3% (August) to 

100% (February through May). 

* 
AS. 1.6 Conclusions 

Based on the information provided in the previous subsections, during 2002 the liners for Cells 1 , 2, and 3 

all appear to be performing within the specifications detailed in the on-site disposal facility design 

documents. There appears to be no impact to the perched water or Great Miami Aquifer from Cells 1,2, 

and 3. At this stage in the life of the on-site disposal facility; the LDS volumes, comparison of the 

constituent concentrations in the LCS, LDS, and HTWs (Attachment A.5.2); and trending of the LDS data 

appear to be of most value in determining the integrity of the primary and secondary liners of the cells. 

While the statistical analyses of the groundwater data is being performed to comply with OEPA solid 

waste landfill monitoring regulations, these analyses appear to be of very limited value to the leak 

detection program at this time. Given the limited value of the statistical analyses of the groundwater data, 

further refinement of the post-baseline leak detection data evaluation process is recommended. DOE will 

discuss potential refinements with EPA and OEPA in 2003. @ 

A.5.2 BASELINE INFORh4ATION FOR CELLS 4 THROUGH 6 

At the end of 2002, Cell 4 was approximately nine percent full, and Cell 5 was approximately 

three percent fill. Waste placement in Cells 4 and 5 was initiated in November 2002. Based on 2002 

leak detection flow monitoring data associated with the on-site disposal facility, the liner systems for 

Cells 4 and 5 are performing within the specifications outlined in the approved cell design. 

A.5.2.1 Summary Information and Statistics 

In 2002 baseline sampling for Cells 4 and 5 continued, and sampling for Cell 6 was initiated in 

December 2002 from the Great Miami Aquifer wells. The downgradient Great Miami Aquifer 

Monitoring Well 22205 for Cell 4 was installed in August 1999. The Cell 4 upgradient Great Miami 

Aquifer Monitoring Well 22206 was installed in October 2001. These wells were sampled for baseline 

conditions starting in November 2001. The Cell 4 HTW 12341 was installed in January 2002 and 

baseline sampling commenced in February 2002. The Cell 5 up- and downgradient Great Miami Aquifer 

Monitoring Wells 22207 and 22208, respectively, were installed in October 2001 and were sampled for 

baseline conditions starting in November 2001. The Cell 5 HTW 12342 was installed in February 2002 e 
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- e and baseline sampling commenced in February 2002. As identified above, the Cell 6 Great Miami 

Aquifer wells were sampled once in December 2002. 

Tables A 5 5  through AS-7 present the analytical information pertaining to Cells 4 through 6. These 

tables include overall sample numbers, number of detections, and sample ranges. Trend analysis prior to 

establishment of baseline is and has been performed solely on the LCS and LDS samples; however, at the 

end of 2002 there were not enough samples collected from the Cells 4 and 5 LCS and LDS for trend 

analysis. 

It is important to note that all sample results from Cells 4 through 6 were below groundwater FRLs, with 

the exception of mercury at Monitoring Well 22206 (Cell 4 - UGMA). As identified in Attachment A.4 

of this report, the mercury exceedance in June 2002 of 0.0167 mg/L (FRL is 0.002 mg/L) is suspect 

because of negative matrix spike/matrix spike duplicate recovery, which might, in turn, bias the 

monitoring well result on the high side. 

A.5.2.2 Great Miami Aquifer Total Uranium Concentration Versus Water Level and Turbidity 

As identified in Section AS. 1.2, Attachment A.5.3 presents the information pertaining to uranium 

concentrations and water levels. This information consists of water level and uranium concentration 

versus time plots, water 1eveVtotal uranium regression analysis plots, and trend comparisons. Trend 

analyses for Cells 4 and 5 (as provided in Attachment A.5.3, Table A.5.3-1) indicate that there is an 

inverse relationship between water levels and uranium concentrations (i.e., groundwater elevations are 

decreasing as uranium concentrations are increasing). It is important to note that data collected from 

Cells 4 and 5 are based on a relatively short time period (i.e., late 2001 through 2002); whereas data from 

Cells 1 through 3 are from 1997 through 2002. Trend analyses on water levels and uranium 

concentrations will continue to be reviewed to see if additional data support the findings based on the 

limited data sets. 

Additionally, total uranium concentrations versus time plots for the Great Miami Aquifer wells were also 

compared to the pre-sample turbidity results (refer to Attachment A.5.4). Review of Figures A.5.4-7 

through A.5.4-12 indicates that there may be some correlation of turbidity with total uranium results in 

the vicinity of the on-site disposal facility. As stated above, it is difficult to determine the correlation at 

this time based on limited data. 
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A.5.2.3 Annual LCS Samde Review 

Samples from Cells 4 and 5 LCS to be annually analyzed for 67 additional constituents from Ohio 

Administrative Code 3745-27-10, Appendix I will be collected in 2003 as per GWLMP requirements. 

These samples are evaluated to determine if the constituents analyzed quarterly are sufficient for leak 

detection purposes. 

A.5.2.4 HTW Water Yields 

Cell 4 HTW (12341) purge volumes are displayed in Attachment ASS,  Figure A.5.5-4 for 2002. The 

well was purged 48 times from February 2002 through November 2002. The average monthly purge 

volume was 2,3 14 gallons with a total volume of 20,825 gallons. Cell 5 HTW (12342) purge volumes are 

displayed in Attachment ASS, Figure A.5.5-5 for 2002. The well was purged 52 times from 

February 2002 through November 2002. The average monthly purge volume was 3,5 1 1 gallons with a 

total volume of 35,110 gallons. The large number of purges for both these wells was required to help 

remove perched water and infiltrating surface water to support construction of the liners for these cells. 

A.5.2.5 LCS/LDS Volume Yields Per Cell 

The total volume accumulated from the Cell 4 LDS tank for 2002 was 19 gallons and the total volume 

accumulated from the Cell 5 LDS tank for 2002 was 40 gallons. Attachment A.5.6, Figures A.5.6-10 

through A.5.6-15 provide accumulation rates for Cells 4 and 5 LDS. LDS accumulation rates are 

displayed weekly for 2002 in Figures A.5.6-10 and A.5.6-11 and monthly in Figure A.5.6-12 

and A.5.6-13. Precipitation amounts corresponding to each accumulation period are displayed to 

determine whether a correlation exists between precipitation and the LDS accumulation rate. Based on a 

review of the figures, there is insufficient data to determine if a correlation exists between precipitation 

and the Cells 4 and 5 LDS accumulation rates. 

The average Cell 4 LDS accumulation rate for the year was 0.68 gpad. Figure A.5.6-14 shows 

Cell 4 LDS monthly accumulation rates versus waste placement volume. The average Cell 5 LDS 

accumulation rate for the year was 0.13 gpad. Figure A.5.6-15 shows Cell 5 LDS monthly accumulation 

rates versus waste placement volume. 
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The On-site Disposal Facility Final Design Calculation Package (DOE 1997b) concluded that an initial 

response leakage rate for individual cells would be 20 gpad. The following are the 2002 maximum 

accumulation rates for Cells 4 and 5: 

0 Cell 4 - 4.7 gpad which is approximately 23.5 percent of the initial response leakage rate 
Cell 5 - 0.87 gpad which is 4.35 percent of the initial response leakage rate. 

This indicates that the liner systems for these cells are performing well within the specifications outlined 
in the approved cell design. Over time, with the capping and closure of the cell, the volume of water 
removed from the LDS is expected to diminish. The volume of water removed from the LDS will 
continue to be closely tracked to determine if the primary liner system continues to perform as expected. 

A.5.3 LEACHATE COLLECTION SYSTEM VOLUMES 
Leachate volumes are measured at a meter located within the on-site disposal facility leachate conveyance 
system at a manhole near the Bio-Surge Lagoon. Leachate is derived from precipitation and use of dust 
suppression water on the active cells. In addition to leachate from active cells, the volumes measured 
include water pumped from the LDS tanks from each cell. . The LDS flows are subtracted from the total 
meter reading at the Bio-Surge Lagoon to obtain a leachate volume measurement that represents the 
collective leachate volume from all on-site disposal facility cells containing waste materials. 

The volume of precipitation that fell on the active Cells in 2002 was approximately 19.7 million gallons. 
As noted above, another source of water that generates leachate is the dust suppression water procured 
from any of four construction or production wells. In 2002 a total of 59.3 million gallons were pumped 
from these wells, an undefined portion of which was used as dust suppression water on Cells 1 through 5. 

Leachate from Cells 1 through 5 contributed to the leachate volumes measured during 2002. Leachate 
was collected from Cells 1 through 3 for the entire year while leachate from Cells 4 and 5 was only 
collected in November and December since waste placement did not begin in these two cells until 
November. In 2002 approximately 10.7 million gallons of leachate were collected and pumped to the 
Bio-Surge Lagoon for subsequent treatment at Phase II of the advanced wastewater treatment facility. 
This leachate volume represents about 54 percent of the precipitation that fell on the active cells. The 
remainder of the precipitation evaporated or was retained in the waste material. Figure A.5.6-16 provides 
monthly LCS to BSL flow volumes for 2002 and all years in which data has been collected. Precipitation 
amounts corresponding to each accumulation period are displayed to determine whether a correlation 
exists between precipitation and the LCS accumulation rate. As presented in Figure A.5.6-16, leachate 
volumes fluctuated throughout the year but generally correlate to precipitation. These fluctuations are 
expected during the active waste placement period of the on-site disposal facility, which occurs prior to 
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a final capping. The leachate volumes during this period primarily reflect the amount of precipitation that 
falls on the active cells and is subsequently collected in the leachate collection systems. As the cells are 
capped, the leachate volume from the capped cells is expected to stabilize and diminish over time. 

A.5.4 PERCHED WATER LEVEL INVESTIGATION 
Monitoring of the HTW water levels was initiated in February 2002 for the Cells 1,2, and 3 and in 
March 2002 for the Cells 4 and 5. The water levels are measured and stored electronically on an hourly 
basis and are being reviewed monthly. The purpose of this monitoring is to determine if the perched 
water levels beneath the cells are high enough to come in contact with the secondary liner of the cells. 
Attachment A.5.7 provides water level graphs for the HTWs (refer to Figures A.5.7-1 through A.5.7-5). 

Based on this monitoring it appears that, at certain times of the year, perched water levels may be high 
enough to come in contact with portions of the liners beneath Cells 1 and 5. Specifically, from review of 
the graphs, it appears that at times the perched water levels in the area of Cells 1 and 5 are directly in 
contact with the associated liners. This information is important to the on-site disposal facility leak 
detection program because it indicates that perched water may be a source for flow into the Cell 1 and the 
Cell 5 LDS layer. The high perched water levels in the vicinity of cells, and their implications, have been 
discussed periodically with EPA and OEPA during the weekly teleconferences and during site 
visitslmeetings. 

In addition to the water level monitoring being conducted in the HTWs, four Type 1 wells (13249, 13250, 
13251, and 13252) were installed around Cell 1 in early April (refer to Figure A.5-3). A fifth 
well (13261) was installed in early June (refer to Figure A.5-3). These wells were installed to evaluate 
perched water levels around the cell with respect to those found in the HTW for Cell 1 (Well 12338), and 
to provide a basis of comparison to the liner elevations for Cell 1. They are being monitored in a manner 
consistent with that described above for the HTWs. Attachment A.5.7 presents water level graphs for 
these Type 1 wells (refer to Figures A.5.7-6 through A.5.7-10). 

As discussed during the weekly teleconference on April 30,2002, water level monitoring in these wells 
indicates that perched water in the vicinity of Cell 1 is, at times, high enough to come in contact with 
portions of the secondary liner for Cell 1. This is indicated by the graphs provided in Attachment A.5.7. 
Based on the water level monitoring results, plans are being developed to lower the perched water levels 
on the north side of Cell 1 by improving the drainage channeldditches in that area. The design for 
improvements is scheduled to be completed in July 2003 and construction is to be completed in late 
summer 2003. Additionally, perched water levels will continue to be monitored to detennine if additional 
engineered controls are required. 

808307 
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TABLE A.5-3 
=- 4 8 8 0  

FREQUENCY OF OVERALL CONSTITUENT DETECTIONS, RANGE, AND TREND FOR 

LEACHATE COLLECTION SYSTEM 
CELLS 1 9 2 ,  & 3 OF THE ON-SITE DISPOSAL FACILITY 

~ 

Number of Samples with 
DetectionsNumber of Samples 

(Yo) 

Cell 1 - 12338C (m@) (mi&) 

Statistics for summa;r A 0  DataSet 
Total ata 

Constituent s e 9  ADRC A O R ~  Minimum' Maximum Trend' 

Total Organic Carbon 18/20 18/20 17/19 ND 51.8 Up, Significant 

Total Organic Halogens 18/20 18/20 18/20 ND 1.52 Up, Significant 
(90) (90) (89) 

(90) (90) (90) 

Boron 21/21 20120 20120 0.0642 2.8 No Significant Trend 

No Significant Trend Technetiurn-9g6 5/18 5/18 511 8 18.28 

(Pg/L) (Pi&) 

(100) ( 100) ( 100) 

(28) (28) (28) 

( P g )  @ C W  

Uranium, Total6 19/20 19/20 19/20 ND 142.186 No Significant Trend 
(95) (95) (95) 

Cell 2 - 12339C (mg/L) (mgn) 

(65) (65) (65) 
Total Organic Carbong 11/17 11/17 11/17 ND 6.25 No Significant Trend 

Total Organic Halogensg 5/17 511 7 511 7 
(29) (29) (29) 

ND 0.0576 No Significant Trend 

Boron 1711 8 17/17 17/17 0.207 2.07 Up, Significant 
(94) ( 100) ( 100) 

Total Organic Carbon6 9/14 9/13 8/12 
(64) (69) (67) 

ND 3.19 No Significant Trend 

Total Organic Halogen 3/14 2/13 2/13 ND 0.141 No Significant Trend 
(21) (15) (1 5) 

Boron6 14/15 13/14 13/14 
(93) (93) (93) 

ND 2.25 No Significant Trend 

Up, Significant 
(P&) (Pa) 

Uranium, Total 14/14 13/13 13/13 9.348 1 83.7 
(100) (100 (100) 

"Ifthere was more than one result per day (e.g., a duplicate sample), then only the maximum sample concentdon was counted. 
"Rejected data qualified with either an R or Z were not counted. 
'ADR = After Data Reduced. Data were reduced to one result for every two months. 
dAOR = After Outliers Removed. Dixon's test was used to remove outliers at a pvalue of 2 percent. 
'ND = not detected 
'Mann-Kendall test for trend. There must be at least four samples in order to perform trend analysis. 
BControl charts were established in the technical memorandum 

a 
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TABLE AS-4 4 8 8 0  
FREQUENCY OF OVERALL CONSTITUENT DETECTIONS, RANGE, AND TREND FOR 

CELLS 1 & 2 OF THE ON-SITE DISPOSAL FACILITY LEAK DETECTION SYSTEM 

Number of Samples with 
DetectionsMumber of Samples Summary Statistics for 

(%) AOR Data Set 
Total Data 

Constituent SePb ADR' A O R ~  Minimum' Maximum Trend' 
Cell 1 - 12338D ( m a )  ( m a )  

(84) (84) (83) 
Total Organic Carbone 16/19 16/19 15/18 ND 15.7 No Significant Trend 

Total Organic Halogensg 1511 9 15/19 1511 9 ND 0.361 Up, Significant 
(79) (79) (79) 

Boron 16/19 18/19 1711 7 0.197 0.321 Down, Significant 
(84) (95) ( 1 00) 

( P a )  ( P a )  
Uranium, Totale 19/19 19/19 19/19 1.5 23.2 No Significant Trend 

( 1 00) ( 100) ( 1 00) 

Cell 2 - 12339D (mg/L) ( m a )  

(82) (82) (82) 
Total Organic Carbon 14/17 14/17 14/17 ND 26.1 Down, Significant 

Total Organic Halogensg 6/17 6/17 611 7 ND 0.069 No Significant Trend 
(35) (35) (35) 

Boron 

Uranium, Total 

17/17 17/17 17/17 0.289 2.22 Down, Significant 
( 100) ( 100) (100) 

( P a )  ( P a )  
8.69 71 Down, Significant 

Note: Cell 3 Leak Detection System (1 23401)) has been dry in previous years; however, a sample was collected in August and 
November of 2002. 

'If there was more than one result per day (e.g., a duplicate sample), then only the maximum sample concentration was counted. 
kejected data qualified with either an R or z were not counted. 
'ADR = After Data Reduced. Data were reduced to one result for every two months. 
dAOR = Mer Outliers Removed. Dixon's test was used to remove outliers at a pvalue of 2 percent. 
%ID = not detected 
'Mann-Kendall test for trend. There must be at least four samples in order to perform trend analysis. 
BControl charts were established in the technical memorandum 
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FCP-SER-02 FINAL 
Appendix A, Att. AS,  Revision 0 

May 2003 
- 

TABLE AS-7 4 8 8 0  

ON-SITE DISPOSAL FACILITY CELL 6 DATA SUMMARY FOR CONSTITUENTS 
DETECTED THROUGH 2002 

Note: Non-italicized pertains to total number of samples (including 2002 samples). 
Italicized, bold pertains to 2002 samples only. 

Great Miami Aquifer 

Constituent UpgradientbGae (22209) DowngradientbqGae (22210) 
(FRL)p 

No. of No. of 
Samples with Samples with 

Detections Range Detections Range 
No. of Samples No. of Samples 

01 1 ND o/ 1 ND Total Organic Carbon 

WAC m a )  O/I ND O/l ND 

Trend NA NA 

Total Organic Halogens 01 1 ND o/ 1 ND 
WAC mg/L) O/l ND O/l ND 

NA 'a Trend NA 

Boron 1/1 0.035 1 1/1 0.0349 
(0.33 m a )  l / l  0.0351 I/l  0.0349 
Trend NA NA 

Mercury 01 1 ND o/ 1 ND 
(0.0020 m@) O/l ND O/l ND 
Trend NA NA 

Technetium-99 01 1 ND 1/1 6.61 
(94.0 pCin) 011 ND l / l  6.61 
Trend NA NA 

Total Uranium 1/1 0.407 1/1 0.447 
(20 Pg/L) l / l  0.407 l / l  0.447 

Trend NA NA 

"From Operable Unit 5 Record of Decision, Table 9-4. 
?f there was more than one sample result per day (e.g., a duplicate sample), 
only the maximum sample concentration was counted and compared to the FRL. 
%ejected data qualified with either an R or Z were not used in this comparison. 

%A = not applicable 
@ dND = not detected 

IEMP-ANNU002WPENDWP-AW.tXXlMuy 27.2003 1052Ahf AS-33 880323 
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ATTACHMENT A.5.2 

HTW, LCS, AND LDS CONCENTRATION PLOTS 
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ATTACHMENT A.5.3 

URANIUM CONCENTRATIONS AND WATER LEVEL COMPARISONS 

000387 



FEMP-SER-02-FINAL 
Appendix A, AB. 5.3, Revision 0 

May 2003 

TABLE A.5.3-1 

SLOPE COMPARISON OF ON-SITE DISPOSAL FACILITY 
GREAT MIAMI AQUIFER WELLS FOR CELLS 1,2, AND 3 

Comparison of Slopes 
Water Level Total Uranium Trend Direction 

Cell Wella Slope Slope P-Value Comparisonb 
1 22201d Up Decreasing Increasing 0.0000 Significantly 

Different 

22 198 Dn Decreasing Increasing 0.0000 Significantly 
Different 

2 22200 Up Decreasing Invariable’ 0.0003 Significantly 
Different 

22199 Dn Decreasing Invariable’ 0.0002 Significantly 
Different 

3 22203 Up Decreasing Increasing 0.0000 Significantly 
Different 

22204 Dn Decreasing Invariable’ 0.0048 Significantly 
Different 

4 22206 Up Invariable’ Increasing 0.1446 Not 
Significantly 

Different 

22205 Dn Invariable’ Increasing 0.0104 Si&cantly 
Different 

5 22207 Up Invariable’ Invariable’ 0.608 1 Not 
Significantly 

Different 

22208 Dn Invariable’ Invariable’ 0.9 123 Not 
Significantly 

Different 

Comparison of Inverse Trends 
Inverse Trend 

P-Value Comparison‘ 
0.3544 Strong evidence of an 

Inverse Relationship 

0.262 1 Strong evidence of an 
Inverse Relationship 

0.0306 Limited evidence of an 
Inverse Relationship 

0.0805 Some evidence of an 
Inverse Relationship 

0.8372 Strong evidence of an 
Inverse Relationship 

0.5481 Strong evidence of an 
Inverse Relationship 

0.1463 Some evidence of an 
Inverse Relationship 

0.0220 Limited evidence of an 
Inverse Relationship 

0.3872 Strong evidence of an 
Inverse Relationship 

0.5441 Strong evidence of an 
Inverse Relationship 

Note: Outliers identified as results having Studentized Residuals approximately > 3.5. This method was used 
because the deviation is calculated as the residual from the fitted regression line without the potential outlier. 

”vp = Upgradient; Dn = Downgradient 
b‘6Sigmficantly different” - p-Value < 0.05 
‘%trong evidence” - pValue > 0.15 
“Some Evidence” - 0.05 <: pValue I 0.15 
“Limited evidence” - 0 . 0 1 ~  p-Value 5 0.05 
‘Wo sigdicant evidence” - p-Value I 0.01 
dTotal uranium outlier removed - 5.196 pgA- (313 1/97) 
‘Slope is so slight that it is considered invariable. 

@ 
I E M P - A N N \ ~ ~ ~ Z \ A P P E N D D ( \ A P P - A \ A S . D O C \ ~ ~ . ~ . ~ ~ Y  27.2003 906 AM A.5.3-1 QOO388 
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ATTACHMENTA.5.4 

URANIUM CONCENTRATIONS AND TURBIDITY COMPARISONS 
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ATTACHMENT A.5.5 

HTW WATER YIELDS. 
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ATTACHMENT A 5 6  

VOLUMES AND ACCUMULATION RATES 
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ATTACHMENT A.5.7 

PERCHED WATER LEVELS 
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0 BTV 
cfs 

C m S  

DOE 

EPA 

FCP 

FFCA 

LIST OF ACRONYMS 

benchmark toxicity value 

cubic feet per second 

cubic meters per second 

U.S. Department of Energy 

U.S. Environmental Protection Agency 

Fernald Closure Project 

Federal Facilities Compliance Agreement 

final remediation level 

Integrated Environmental Monitoring Plan 

kilograms 

micrograms per liter 

milligrams per kilogram 

milligrams per liter 

National Pollutant Discharge Elimination System 

Ohio Environmental Protection Agency 

picoCuries per gram 

picocuries per liter 
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FCP-SER-02-FINAL 
Appendix B, Revision 0 

May 2003 
- APPENDIX B -_  

Appendix B presents additional surface water, treated effluent, and sediment data in support of Chapter 4 

of this 2002 Site Environmental Report. This appendix consists of two attachments as follows: 

Attachment B. 1 provides fiuther evaluation of the final remediation levels (FRLs) and 
benchmark toxicity values (BTVs) exceedances for surface water and treated effluent including 
an assessment of potential cross-media impacts to the groundwater pathway. This attachment 
also provides detail on storm water-related bypasses pertaining to compliance with the Record of 
Decision for Remedial Actions at Operable Unit 5 (DOE 1996) total uranium treated effluent 
discharge limits. 

0 Attachment B.2 provides additional details pertaining to the 2002 sediment analyhcal results and 
historical results for comparison purposes. 
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ATTACHMENT B.l 

During 2002 surface water and treated effluent samples were collected under the Integrated 

Environmental Monitoring Plan (IEMP), Revision 2 (DOE 2000). Figures B.l-1 and B.l-2 show all 

surface water monitoring locations. The following information is discussed in this attachment: 

Surveillance monitoring (Section B.l. 1) 

0 Federal Facilities Compliance Agreement (FFCA)/Operable Unit 5 Record of Decision 
compliance (Section B. 1.2) 

0 Controlled and uncontrolled areas (Section B.1.3). 

The National Pollutant Discharge Elimination System (NPDES) Permit sampling is not discussed in this 

attachment as it is discussed in sufficient detail in Chapter 4 of this report. 

B. 1.1 SURVEILLANCE MONITORING 

Surveillance monitoring is the comparison of surface water and treated effluent analytical results to the 

surface water FRLs and BTVs in order to determine effects of Fernald Closure Project (FCP) 

remediation activities on the surface water pathway. Surveillance monitoring also includes an 

assessment of the effects surface water may have on the groundwater pathway (referred to as cross-media 

impacts). 

0 

All 2002 data, with the exception of the data collected from the sewage treatment plant (STP 4601), were 

compared to FRLs and BTVs. Results of treated effluent samples collected from the sewage treatment 

plant (STP 4601) are not used for surveillance monitoring because these samples are collected at an 

internal point prior to the sewage treatment plant treated effluent being discharged to the Parshall 

Flume (PF 4001). Samples collected at the Parshall Flume (PF 4001) are used in the surveillance 

evaluation because this is the last point treated effluent is sampled prior to discharge to the 

Great Miami River. 

IEMP-ANNU002\APPENDlX\APP-B\BI.~ay 21,2003 
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Water discharges to the Great Miami River are required to be below the FRLs at the point where 

. discharged water is completely mixed with water in the Great Miami River (Le., outside the mixing 

zone). To make a determination of the concentration of each constituent at this point in the Great Miami 

River for comparison to the FRLs, the following calculation was applied to data from the Parshall 

Flume (PF 4001): 

where: 

CPF4001 

Q I O  

CGMR 

Flow-weighted average concentration outside the mixing zone in the 
Great Miami River, picocuries per liter (pCi/L) or milligrams per 
liter (mg/L) 

- - 

7-day, 10-year low flow, 583 cubic feet per second (cfs) (17 cubic 
meters per second [crns]) 

- - 

Background concentration in Great Miami River from the Remedial 
Investigation Report for Operable Unit 5 (DOE 1995), pCi/L or mgL 
(0 was used when no background concentration was available) 

- - 

Daily flow at Parshall Flume (PF 400 l), cfs - - QPF 

Daily concentration at Parshall Flume (PF 4001), pCiL or mg/L - - CPF 

Note: In addition, flow conditions at the Hamilton Dam gauge are periodically reviewed to determine 
if there is a lower flow than the 7-day, 10-year low flow of 583 cfs (17 crns). The lowest daily 
flow measured at the Hamilton Dam gauge (if lower than 583 cfs [17 cms]) is used in the 
equation to see if an exceedance could potentially occur. 

B. 1.1.1 Evaluation of Constituents Above FRLs and BTVs for 2002 

Tables B.l-1 and B.l-2 list surface water FRL and BTV exceedances, respectively, at corresponding 

sample locations, and Figure B. 1-3 shows the locations of these exceedances. The FRL exceedances that 

occurred in 2002 were generally sporadic. Following are general observations: 

No FRL exceedances occurred in the Great Miami River using the mixing equation and Parshall 
Flume (PF 4001) concentrations. The lowest daily flow at the Hamilton Dam gauge during 2002 
was 359 cfs (10.2 crns). The evaluation of FRLs was conducted at both the standard low flow 
condition (583 cfs [17 cms]) as well as the lowest flow condition. 
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No exceedances of the surface water FRL for total uranium occurred at any surface water sample 
location. Figures B.1-4 through B.1-10 are total uranium concentration versus time plots for the 
surface water sample locations. 

; !  -: ‘j ;- 
e .  

There was a total of eight FRL exceedances: two constituents at SWD-03; two constituents at 
SWP-03, one constituent at STRM 4003; one constituent at the Paddys Run background’ 
location SWP-0 1 ; and two constituents at the Great Miami River background location SWR-0 1. 

There was one BTV sample exceedance for cadmium at the Parshall Flume (PF 400 1). 

Following is a discussion, by constituent, of these exceedances. 

Cadmium 

The BTV exceedance for cadmium at the Parshall Flume (PF 4001) was determined by using the mixing 

equation. 

On February 18,2002 the cadmium concentration measured at the Parshall Flume (PF 4001) was 

0.0039 mg/L which was above the BTV of 0.0035 m@. To make a determination of the cadmium 

concentration at a point in the Great Miami River for comparison to the BTVs, the mixing equation was 

applied, which resulted in an estimated cadmium concentration in the Great Miami River above its 

respective BTV. However, this estimated value is based on the limits of the calculation rather than an 

actual BTV exceedance. The calculation uses the background concentration of 0.0098 mg/L, which 

would yield a result above the BTV regardless of the concentration. 

a 

Chromium 

The chromium FRL of 0.010 mg/L was exceeded once at each location SWR-01, SWP-01 and SWP-03. 

The FRL for chromium is actually associated with hexavalent chromium; however, due to the short 

laboratory holding times for hexavalent chromium, total chromium is analyzed instead. Comparing total 

chromium concentrations against the hexavalent chromium, the FRL is conservative because hexavalent 

chromium is a component of total chromium. 

Location SWR-01 is a background location upstream of the FCP effluent line in the Great Miami Rwer. 

Background monitoring locations are located upstream and outside the influence of FCP discharges. 

Similarly, SWP-01 is a background location within Paddys Run upstream of FCP property. Location 

SWP-01 is also outside the influence of FCP discharges. 

088476 
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The remaining exceedance occurred on September 27,2002 at location SWP-03. The measured 

concentration was 0.0267 mg/L. While no specific activity occurred which can be tied directly to this 

elevated result, the sample was collected during a period of heavy rainfall and during the time that the 

Storm Water Retention Basin was overflowing. Samples for chromium were not collected from the 

Storm Water Retention Basin overflow, but process knowledge indicates that chromium contamination 

can be expected in the storm water runoff from the former production area collected by the Storm Water 

Retention Basin. It should also be noted that chromium was elevated at the Paddys Run background 

location (SWP-01). 

Cower 

Exceedances for copper occurred at locations SWD-03, SWR-01, and SWP-03. The surface water FRL 

for copper is 0.012 m a .  As previously mentioned, SWR-01 is a background location and is not under 

the influence of FCP activities. 

On September 27,2002 the measured copper concentration at location SWP-03 was 0.0242 mg/L. As 

with chromium discussed above, no specific activity occurred that directly caused this elevated result but 

the sample was collected during a time of heavy rainfall and overflow conditions at the Storm Water 

Retention Basin. A sample for copper was collected from the Storm Water Retention Basin overflow 

(under the NPDES Permit sampling program) the result of which was 0.0062 mg/L indicating only a 

potentially minor impact on the SWP-03 measurement. It should also be noted that chromium was 

elevated at the Paddys Run background location (SWP-01). 

a 

On October 5,2002 the measured copper concentration at location SWD-03 was 0.0426, mg/L. Given 

the data available and the field activities that occurred in 2002, no specific circumstance can be discerned 

that would explain this copper exceedance. 

Lead 
On January 24,2002 an exceedance for lead occurred at location STRM 4003 during the sampling for the 

NPDES Permit renewal Application. Two samples were collected on this day: a grab sample to attempt 

to quantify “first-flush” effects and a composite sample to characterize the entire event. The results were 

0.0137 mgL and 0.0103 m a .  The FRL for lead is 0.01 mgL. (While the two measurements were 

above the FRL, it is being reported as only one exceedance, at the higher of the two concentrations, 

because the samples were collected during the same event.) The area of the drainage basin draining 

through STRM 4003 at the time of sampling was approximately 527 acres (213 hectares) and includes 
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large areas of the eastern and southern sections of the site outside the former production area. The 

drainage basin includes off-property areas as well. No specific activity has been identified as a causal 

event of these elevated lead concentrations. 

On October 5,2002 an exceedance occurred for zinc at location SWD-03. The result of 0.124 mgL was 

above the established FRL of 0.1 1 mg/L. Given the data available and the field activities that occurred in 

2002, no specific circumstance can be discerned that would explain the zinc exceedance. This is only the 

third exceedance for zinc at this location and it appears that no significant trend is occurring. 

B. 1.1.2 Evaluation of Cross-Media hmacts for 2002 

Another objective of the IEMP surveillance monitoring program is to provide an ongoing assessment of 

the potential for cross-media impacts from surface water to the underlying Great Miami Aquifer. To 

conduct this assessment, sample locations were selected to evaluate contaminant concentrations in 

surface water just upstream fiom those areas where site drainages have eroded through the protective 

glacial overburden (i.e., the Storm Sewer Outfall Ditch, Pilot Plant Drainage Ditch, and certain reaches 

of Paddys Run). In areas where the glacial overburden is absent, a direct pathway exists for 

contaminants to reach the aquifer. 
0 

Because it is the primary contaminant at the site, total uranium is used as an indicator to evaluate the 

impact of surface water on the Great Miami Aquifer. A conservative assumption is used in this 

assessment, which considers the total uranium concentration (and all other constituent concentrations) in 

the surface water to be at the same concentration when the water reaches the Great Miami Aquifer 

through infiltration. However, the more likely scenario is that the total uranium concentration (and all 

other constituent concentrations) would decrease because dilution and adsorption occur as the water 

infiltrates through the ground and is mixed with the groundwater in the Great Miami Aquifer. 

As shown in Table B.l-3, the results of the cross-media impact assessment for 2002 indicate occasional 

exceedances of the groundwater total uranium FRL of 30 micrograms per liter (pg/L) in the areas where 

surface water is directly infiltrating into the Great Miami Aquifer. Key sample locations associated with 

these areas of direct infiltration are SWP-02, SWD-02, STRM 4005, SWD-03, and the Storm Water 

Retention Basin overflow (SWRB 40020). Figures B.l-11 through B.l-14 present the total uranium 

concentrations for cross-media impact sample locations. The design of the groundwater restoration 

systems has accounted for this potential contaminant pathway by installing extraction wells 

IEMP-AMJVWZ\APPEI~P~B~I.DOC\May 20,2003 B.l-5 
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downgradient of these areas where direct infiltration can occur. Only one of the locations (SWD-03) that 

was evaluated exceeded groundwater non-uranium FRLs, which was for zinc. The zinc results of 

0.0297 and 0.124 mgL exceeded the respective FRL of 0.021 mgk.  

~ ~- - 

e 
B. 1.1.3 Evaluation of Constituents Above BTVs for 2002 

Based on the results of the BTV screening process presented in the approved Sitewide Excavation Plan 

(DOE 1998), three constituents-barium, cadmium, and silver-are evaluated against surface water 

BTVs. Only one BTV exceedance occurred during 2002, which was for cadmium at the Parshall 

Flume (PF 4001). Using the mixing equation, the result would indicate a BTV exceedance outside the 

mixing zone. However, this equation uses a background concentration of 0.0098 m a ,  which is higher 

than the BTV of 0.0035 mg/L and is the sole reason for this apparent exceedance. 

B. 1.1.4 Conclusions 

Based on the sporadic nature of these FRL and BTV exceedances, continued monitoring is recommended 

to determine their significance. The data will continue to be used to document exceedances, provide 

statistical trend analysis, assess the cross-media impacts, and determine if additional administrative or 

engineered controls are required to protect the surface water pathway. At this time no additional controls 

or changes in the surface water monitoring program are warranted. 

B. 1.2 FFCNOPERABLE UNIT 5 RECORD OF DECISION COMPLIANCE 

The Operable Unit 5 Record of Decision and subsequent Explanation of Significant Differences, 

stipulates compliance with a monthly flow-weighted average total uranium concentration of 30 p g L  at 

the Great Miami River via the Parshall Flume (PF 4001). In addition to the concentration limitation, the 

Operable Unit 5 Record of Decision stipulated that the total mass discharged during a year not exceed 

600 pounds (272 kg). 

During 2002 the FCP monitored total uranium concentrations at the Parshall Flume (PF 4001) daily to 

demonstrate compliance with these limitations. The FCP was in compliance with the total mass 

limitation as uranium discharges totaled 523.75 pounds (237.78 kg), which is below the 600-pound 

(272-kg) limit. The FCP was in compliance with the monthly flow-weighted concentration limit every 

month in 2002, as identified on Figure B.l-15. 
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B.1.2.1 Storm Water-Related Bypasses 

The Operable Unit 5 Record of Decision allows the FCP to directly discharge water collected in the @ 
Storm Water Retention Basin to the Great Miami River during periods of significant precipitation (up to 

10 days each year). These are referred to as bypass events (storm water bypassing treatment and going 

directly to the Great Miami River). The Operable Unit 5 Record of Decision allows the FCP to eliminate 

the flow-weighted concentration for these bypass days due to significant precipitation in order to comply 

with the flow-weighted concentration total uranium limit. Significant precipitation and the manner in 

which these days are accounted for in the calculation demonstrating compliance with the flow-weighted 

concentration limitation, are defined in the Operations and Maintenance Master Plan for 

Aquifer Restoration and Wastewater Treatment Project (Section 3.6.2) (DOE 1999). The Operations and 

Maintenance Master Plan was revised in 1999 and approved by the U.S. Environmental Protection 

Agency (EPA) and Ohio Environmental Protection Agency (OEPA) in December 1999. In summary, 

significant precipitation bypass days are to be accounted for as follows: 

Each day the system is bypassed for less than 12 hours is to be counted only as necessary to 
achieve the monthly average flow-weighted concentration total uranium limit. 

Each day the system is bypassed for 12 or more hours is to be counted as a full bypass day. 

The flow-weighted concentration and flow rate for each bypass day is eliminated from the calculation for 

the month. Based on the approved definition, there were three significant precipitation bypass days 

during 2002 as identified in Table B. 1-4. 

* 
B.1.2.2 Maintenance Related Bvpasses 

Bypassing during scheduled treatment plant maintenance is permissible under the Operable Unit 5 

Record of Decision provided prior notice is given to EPA and OEPA. The uranium concentration, for 

those days when a maintenance activity was performed, can be eliminated from the monthly total 

uranium concentration calculation. There were four maintenance-related bypass days during 2002 as 

identified in Table B. 1-4. 

B.1.3 CONTROLLED AND UNCONTROLLED STORM WATER RUNOFF AREAS 

There were no previously uncontrolled areas that were added to the FCP controlled storm water system 

in 2002 (refer to Figure B.1-16). Following are descriptions of areas where storm water runoff is 
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collected due to specific remediation objectives, how it is controlled, the reason why the area is now 

controlled, and the amount of area controlled: 

On-site disposal facility: When cells of the on-site disposal facility are being actively filled, 
storm water runoff must be collected for treatment. During 2002 storm water runoff associated 
with Cells 2 and 3 was collected by the leachate collection system. This storm water runoff was 
pumped to the Bio-Surge Lagoon and then to the advanced wastewater treatment facility. This 
area was controlled because waste placement occurred within both cells during 2002. Each 
individual cell is approximately seven acres. With the completion of the Cell 1 cap in 2001, and 
the subsequent diversion of storm water runoff from the cap to uncontrolled drainage ways, there 
were 14 acres of controlled runoff from the on-site disposal facility at the end of 2002. 

Waste Pits Remedial Action Project area: The Waste Pits Remedial Action Project facility area 
is designed so that storm water runoff associated with this project is collected in the Storm Water 
Management Pond. Collected storm water requiring treatment (>30 pgL) is pumped to the 
Bio-Surge Lagoon and then to the advanced wastewater treatment facility. Runoff from this 
10.5-acre area is controlled due to past construction and current excavation activities in the 
Operable Unit 1 area. The U.S. Department of Energy (DOE) has received approval to discharge 
storm water from this Storm Water Management Pond (which is determined to be 
uncontaminated) directly to Paddys Run upon the following two conditions: 

1) Prior to discharging water to Paddys Run, a sample is collected from the Storm Water 
Management Pond and analyzed for total uranium. If the total uranium result is below 
30 p a ,  then the water is discharged to Paddys Run. 

2) As the water is being discharged to Paddys Run, a total suspended solids sample is collected. 

The areas from which storm water runoff must be controlled will continue to change throughout 

remediation. Potentially contaminated areas associated with remediation may be added to the controlled 

system, and areas that have been remediated will be removed from the system. 
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TABLE B.1-4 
- -  4880 0 

2002 SIGNIFICANT PRECIPITATION AND 
TREATMENT PLANT MAINTENANCE BYPASS EVENTS 

Cumulative Total Uranium 
Duration Number of Number of Discharged Total Water Discharged 

Event (hours) Bypass Daysa Bypass Daysa (pounds) (millions of gallons) 

Significant Precipitation Bypasses (to Great Miami River) (to Great Miami River) 

May 9 14.5 1 1 2.49 0.422 

May 13 through May 15 57 2 3 14.86 3.126 

September 27 Through September 
29 66.75 3 6 6.45 3.759 

Treatment Plant Maintenance Bypassesb 

July 4 through July 7 96 4 4 7.68 23.589 

aDays are counted according to the definition provided in the Operations and Maintenance Master Plan for the Aquifer 
Restoration and Wastewater Project. 
Yypically during planned maintenance outages, pumping and treatment systems are taken off-line in stages and returned to 
service in stages. There were portions of all four days where pumping and/or treatment systems were off-line due to 
maintenance. Therefore, information is provided for these four days in total. 

000485; 
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Sediment is a secondary exposure pathway and is monitored annually to assess the impact of remediation 

activities on sediments deposited along surface water drainages. Sediment is collected at strategic 

locations to ensure that the most recently deposited sediment is collected. Sediment collected in 2002 

marked the fifth year for implementing the sediment monitoring program contained in the IEMP. 

Sediment samples were collected in August of 2002 at 16 locations along Paddys Run, the Storm Sewer 

Outfall Ditch, and the Great Miami River (refer to Figure B.2-1). Samples collected at each location 

were analyzed for total uranium. All samples collected from the Storm Sewer Outfall Ditch, Paddys Run 

(north and one location south of the outfall ditch), and from the Paddys Run background location were 

also analyzed for radium-226, radium-228, and isotopic thorium. 

Table B.2-1 summarizes the results of the 2002 sediment monitoring program. Analytical results of 

samples collected from the Storm Sewer Outfall Ditch, Paddys Run, and the Great Miami River from 

2002 were below the FRL for all of the constituents (radium-226, radium-228, isotopic thorium, and total 

uranium). In comparison to 2001 data, the average thorium, uranium, and radium results from the Storm 

Sewer Outfall Ditch (Dl-D5) were slightly higher in 2002; whereas, the average total uranium result 

from Paddys Run, south of the Storm Sewer Outfall Ditch confluence (PSl-PS3) was lower in 2002. For 

Paddys run north of the Storm Sewer Outfall Ditch (PNl-PN5), the average radium, thorium-228, and 

thorium-232 results were slightly lower in 2002; whereas, the average thorium-230 and uranium results 

were higher. While this was the case, all results obtained &om all sediment sampling locations were 

within historical ranges. 

0 

Figures B.2-2 through B.2-7 present sediment data trends for the period 1990 through 2002. Monitoring 

of sediment will continue to determine the effectiveness of the engineered controls designed to reduce 

erosion fiom the FCP and sedimentation of Paddys Run and its tributaries. 

I E M P - A N N U O O Z \ A P P E P P ~ B ~ 2 . ~ a y  20,2003 141 AM 

000583 
B.2-1 



ul + D 
rn 
T 

z 
W 
0 
0 0 W 

r 

0 
D -i rn 

ln 

ln + rn I 

.a m W 

- 

I t 

33500 

30000 

36500 

93000 

79500 

7 m ~ e  

72501 

69006 

I65501 

1344000 1347500 1351000 1354500 1358000 1361500 

+ 

+ 

+ 

LEGEND: 
FERNALD S I T E  BOUNDARY 

SEDIMENT SAMPLE 
LOCAT I ON SCALE 4 1'1 

3500 1750 0 3500 FEET 

F I G U R E  8 . 2 - 1 .  2002 SEDIMENT SAMPLE LOCATIONS 
080504 



I
 

I 0
 

0
0
8
5
0
5
 



I
 

(v
 
0
 
0
 

(v
 

F
 
0
 
0
 

(v
 

0
 
0
 
0
 

01 

0-J 
0-J 
E

 



0
 



0
 



cu 
0

 
0

 
(u

 

7
 

0
 
0
 

(v
 

0
 
0
 

0
 

cu 

m
 

m
 

m
 

r
 

m
 

m
 

z) b
 

m
 

m
 

r
 

a
 

m
 

m
 

r
 

Ln 

m
 

m
 

r
 

Q
 

m
 

m
 

r
 

m
 

m
 

z (v
 

0
 

m
 

T
 

F
 

m
 

0
 

r
 

0
 

m
 

9 

0
 

t- 
z
 

W
 

2 Ei W
 

v
) 

a
 

0
 

L
L

 
t- 
s a 2 F

 
uj 
>

 
z
 

0
 

I- <
 

a
 

t- Z
 

W
 

0
 
z
 

0
 

0
 

v H 2 w
 

0
 
I
 

t- W
 

(v
 

C
r) 

+ Y
 

m
 

W
 

IY 3
 

c3 
ii 



4880 

0
 

7
 

fJ 0 CY r
 
0
 
0
 

01 

0
 
0
 

0
 

CY 

a, 
a, 
z CO 
a, 
z r- a, 
a, 
T

 

(0
 

a, 
z In
 

a, 
a, 
r
 

w
 

a, 
z m

 
a, 
a, 
r
 

01 
a, 
a, 
r
 

r
 

a, 
a, 
r
 

0
 

a, 
z 

I- 
z
 

W
 

r n W
 

v> 
fY 
0

 
LL 
I- a
 

W
 
r F

 
(/j 
>

 
z
 

0
 

i=
 

a
 

fY 
I- z 
W

 
0

 
z
 

0
 

0
 

z 3
 
z
 

LIL 
3

 

s -
 

a ;I 5 0
 

I- 

c'! 
m

 

0
 

W
 

fY 3
 

L
L

 





APPENDIX C 

SUPPLEMENTAL AIR INFORMATION 



e TABLE OF CONTENTS 

Appendix C Supplemental Air Information ............ .... ................... ... .. ..................... ... ......... ............... C-1 

Attachment C. 1 
Attachment C.2 
Attachment C.3 
Attachment C .4 
Attachment C.5 

Radiological Air Particulate ........................................................... C. 1-1 
Radon ............................................................................................. C.2-I 
Direct Radiation ............................................................................. C.3-1 
Meteorological Data ....................................................................... C.4-1 
Supplemental Dose Assessments .................................................... C.5-1 

I E M P p - A N M 2 0 0 2 W P E N D M P - C 3 C . ~ a y  20,2003 750Ah4 



- 
4 8 8 0  

LIST OF ACRONYMS 

@ AMs 

BCG 

"C 

cm 

DCG 

DOE 

"F 

FCP 

IEMP 

kph 

Pdm' 

pCi/mL 

m3 

mGylda y 

mDh 

;em 

mSv 

NESHAP 

pci/L 

pci/m3 

person-Sv 

PVS 

RCS 

TLD 

air monitoring station 

Biota Concentration Guide 

degrees Centigrade 

centimeters 

derived concentration guidelines 

U.S. Department of Energy 

degrees Fahrenheit 

Fernald Closure Project 

Integrated Environmental Monitoring Plan 

kilometers per hour 

microcuries per millileter 

micrograms per cubic meter 

cubic meters 

milliGray per day 

miles per hour 

millirem 

millisievert 

National Emissions Standards for Hazardous Air Pollutants 

picocuries per liter 

picocuries per cubic meter 

person-Sievert 

pugmill ventilation system 

Radon Control System 

thermoluminescent dosimeter 
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APPENDIX C 

Appendix C presents additional air monitoring data and analysis in support of Chapter 5 of the 2002 Site 

Environmental Report. This appendix consists of five attachments as follows: 

Attachment C. 1 provides the results of the radiological air particulate monitoring program, 
including an assessment of 2002 results with respect to historical data, and provides concentration 
versus time plots of the total uranium, total particulate, and thorium data for 2002. 

Attachment C.2 provides the results of the radon monitoring program, including an assessment of 
radon data relative to continuous radon monitors. This discussion focuses on the U.S. Department 
of Energy (DOE) standards contained in DOE Order 5400.5 and an evaluation of trends observed 
in the 2002 data. 

Attachment C.3 provides the results of the direct radiation monitoring program including an 
assessment of 2002 results with respect to historical data. 

Attachment C.4 provides a summary of the meteorological data measured at the site during 2002. 

Attachment C.5 provides the results of supplemental dose assessments that are part of the 
standards and requirements contained in DOE Order 5400.5. The methods and data sources used 
for the population dose assessment and a biota dose assessment are explained. In addition, an 
evaluation of trends observed in the dose assessments over the past five years is also provided. 
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ATTACHMENT C.l 4880 

Attachment C. 1 provides a detailed discussion of the radiological air particulate data for 2002. This 

information is used to measure the emissions of uranium, thorium, and radium from the Fernald site. 

In 2002 the Femald Closure Project (FCP) operated 19 air monitoring stations (AMs) 24 hours per day, seven 

days a week, as part of the Integrated Environmental Monitoring Plan (IEMP) Radiological Air Particulate 

Monitoring Program. The data from 16 fenceline monitoring stations and two background monitoring stations 

are used to demonstrate compliance with the National Emissions Standards for Hazardous Air Pollutants 

(NESHAP) Subpart H. Data from the project-specific air monitoring station (WPTH-2) are used to supplement 

the fenceline monitoring of thorium emissions from the excavation of the waste pits. Figure C.l-1 provides the 

location of IEMP air particulate monitoring stations during 2002. 

Table C.l-1 provides an operational summary for the IEMP air monitoring stations in 2002. On average, the air 

monitors operated 99.4 percent of the time, and all monitors exceeded 95 percent operational time for the year. 

Routine maintenance and filter exchange combined with periodic electrical outages and equipment 

malfunctions created short periods of down time for each monitor throughout the year that resulted in operation 

times of less than 100 percent. 

Biweekly Air Particulate Monitoring Results 

Air filters were exchanged every two weeks at all the monitoring locations during 2002. The biweekly filters 

from the 16 fenceline monitors and two background monitors were analyzed for total uranium, total particulate, 

and isotopic thorium. The biweekly filters from the project-specific monitor were analyzed for total particulate 

and isotopic thorium. Table C. 1-2 summarizes the results of the biweekly total uranium analyses. Table C. 1-3 

summarizes results from the biweekly total particulate monitoring. Tables C.14 through C.l-6 summarize the 

results of the isotopic thorium analyses. Figures C.l-2 through C.l-39 provide graphical information on the 

total uranium, total particulate, and isotopic thorium concentrations measured at each monitor during 2002. 

The total uranium and particulate results for air monitoring in 2002 were generally consistent with the 

2001 data and historical ranges. There was a general increase in uranium concentrations at the site fenceline, 

particularly along the eastern fenceline, during the first quarter of 2002. The first quarter increases are 

attributed to the remediation activities associated with the Waste Pits Remedial Action Project, on-site disposal 

facility and its associated material transfer area, and Decontamination and Demolition Project activities. @ 
IEMP-ANMZ002WPEND1XV\PPC\CI.WCMlay 20.2003 9:W AM c.1-1 008517 
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were generally consistent with the 200 1 data and historical ranges. There was an increase in thorium-230 

concentrations at the site fenceline, particularly at monitors in the northeast quadrant of the site during the first 

quarter of 2002. Elevated levels of thorium-230 can be expected when large-scale remediation projects such as 

the excavation of the waste pits are in operation. Although the higher thorium-230 concentrations were 

measurable at the site fenceline, the annual average thorium-230 concentrations remain below one percent of 

the DOE-derived concentration guide value for thorium-230. The first-quarter increases are attributed to 

fugitive emissions from the Waste Pits Remedial Action Project and occurred prior to the operation of the 

pugmill ventilation system (PVS). The start-up and operation of the PVS in April 2002 is credited with 

limiting Waste Pits Remedial Action Project emissions and moderating thorium-230 concentrations at the site 

fenceline. During the course of the waste pit excavation, thorium-230 concentrations continue to be monitored 

and the data provided to the remediation projects to ensure that emission controls are operating as expected. 

Quarterly Composite Air Particulate Monitoring Results 

An aliquot of the 16 fenceline and two background filters, collected biweekly, were maintained to provide a 

quarterly composite sample to be analyzed for isotopes of uranium, thorium, and radium-226. Table C.1-7 

presents the annual average radionuclide concentrations calculated from the quarterly composite sample data. 

The results indicate the radionuclide concentrations are well below the DOE guidelines. 

Evaluation of Isotopic Dose Contributions from FCP Airborne Emissions 

Prior to 1999, uranium was the major contributor to the air inhalation dose from Femald site emissions. 

Uranium typically contributed greater than 62 percent of the effective dose equivalent based on an evaluation 

of monitoring results from 1990 through 1998 (post-production era). In 2002 uranium isotopes (uranium-234, 

uranium-235/236, and uranium-238) contributed an average of 32 percent of the dose at the fenceline, while 

radium-226 contributed an average of 7 percent, and thorium isotopes (thorium-228, thorium-230, and 

thorium-232) contributed an average of 61 percent. Figures C.1-40 through C.1-42 illustrate the percentage 

contribution to dose from uranium, thorium, and radium-226 at each fenceline and background monitor. In 

order to improve the presentation of information and to focus on the primary contributors (uranium, thorium, 

and radium) to dose, only these contributions are shown on these figures. Contributions from other 

radionuclides, which are assumed to be in equilibrium with their parent radionuclides, were not included in the 

figures. At all fenceline locations, the contribution from radionuclides assumed to be in equilibrium with their 

parent radionuclides was less than 10 percent of the dose from airborne emissions. 

000518 
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In 1998 uranium isotopes contributed on average 76 percent of dose at the fenceline. The average percentage ’ contribution from uranium isotopes from 1999 through 2002 (45,25,29 and 32 percent, respectively) are 

significantly lower. The decrease in the percentage of dose from uranium is a result of thorium-230 becoming 

the major dose contributor through fugitive emissions from the Waste Pits Remedial Action Project operations. 

Given the methods required to excavate, transport, and process waste pit material, fugitive emissions were 

expected to increase the average concentration of thorium-230 at the fenceline. Although the project employs 

several environmental compliance-based dust abatement practices and controls, low-level fugitive emissions 

are expected from the project due to the large-scale waste handling operations. 

. .  
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0 TABLE C.1-1 

OPERATIONAL SUMMARY FOR AIR PARTICULATE MONITORING STATIONS IN 2002 

Number of Sample Last Sample Operating Percent 
Start Date Collection Date Time (hours)' of Operation Location Samples 

Fenceline 
AMs-2 26 12l26/0 1 12/23/02 8636.5 99.1 
AMSJ 26 1212610 I 12/23/02 8658.8 99.4 
A M S - 4  26 12/26/0 1 12/23/02 8598.2 98.7 
AMs-5 26 12/26/0 1 12/23/02 868 1.4 99.6 
AMs-6 26 12l26lO 1 12/23/02 8665.6 99.5 

AMs-7 26 1212610 1 12/23/02 8672.6 99.5 

AMs-8A 26 1212610 1 12123102 8633.6 99.1 

AMs-9c 26 1212610 1 12/23/02 8700.3 99.9 

AMs-22 26 1 212610 1 . 12/23/02 8689.8 99.7 

AMs-23 26 12126tO 1 12/23/02 8646.8 99.3 

AMs-24 26 12/26IO 1 12/23/02 8630.7 99.1 

AMs-26 26 I2/26/0 1 12/23/02 8655.6 99.4 

AMs-27 26 1 212610 1 12/23/02 8664.9 99.5 

AMs-28 26 12/26/0 I 12/23/02 8685.6 99.7 

AMs-29 26 12l2610 1 12/23/02 8687 99.7 

AMs-25 26 1212610 1 12/23/02 8616.9 98.9 

Background 
AMs- 12 26 1212610 1 12/23/02 8653.6 99.3 
AMs-16 26 1212610 1 12/23/02 8641.7 99.2 

Project-Specific 
WPTH-2 26 12/26/01 12/23/02 8647.4 99.3 

a8712 available operating hours from December 26,2001 through December 23,2002. 

IEMF'-AN~V~~~WPMDIX~WP-CICI.DOOM~~ 20,2003 909 Ah4 c.1-4 088520 
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TOTAL URANIUM PARTICULATE CONCENTRATIONS IN AIR FROM BIWEEKLY SAMPLING 

1990 through 200 1 
Summary of 2002 Resultsb Summary of 2001 Resultsb Summary Resultsb 

(pCi/m3 x 1 E-06) (pCi/m3 x 1 E-06) (pCi/m3 x 1 E-06) 
No. of No. of 

Locationa Samples Min. Max. Avg. Samples Min. Max. Avg. Min. Max. 
Fenceline 
AMS-2 26 21 270 1 I4 26 19 433 I27 0.0 3500 
A M S J  26 27 1499 236 26 53 908 260 0.0 17000 
AMS-4 26 12 278 58 26 0.0 105 46 0.0 2300 
AMSJ 26 2.7 191 45 26 13 139 51 0.0 4400 
AMS-6 26 14 823 133 26 13 25 7 79 0.0 3200 
AMs-7 26 5.0 209 50 26 0.0 102 46 0.0 7800 
AMS-8A 26 13 1862 260 26 57 928 266 0.0 1 I35 
AMs-9C' 26 39 1712 255 26 63 989 290 0.0 989 
AMs-22 26 I8 276 I15 26 0.0 743 111  0.0 743 
AMs-23 26 0.0 226 92 26 24 191 82 0.0 202 
AMs-24 26 0.0 114 37 26 7.6 87 38 0.0 207 
AMs-25 26 0.0 95 31 26 2.6 88 35 0.0 402 
AMs-26 26 8.0 336 64 26 19 340 74 0.0 340 
AMS-27 26 12 300 63 26 2.7 I17 57 0.0 170 
AMs-28 26 21 924 130 26 23 239 93 0.0 445 0 AMs-29 26 9.7 325 76 26 7.6 3 14 88 0.0 326 
Background 
AMS-12 26 0.0 38 15 26 0.0 53 19 0.0 480 
AMs-16 26 0.0 63 21 26 0.0 56 22 0.0 350 

aRefer to Figure C. 1-1 for sample locations. 
%or blank corrected concentrations less than or equal to 0.0 pCi/m3, the concentration is set at 0.0 pCi/m3. 
'Summary results for 1990 through 2001 include AMS-9B/C data. 
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1990 through 2001 
Summary Resultsb Summary of 2002 Results Summary of 200 1 Results 

(pg/m3) (pg/m3) (pdm') 
Locationa No. ofsamples Min. Max. Avg. No. ofsamples Min. Max. Avg. Min. Max. 
Fenceline 

AMs-2 26 15 62 32 26 17 61 34 7.0 77 

AMs-3 26 17 68 40 26 16 53 30 8.0 159 
AMS-4 26 18 58 34 26 17 52 33 13 79 
AMs-5 26 15 43 28 26 15 48 29 9.6 62 
AMs-6 26 13 51 31 26 18 53 32 8.0 69 
AMs-7 26 15 44 30 26 3.0 55 32 6.8 84 
AMs-8A 26 18 53 33 26 17 57 34 13 89 
AMs-9cc 26 20 94 49 26 15 62 32 7.1 136 
AMs-22 26 18 48 31 26 17 54 32 13 57 
AMs-23 26 14 51 29 26 15 71 30 11 71 
AMs-24 26 19 61 37 26 15 51 33 5.4 79 
AMs-25 26 13 49 31 26 18 54 30 17 69 
AMs-26 26 16 42 29 26 17 46 28 15 52 
AMs-27 26 26 76 52 26 19 82 50 16 92 
AMs-28 26 13 58 27 26 5.8 69 29 12 69 
AMs-29 26 16 72 36 26 7.6 53 32 11  62 

Background 

AMs- 12' 26 14 44 27 26 14 49 29 6.0 416 
AMs-16' 26 4.1 100 41 26 17 62 39 18 84 

Project-Specificd 
WTH-2 26 21 49 34 26 22 77 37 25 77 

aRefer to Figure C.l-1 for sample locations. 
bSummary results for 1990 through 2001 include AMs-9BIC data. 
'Total particulate analysis was discontinued during 1994 and was reinstated in 1997 for AMs-I 2 and AMs- 16. 
dTotal particulate analysis began in 2000 at project-specific monitor. 
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TABLE C.1-4 +- -  488U 
THORIUM-228 PARTICULATE CONCENTRATIONS IN AIR FROM BIWEEKLY SAMPLING 

1998 through 2001 
Summary of 2001 Results . Summary Results 

(pCi/m3 x 1E-06) (pCi/m3 x 1E-06) (pCi/m3 x 1E-06) 
Locationa No. ofSamples Min. Max. Avg. No. ofSamples Min. Max. Avg. Min. Max. 

Fenceline 
AMs-2 26 0.0 38 7.1 26 0.0 20 8.1 0.0 20 
AMS-3 26 0.0 26 10 26 2.2 25 12 1.1 25 
AMS-4 26 0.0 19 6.3 26 0.0 22 7.8 0.0 22 
AMS-5 26 0.0 18 4.9 26 0.0 14 5.7 0.0 14 
AMS-6 26 0.0 18 7.6 26 0.0 16 7.3 0.0 16 
AMs-7 26 0.0 14 5.9 26 0.0 17 6.9 0.0 17 

AMS-IA 26 0.0 23 8.6 26 0.0 39 1 1  0.0 39 
AMS-9C 26 0.0 50 15 26 0.0 28 12 0.0 28 
AMs-22 26 0.0 18 6.9 26 0.0 30 8.7 0.0 30 
AMS-23 26 0.0 18 5.8 26 0.0 22 6.6 0.0 22 
AMs-24 26 0.0 27 10 26 0.0 15 6.0 0.0 15 
AMS-25 26 0.0 17 5.5 26 0.0 13 6.2 0.0 13 
AMs-26 26 0.0 15 6.0 26 0.0 24 6.6 0.0 24 
AMs-27 26 0.0 22 8.2 26 0.0 22 9.5 0.0 22 

Summary of 2002 Results 

N ~ l S - 2 8 ~  26 0.0 17 5.2 26 0.0 39 8.8 0.0 39 
AMs-29 26 0.0 46 7.9 26 0.0 20 8.3 0.0 20 

Background 

AMs-12 26 0.0 13 4.8 26 0.0 17 5.6 0.0 17 
AMs-16 26 0.0 41 12 26 0.0 19 8.1 0.0 19 

Project-Specific' 
WPTH-2 26 0.7 20 8.9 26 0.0 28 8.9 0.0 28 

aRefer to Figure C. 1-1 for sample locations. 
bSurnmary results for AMs-28 include WPTH-I; these monitors were adjacent. 
'Project-specific monitor began operation on November 3, 1998. 
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TABLE C.1-5 

THORIUM-230 PARTICULATE CONCENTRATIONS IN AIR FROM BIWEEKLY SAMPLING 

1998 through 2001 
Summary Results 

(pCi/rn3 x 1E-06) (pCi/m3 x 1E-06) (pCi/m3 x 1E-06) 
Summary of 2002 Results Summary of 200 1 Results 

Locationa No. ofsamples Min. Max. Avg. No. ofSamples Min. Max. Avg. Min. Max. 

Fenceline 
AMs-2 26 0.0 140 46 26 0.0 104 39 0.0 104 
AMs-3 26 0.7 277 86 26 0.0 744 115 0.0 744 
AMs-4 26 0.0 65 27 26 0.0 91 27 0.0 91 
AMs-5 26 0.0 124 30 26 0.0 620 46 0.0 620 
AMs-6 26 0.0 488 100 26 0.0 226 43 0.0 226 
AMs-7 26 0.0 77 19 26 0.0 74 19 0.0 74 
AMS-8A 26 0.0 248 74 26 5.1 461 91 5.1 46 1 

AMs-9c 26 5.8 316 94 26 3.2 407 95 3.2 407 
AMs-22 26 8.4 289 101 26 0.37 493 70 0.37 493 
AMs-23 26 8.6 210 58 26 0.0 153 44 0.0 153 
AMs-24 26 0.4 76 28 26 0.0 125 18 0.0 125 
AMs-25 26 0.0 84 23 26 0.0 223 20 0.0 223 
AMs-26 26 0.0 231 47 26 0.0 233 30 0.0 233 
AMs-27 26 0.6 189 42 26 0.0 126 32 0.0 126 
AMS-2gb 26 16 384 94 26 5.1 401 67 5.1 40 1 

AMs-29 26 2.1 109 30 26 0.0 537 50 0.0 537 

Background 

AMs- 12 26 0.0 24 5.6 26 0.0 42 8.6 0.0 42 
AMs-16 26 0.0 154 15 26 0.0 38 10 0.0 38 

Project-Specific' 
WPTH-2 26 0.0 580 152 26 12 110 53 0.73 557 

aRefer to Figure C. 1-1 for sample locations. 
bSummary results for AMs-28 include WPTH-I ; these monitors were adjacent. 
'Project-specific monitor began operation on November 3, 1998. 
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THORIUM-232 PARTICULATE CONCENTRATIONS IN AIR FROM BIWEEKLY SAMPLING 

1998 through 2001 
Summary of 2002 Results Summary of 2001 Results Summary Results 

(pCi/m3 x 1 E-06) (pCi/m3 x 1 E-06) (pCi/m3 x 1 E-06) 
Locationa No. ofsamples Min. Max. Avg. No. ofsamples Min. Max. Avg. Min. Max. 
Fenceline 
AMS-2 26 0.0 22 4.5 26 0.0 19 8.4 0.0 19 
A M s 3  26 0.0 21 8.9 26 0.0 23 9.9 0.0 23 
AMS-4 26 0.0 1 1  4.0 26 0.0 22 5.7 0.0 22 
AMSJ 26 0.0 9.2 3.6 26 0.0 25 5.8 0.0 25 
AMS-6 26 0.0 17 5.4 26 0.0 22 5.8 0.0 22 
AMS-7 26 0.0 1 1  3.5 26 0.0 16 5.4 0.0 16 

AMS-IA 
AMS-9c 
AMS-22 
AMS-23 
AMS-24 
AMS-25 
AMS-26 
AMS-27 

26 
26 
26 
26 
26 
26 
26 
26 

0.0 18 5.9 
3.6 36 13 
0.0 11 5.6 
0.0 24 4.5 
0.0 16 5.2 
0.0 14 4.0 
0.0 10 4.1 
0.0 17 6.0 

26 
26 
26 
26 
26 
26 
26 
26 

1.1 33 1 1  
0.0 34 12 
0.0 35 8.0 
0.0 75 9.3 
0.0 11 4.3 
0.0 10 3.7 
0.0 12 4.9 
0.0 22 7.5 

0.0 33 
0.0 34 
0.0 35 
0.0 75 
0.0 11 
0.0 10 
0.0 14 
0.0 22 

26 0.0 13 4.3 26 0.0 33 6.9 0.0 33 
26 0.0 31 4.6 26 0.0 19 5.9 0.0 19 

Background 

AMS-I2 26 0.0 10 2.7 26 0.0 34 5.1 0.0 34 
AMS-16 26 0.0 35 9.0 26 0.0 18 6.6 0.0 18 

Project-Specific' 
WPTH-2 26 0.0 17 6.5 26 0.31 22 1.2 0.0 22 

aRefer to Figure C. 1-1 for sample locations. 
bSummary results for AMS-28 include WPTH-1; these monitors were adjacent. 
'Project-specific monitor began operation on November 3, 1998. 
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ATTACHMENT C.2 

As discussed in Chapter 5 of the 2002 Site Environmental Report, the FCP’s radon monitoring program 
primarily focuses on assessing the effects of radon emissions from the site’s major radon emission source 
(K-65 Silos 1 and 2) on the surrounding environment. The radon data collected under the program are 
compared to the radon concentration standards contained in DOE Order 5400.5, Radiation Protection of 
the Public and the Environment. The pertinent standards and associated 2002 compliance status are 
provided below: 

The DOE annual average limit at and beyond the facility fenceline is 3 picoCuries 
per liter (pCi/L) above background; there were no exceedances in 2002. 

The DOE annual average limit over the facility is 30 pCi/L above background; this limit was not 
exceeded in 2002. 

The DOE limit measured at any point over the facility is 100 pCi/L; there were 10 exceedance 
events during 2002. 

Continuous monitors are used at the Fernald site to determine compliance with these limits and track 
changes in radon concentrations. The following section summarizes the findings from the radon 
monitoring program for 2002. e 
Continuous Monitoring Results 
For 2002 the radon monitoring program operated 34 continuous environmental radon monitors during the 
year. The operational radon monitor run-time averaged approximately 95 percent for the 34 monitors. 
The five percent down-time was associated with downloading of instrument data, interruptions due to 
extremely cold temperatures, power interruptions, andor an increase in routine maintenance or project 
activities. 

Data from the continuous environmental radon monitors are provided in this attachment in the following 
two formats: 

Table C.2-1 provides a detailed summary of 100 pCi/L exceedances. During 2002 there were 
10 exceedance events of the 100 pCi/L DOE limit near the Silos 1 and 2 exclusion fence. 

Figure C.2-1 identifies the location of continuous environmental radon monitoring locations in 
2002. Figures C.2-2 through C.2-35 present the monthly average radon concentrations plotted 
over time for the 34 continuous environmental radon monitoring stations which operated 
during 2002. The 3 pCi/L (fenceline and off site) and 30 pCi/L limits (on site) have been added 
as reference points to the appropriate graphs to assist in evaluating the data. 

Table C.2-2 provides a summary of monthly average radon concentrations for the continuous 
environmental radon monitoring stations. 

0 
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Following the re-sealing activities on the silo domes in June 1999, radon data from the K-65 Silo area has 

been closely monitored in order to gauge the effectiveness in reducing radon emissions. During 2002, 

10 exceedance events of the 100 pCi/L DOE radon limit were observed as compared to 15 exceedance 

events in 2001. The decrease in the number of exceedance events is attributed to less frequent and less 

intense atmospheric inversions which tend to prevent the mixing and movement of air at ground level and 

allow radon concentrations in the vicinity of the silos to temporarily increase. 

4880 

c.2-2 
000571 
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4 8 8 0  

TABLE (2.2-1 

100 pCi/L RADON EXCEEDANCE EVENTS AT THE 
K-65 SILOS 1 AND 2 EXCLUSION FENCE FOR 2002 

Maximum Recorded 
Exceedance Duration of Exceedance Hourly Radon Concentration Monitoring I 

Event Date (hours) ( P C W  Location(s) 

1 102 
1/27 
2/23 

3/29 
5/22 
5/30 

9/09 
10114 

10/15 

11/24 

1 
2 

1 
3 
4 
1 
1 

3 
3 
1 

113 

136 
138 
2 14 
123 
104 
101 
176 
128 

181 

KNE 
KNE 
KNE 
KNE 

KNE, KSE 
KNE 
KSE 
KSE 

KNE, KSE 
KNE 

IEMP-ANM2002\APPENDIX\APP-~~.DOCWay 20.2003 9:17 AM C.2-3 
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TABLE C.2-2 

CONTINUOUS ENVIRONMENTAL RADON MONITORING 4 8 8 0  
MONTHLY AVERAGE CONCENTRATIONSa 

2002 Summary Results 
(Instrument Background Corrected)c 

2001 Summary Results 
(Instrument Background Corrected)' 

Locationb Min. Max. Avg. Min. Max. Avg. 
Fenceline 
AMs-02 0.0 0.8 0.4 0.1 0.6 0.3 
AMs-03 0.2 0.8 0.5. 0.1 0.7 0.3 
AMs-04 0.1 0.7 0.3 0.1 0.5 0.3 
AMS-05 0.1 0.9 0.4 0.1 0.8 0.4 
AMs-06 0.1 0.8 0.4 0.1 0.6 0.3 
AMs-07 0.2 1.2 0.5 0.2 0.8 0.4 
AMS-08A 0.1 0.7 0.3 0.1 0.7 0.4 
AMs-09C 0.0 0.7 0.3 0.0 0.8 0.3 
AMs-22 0.1 0.6 0.2 0.1 0.3 0.2 
AMs-23 0.0 0.4 0.2 0.1 0.3 0.2 
AMS-24 0.1 1.1 0.4 0. I 0.7 0.3 
AMs-25 0.1 0.8 0.3 0.1 0.7 0.3 
AMs-26 0.1 0.7 0.3 0.2 0.5 0.3 
AMs-27 0.1 1 .o 0.4 0.1 '0.8 0.4 
AMs-28 0.1 0.8 0.4 0.1 0.6 0.3 
AMs-29 0.1 0.5 0.3 0.1 0.5 0.2 
Background 
AMs-I2 0.1 0.5 0.2 0.1 0.5 0.3 
AMs-16 0.1 0.4 0.2 0.0 0.3 0.1 

(pCi/L) (pCi/L) 

On Site 
KNE 
KNO 
KNW 
KSE 
KSO 
KSW 
KTOP 
LP2 
Pilot Plant Warehouse 
PR- 1 
Rally Point 4 
Surge Lagoon 
TI I7 
T28 
TS4 
WP- 17A 

1.4 
1.1 
0.5 
1.1 
0.2 
0.7 
2.8 
0.4 
0.1 
0.1 
0.2 
0.4 
0.2 
0.4 
0.1 
0.1 

5.6 
2.7 
2.0 
3.6 
1.2 
1.7 
8.8 
1.4 
0.7 
1.1 
0.8 
1.3 
1 .o 
1 .o 
1.1 
1.1 

3.7 
1.7 
1.1 
2.4 
0.6 
1 .O 
4.7 
0.8 
0.4 
0.5 
0.4 
0.8 
0.4 
0.6 
0.6 
0.5 

1.1 
0.9 
0.4 
0.9 
0.3 
0.2 
3.0 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.3 
0.2 
0.2 

13.1 
2.3 
1.9 
4.5 
1.6 
1.8 
9.0 
1.2 
0.8 
0.9 
0.7 
1.4 
1.3 
1.1 
1 .O 
0.7 

3.9 
1.9 
0.8 
2.1 
0.6 
0.8 
5.5 
0.6 
0.4 
0.6 
0.4 
0.6 
0.5 
0.6 
0.5 
0.4 

"Monthly average radon concentrations are calculated from daily average concentrations. Instrument background corrected daily 
average concentrations are calculated by summing all hourly count data, treating the sum as a single daily measurement, and then 
converting the sum to a (daily average) concentration. 
kefer to Figure C.2-1 for sample locations. 
'Instrument background changes as monitors are replaced. e 
IEMP-ANN\1002\APPEh'DWP-C!C2DOCMay 20.2003 9 I7 AM c.2-4 000573 
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Direct radiation measurements were conducted at 37 locations using thermoluminescent 

dosimeters (TLDs) during 2002. Figure C.3-1 identifies all TLD locations for 2002. Three TLDs are 

deployed at each location and the measurements from each TLD are averaged on a quarterly basis. These 

measurements are used to track and evaluate environmental direct radiation levels. Ten locations are near 

the K-65 Silos, one additional on site location near the TLD processing center, 21 are located at the site 

fenceline, and five locations are also placed off site to measure background in areas unaffected by site 

activities. 

Five additional TLD locations (locations 43 through 47 in Figure C.3-1) were added to the Silo area and 

modified in late 2002 to take into account the pending relocation of the wastes stored in Silos 1 and 2. 

Locations 43 and 44 were selected based on the need to monitor direct radiation levels from the silo 

wastes as the berm is excavated. Monitoring locations 45,46, and 47 were selected based on the need to 

monitor direct radiation levels from the silo wastes and their associated high levels of radon as the wastes 

are transferred from the silos, to the transfer tank area, and eventually to the waste treatment facility. 

More specifically, the new locations were selected to monitor the movement of these materials as it 

affects radiation levels at the site fenceline. 

Table C.3-1 provides the annual average TLD data for 2002. For comparison, annual average data 

collected during 2001 has been included. In general, the TLD data for 2002 from the fenceline and 

background locations indicate a small increase in radiation levels when compared to 200 1 .  The small 

increase is attributed to variations in the performance and laboratory processing of the TLDs. 

As discussed in Chapter 5 of this report, from 1993 to 2001 , there was a gradual upward trend in direct 

radiation measurements in the immediate area of the K-65 Silos. During 2002 the upward trend slowed 

and direct radiation measurements near the K-65 Silos stabilized. The change in the upward trend was 

attributable to comparatively stable radon concentrations and associated decay products within the 

K-65 Silos' headspace. In December 2002 the headspace radon concentrations were temporarily lowered 

through the operation of the Radon Control System (RCS). The small decrease in the direct radiation 

levels at locations 22 and 24 during 2002 is partly attributable to the operation of the RCS. 

The increasing trend in direct radiation levels at the site's western fenceline (1998 through 2001) also 

stabilized in 2002, particularly at TLD location 6 which is located closest to the K-65. The increasing 

direct radiation levels in these areas are the result of the increasing radon (and associated decay products) 
0 

C.3-1 800610 



FCP-SER-OZFINAL 
Appendix C, Att. 3, Revision 0 

May 2003 

4880 
. -~ -- ~ ___ __ _ _ _ ~  _ _ _ ~ -  -__ 

concentrations in the headspace of the K-65 Silos 1 and 2. The 2002 results are still less than the levels 

observed prior to the addition of bentonite to the silos in 1991. These data are being considered in the 

design of the Accelerated Waste Retrieval Project for K-65 Silos 1 and 2, which will address both radon 

and direct radiation concerns associated with the K-65 waste materials. Monitoring for direct radiation 

will continue until completion of remediation at the K-65 Silos. 

008611 
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DIRECT RADIATION (TLD) MEASUREMENTS 

Direct Radiation (mrem) 

Locationa 2002 Summary Resultsb 2001 Summary Resultsb 
Fenceline 
2 83 79 
3 82 77 
4 78 73 
5 80 73 
6 97 90 
7 80 75 
8A 84 78 
9 c  87 82 
13 85 78 
14 84 80 
15 91 86 
16 97 90 
17 82 78 
34 82 79 
35 76 75 
36 71 69 
37 87 84 
38 72 69 
39 87 86 
40 76 74 
41 83 79 
Min. 71 69 
Max. 97 90 

1204 
On Site (K-65 area) 
22 1196 
23A 1220 1103 

25 1058 1056 
26 689 668 
43c 316 - 
44' 322 - 
45' 117 - 
46' 122 - 
47c 59 - 

32 (Bldg. 53A Dosimetry Lab) 56 58 
Min. (K-65 area) 59 668 
Max. (K-65 area) 1220 1204 
Background 
19 73 69 
20 70 67 
27 71 68 

24 934 95 1 

33 76 79 
42 83 79 

Max. 83 79 
Min. 70 67 

"Refer to Figure C.3-1 for sample locations. 
bSummary result value may not always agree with quarterly results due to rounding differences. 
'Summary results are extrapolated results. 000612 
IEMP-ANM2002WPENDIX\APP-C\C3.~Uay 20,2003 921- c.3-3 
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Meteorological data were recorded at the site meteorological station during 2002. Meteorological data 

recovery for 2002 was 99 percent. As shown in Table C.4-1, data from the 10-meter and 60-meter 

elevations are reported as a monthly maximum hourly average and a monthly minimum hourly average. 

Ambient air temperature is provided which includes monthly average temperature, and daily maximum 

and minimum values per month. The precipitation totals include the monthly total and daily maximum 

values recorded during 2002. Table C.4-2 presents the 2002 average wind speed and percent of time from 

direction at the 10-meter and 60-meter elevations. 

For 2002 the highest hourly average wind speed at the 10-meter elevation was measured at 54 miles per 

hour (mph) during March while the lowest hourly average wind speed (calm winds) were measured at 

zero mph in August, September, October, and December. At the 60-meter elevation, the highest hourly 

average wind speed was measured at 75 mph during March while the lowest hourly average wind speed 

was also measured at zero mph in May, August, September, October, and December. The prevailing 

winds were from directions west through south-southwest approximately 48.1 percent of the time at 

10-meters and west-southwest through south approximately 44.4 percent of the time at 60-meters. The 

winds out of the east-southeast were least predominant, occurring less than two percent of the time. 

The monthly average temperatures during 2002 ranged from 34.4 degrees Fahrenheit (OF) (1.32 degrees 

Celsius ["C]) in December to 77°F (25°C) in July. The coldest day was 16.4"F (-8.6"C) recorded in 

March and the warmest day was 84.7"F (29.0"C) recorded in July. 

Total precipitation for 2002 measured 48.96 inches (124.36 centimeters [cm]), which is 7.94 inches 

(20.17 cm) above the annual average precipitation of 41.02 inches (104.19 cm) for the period 195 1 

through 2001. For comparison, the total annual precipitation in 2001 was 46.55 inches (1 18.24 cm). The 

highest amount of precipitation was measured during May (8.57 inches [21.77 cm]) and the lowest 

amount was measured during July (0.85 inches [2.16 cm]). 
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TABLE C.4-2 

2002 AVERAGE WIND SPEED AND PERCENT OF TIME FROM 
DIRECTION AT TEN AND SIXTY METERS ABOVE GROUND LEVEL 

4 8 8 0 
Average 10-meter Average 60-meter 

Wind Speed Percent of Time Wind Speed Percent of Time 
Direction (mph) ( b h )  from Direction (mph) ( b h )  from Direction 

N 4.9 7.9 3.7 7.1 11.5 3.7 

NNE 5.3 8.6 3.9 7.8 12.5 4.7 

NE 5.2 8.3 6.5 7.1 11.5 10.1 

ENE 5.0 8.0 5.9 6.6 10.7 7.5 

E 3.1 4.9 2.8 5.6 9.0 2.7 

ESE 2.2 3.6 1.8 5.4 8.7 1.5 

SE 2.8 4.6 2.2 6.0 9.7 2.2 

SSE 3.7 5.9 3 .O 7.8 12.6 3.0 

S 5.2 8.4 6.3 9.6 15.5 7.0 

ssw 6.1 9.7 14.4 10.3 16.6 14.9 

sw 4.3 7.0 14.7 8.9 14.3 13.1 

wsw 3.9 6.2 10.5 10.0 16.1 9.5 

W e wNw 
4.5 

4.4 

7.2 

7.0 

8.4 

6.1 

9.4 

9.5 

15.1 

15.3 

6.8 

4.2 

NW 4.7 7.6 6.1 9.4 15.1 5.0 

NNW 5.2 8.3 3.6 7.5 12.0 4.0 

IE.MP-ANNUOOZ\APPEh’DIX\APP-C\C4.DOCMay 20,2003 926A.U 
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ATTACHMENT C.5 - 4 8 8 0  

Attachment C.5 provides a detailed discussion of the supplemental dose assessments performed for 2002. 

For comparison, the results of supplemental dose assessments from 1998 through 2001 are also provided. 

A population dose assessment and a biota dose assessment are the components of the supplemental dose 

assessment. Each assessment provides information related to the Fernald site's compliance with the 

DOE standards contained in DOE Order 5400.5. 

Methods and results for the population dose assessment and a biota dose assessment are provided. The 

population dose assessment provides an aggregate measure of the impact of airborne emissions from the 

Fernald site to the population in the area. The biota dose assessment provides information related to the 

Fernald site's compliance with the dose limit of 1 rad/day (10 milliGray/day [mGy/day]) in accordance 

with the standards contained in DOE Order 5400.5. 

Powlation Dose Assessment 

Computation of a population dose is a requirement of DOE Order 5400.5. Within DOE Order 5400.5, 

population dose is referred to as the collective effective dose equivalent. For 2002, the population dose 

was calculated to be 3.7 person-redyear. This includes 3.47 person-rem/year from site airborne 

emissions (excluding radon) and 0.23 person-redyear from the direct radiation component. 

The air inhalation dose component was estimated by using the population within 50 miles (80 km) of the 

site as it is distributed between four equally sized quadrants. The four quadrants are based on general 

wind directions (northeast, southeast, etc.). A dose is estimated for each population quadrant based on the 

average fenceline air concentration in the quadrant, the population at varying distances from the site, and 

the dose conversion factors. The following conservative assumptions are used in the calculations: 

0 Inhalation rate of 1.2 cubic meters (m3) per hour for 8,760 hours per year (ICW 1997). 

0 Population distribution in area (1 996 Fernald Site Environmental Report, Table 2). 

0 Wind rose data (refer to Appendix D, Figure D-2). 

0 Average fenceline concentrations are applied as a constant out to three miles (the nearest site 
background monitor). For populations beyond this distance, the applied concentration is 
proportional to the inverse square of the distance (i.e., 1/R2). 

Inhalation dose conversion factors (DOE/EH-0071). ' 0 

808619 
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The-k&ec‘tra+diation dose component was estimated by using the population distribution within 

50 miles (80 km) of the site as it is distributed between 16 equally sized sectors. The 16 sectors are based 

on the compass directions (north, north-northeast, northeast, etc.). A dose is estimated for each 

population sector based on the net increase in direct radiation levels at the site fenceline as measured by 

TLDs and the distance between the location of the population and the major source of radiation at the 

Fernald site (e.g., K-65 Silos). The following conservative assumptions are used in the calculations: 

Population lives 8,760 hours per year in area (1 996 Site Environmental Report, Table 2). 

The number of people per household is estimated by total population per sector per mile divided 
by number of households per sector per mile. 

K-65 Silos are modeled as a point source of radiation. 

The net direct radiation levels are calculated from fenceline TLD results minus average 
background results. 

0 The direct radiation levels attributable to the K-65 Silos extends up to 4,400 feet away from the 
K-65 Silos. 

e Table C.5.1 provides a summary of the estimated population doses from 1998 through 2002. The 

increase in the population dose from 1999 to 2000 reflects a change in the method used to estimate 

population dose. As indicated in Table C.5.1, the air inhalation component has consistently been the 

largest contributor of total population dose, reflecting the fact that airborne emissions from the Fernald 

site can potentially reach a much larger population than direct radiation from the K-65 silos. For 

comparison, the population within 50 miles of the Fernald site received an estimated collective effective 

dose of 300,000 person-rem (3,000 person-Sv) from background radiation, excluding radon. 

Biota Dose Assessment 

DOE Order 5400.5 requires that populations of aquatic biota be protected at a dose limit of 1 rad/day 

(10 mGy/day). The DOE has issued a technical standard entitled “A Graded Approach for Evaluating 

Radiation Doses to Aquatic and Terrestrial Biota (ENVR-0011)” and supporting software (RAD-BCG) 

for use in the evaluating and reporting of compliance with biota dose limits. 

The dose and compliance assessment process involves comparing concentrations of contaminants 

measured in surface water and sediment samples to pre-established Biota Concentration Guides (BCGs) 

for specific radionuclides. More specifically, the measured contaminant concentration in water andor 

sediment is divided by the appropriate BCG value. If the resulting fraction is less than 1 .O, compliance 

with the biota dose limit is assured. The BCGs were set so that real biota exposed to such concentrations 

IEhfP-ANNU002WPENDIXP43CS.DOC\May 20,2003 928 Ah4 C.5-2 800620 
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would%not be e$pected to exceed the biota dose limit of 1 radday (10 mGy/day). BCGs have been 

established for a set of radionuclides that are relatively common constituents in past radionuclide releases 

to the environment from DOE facilities. At facilities such as Fernald, where multiple contaminants 

(e.g., uranium, radium, and thorium) can be released, a "sum of the fractions'' rule applies. Compliance 

with the biota dose limit is assured if the sum of the fractions from multiple contaminants is less than 1 .O. 

I g ,b? 

For 1998 through 2002, the FCP determined compliance with the dose limit to aquatic biota by using the 

maximum concentrations of applicable radionuclides found in effluent discharged to the Great Miami 

River (see Chapter 4) as input into the RAD-BCG computer model. The effluent concentrations were 

diluted by the average flow in the Great Miami River to determine an upper bound of the radionuclide 

concentration that populations of aquatic organisms could be exposed to. Table C.5-2 contains a 

summary of the output from the RAD-BCG computer model for 1998 through 2002. The results of these 

assessments consistently indicate that the sum of the fractions was well below the compliance threshold 

value of 1 .O for each of the past five years. 
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TABLE C.5-1 

ESTIMATED POPULATION DOSES 
(1998 through 2002) 

4 8 8 0  * 
1998 1999 2000 2001 2002 

Air inhalation dose component 
(person-rem) 0.97 1.19 3.29 3.35 3.47 

Direct radiation dose component 
(person-rem) NAa 0.127 0.108 0.159 0.23 

Total Population dose 
(person-rem) 0.97b 1.31 3.87' 3.51 3.7 

aNA = not applicable 
Direct radiation dose component of 0.08 person-rem was not included in the total population dose in 1998. 

Total population dose for 2000 includes a foodstuff dose component of 0.48 person-rem 
b .  
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TABLE C.5-2 S 

- 4 8 8 0  ESTIMATED SUM OF THE FRACTIONS FOR BIOTA DOSE 
(1998 through 2002) 

RAD-BCG Output 1998 1999 2000 200 1 2002 

Sum of the fractions 0.030 0.015 0.035 0.038 0.023 

IEMP-ANM2002WPENDIXP~C5.DOC\May 20.2003 9:zBAM c.5-5 
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PREAMBLE 
4 8 8 0  

On May 23, 1997, the U.S. Department of Energy (DOE) Fernald Closure Project (FCP) submitted a 

written request to the U.S. Environmental Protection Agency (EPA) for approval to use an alternate 

approach for demonstrating compliance with the National Emission Standards for Hazardous Air 

Pollutants (NESHAP), Subpart H requirements (DOE 1997). The alternate approach uses environmental 

measurements of airborne radionuclide concentrations (as provided for under 40 Code of Federal 

Regulations 6 1.93 b][5]) rather than air dispersion modeling to demonstrate that radionuclide emissions 

resulting from FCP operations remain below the annual NESHAP Subpart H standard. The request for 

approval of the alternative approach was driven by the recognition that the dominant sources of 

radiological emissions at the Fernald site had changed as the mission of the site changed from uranium 

metal production (which ended in 1989) to environmental remediation. During production, the primary 

emission sources from the facility were point sources (stacks and vents). However, under the current 

mission of full-scale environmental remediation, the dominant emission sources are fugitive emissions 

from diffuse sources (e.g., large-scale'excavations, wind erosion from stockpiled materials, 

decontamination and dismantling, etc.). Because there is a high degree of uncertainty associated with 

modeling fugitive emissions, environmental measurements were proposed as an alternative to provide a 

more accurate assessment of site's emissions. * 
On August 1 1, 1997, the EPA granted approval to use environmental measurements as an alternative 

methodology for demonstrating NESHAP compliance (EPA 1997). The FCP began using environmental 

measurements for NESHAP compliance purposes in 1998. 

SUMMARY 

For CY 2002 the maximum effective dose equivalent from emissions of radionuclides to the ambient air, 

based on radionuclide measurements at the Fernald site fenceline, is estimated to be 0.8 millirem (mrem) 

(8.OE-03 millisieverts [mSv]), which is in compliance with the Subpart H standard of 10 mrem. This 

estimation is based on the FCP's radiological air particulate monitoring program which consists of a 

network of high-volume air monitoring stations (AMs) operated continuously during the year at the 
Fernald facility fenceline and background locations. 

D-I 080631 
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SECTION I: FACILITY INFORMATION - 

A. Site DescriDtion 

The Fernald site is located on a 1,050-acre (425-hectare) area approximately 18 miles 

(29 kilometers [lan]) northwest of downtown Cincinnati, Ohio, just north of the small farming community 

of Fernald, Ohio. The former production area covers approximately 136 acres (55 hectares) in the center 

of the site. 

The area immediately surrounding the site is primarily rural in nature, characterized by the predominance 

of agriculture, with some light industry and private residences. The site is located on a relatively level 

plain, outside of the 500-year flood plain of the Great Miami River, in an ancestral river valley known as 

the New Haven Trough. 

The climate is characterized as continental/subtropical depending on the seasons, with CY 2002 average 

temperatures ranging from approximately 28°F (-2 degrees Celsius ["C]) in January to 75°F (24°C) in 

July. Average annual precipitation is approximately 41 inches (104 centimeters [cm]) per year. 

Prevailing wind flow is from the south-southwest. e 
For 37 years, the former Feed Materials Production Center (Fernald site) produced uranium metals for 

DOE and its predecessors. On July 10, 1989, uranium metals production was suspended. Management 

responsibilities of the Fernald site were transferred from the Defense Programs organization to the 

DOE'S Office of Environmental Restoration and Waste Management. 

Currently, remedial action activities at the Fernald site are conducted under the Comprehensive 

Environmental Response, Compensation, and Liability Act. These activities include sample analysis; 

waste characterization; the management, treatment, storage, and disposal of hazardous, mixed, low-level 

and solid wastes; and the decontamination and cleanup of radioactively contaminated buildings, 

equipment, soils, and waters. The site also manages containerized thorium wastes and K-65 Silos waste 

material (which contains radium and produces radon gas). 

B. Source DescriDtions 

The majority of the radioactive airborne contaminants at the Fernald site consist of thorium and uranium 

isotopes. Additional radioactive airborne contaminants consist of daughter products from the uranium, 

actinium, and thorium series decay chains. 
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For CY 2002, potential radionuclide emissions sources at the FCP included: 
I\ 3) I:, 3 
L )  

Building 15, emissions from laboratory operations 

Building 20, cooling towers 

Building 30, drum sampling lines 

Building 5 1 , emissions from the advanced wastewater treatment facility 

Building 56, fugitive emissions from packaging of enriched ingots and derbies 

Building 7 1 ,* emissions from material sorting and repackaging operations 

Building 79, emissions from decanting/over-packing operations 

Building 80, fugitive emissions from metal fuelcore repackaging operations 

Plant 2/3 , fugitive emissions generated from decontamination and dismantling 

Plant 8 , fugitive emissions generated from decontamination and dismantling 

On-site disposal facility waste placement and its material transfer area, fugitive emissions from 
size reducing material prior to and during placement in the on-site disposal facility 

Silos Project, Radon Control System* testing and start-up 

Waste Pits Remedial Action Project dryer stack,* pugmill ventilation system,* dryer and 
laboratory operations 

Other sources include hgitive emissions from Waste Pits Remedial Action Project excavations of 
Waste Pits 1-5; excavations for the pipe trench removal project; various boxrow area excavations 
in clean areas; wind erosion of stockpiles (e.g., Soil Pile 7); decontamination and dismantlement 
of Plant 6; and earth-moving equipment, material handling, and storage operations. 

* Indicates point sources that were continuously monitored during process operations. 
Table D-1 provides a summary of data from point source monitors; it is included as supporting 
documentation but is not used to demonstrate 40 Code of Federal Regulations 61.92 
compliance. 

All monitored stacks are equipped with a high-efficiency particulate air (HEPA) filter used for effluent 

controls. HEPA filters are 99.97 percent efficient for particles of 0.3 microns or larger. Additionally, 

HEPA filtration systems are used throughout the Fernald site in adhering to the 

as-low-as-reasonably-achievable philosophy. In accordance with 40 Code of Federal Regulations 

61.94@)(5), some examples of HEPA filters used at the Fernald site include off-gas control systems, 

vacuum cleaner exhaust controls, negative pressure ventilation controls, venting glove bags and glove 

boxes, and ,general decontamination efforts. Table D-2 is provided to comply with 40 Code of Federal 

Regulations 61.94 @)(6), which requires reporting the distances from the points of release to the nearest 
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residence, school, business, etc. The information in this table is included as supporting documentation 

but is not used to demonstrate 40 Code of Federal Regulations 61.92 compliance. 

C. Radiological Air Particulate Monitoring Program DescriDtion 

The FCP’s radiological air monitoring program for CY2002 is defined in the Integrated Environmental 

Monitoring Plan (IEMP), Revision 2 (DOE 2001). The program design, as approved by the EPA, is 

summarized as follows: 

Monitoring EquiDment and Locations 

0 A network of 18 high-volume environmental AMs’s comprise the FCP’s radiological air 
particulate monitoring program for NESHAP compliance (refer to Figure D-1 for monitoring 
locations). The monitors draw air continuously through 8-inch by 10-inch filters at a rate of 
40-50 cubic feet per minute (ft3/min.) (1.13 - 1.42 cubic meters per minute[m3/min.]). Each Ah4S 
contains a flow-rate chart recorder and an hour-meter that provides a record of the monitors’ 
operational run-time over the sampling period. Additionally, each AMs is’equipped with flow 
controllers that maintain a constant airflow through the monitor automatically adjusting 
blower/motor speed to correct for variations in line voltage, temperature, pressure, or filter 
loading. 

The 18 A M s ’ s  are divided among on-site and background monitoring locations. Sixteen 
monitors are located on the Femald site fenceline generally corresponding to the 16 wind rose 
sectors. Two monitors collect background data and are located in the predominant upwind 
directions of northwest (3.2 miles) and southwest (6.2 miles) from the center of the Femald site. 
The EPA siting criteria (40 Code of Federal Regulations 58, Appendix E) were considered when 
selecting these locations. 

0 

Analytical Regime and Sampling Freauencv 

The analytical regime and sampling frequency for this program was designed to account for the major 

contributors to dose as defined in 40 Code of Federal Regulations 61.93(b)(5)(ii) for the purpose of 

demonstrating NESHAP Subpart H compliance. 

0 Filters were exchanged on a biweekly basis and analyzed for total uranium, isotopic thorium, and 
total particulates. These data are used to track site emissions routinely throughout the year to 
ensure emission controls at the FCP are operating effectively. 

0 A portion of each biweekly filter was retained and used to form a quarterly composite sample. 
The composite sample is analyzed for the radionuclides expected to be the major contributors to 
dose from site emissions. The results of the quarterly data are used to track compliance against 
the NESHAP Subpart H standard during the year and for demonstrating compliance at the end of 
the year. 

D-4 000634 
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Isotopes that comprise the quarterly composite analysis were selected based on the following a 
considerations: 

Radionuclides which are stored in large quantities at the Fernald site and which will be handled or 
processed during the remediation effort (uranium, thorium-230, thorium-232, and radium-226). 

0 Radionuclides which have been the major contributors to dose based on environmental and stack 
filter measurements (uranium). 

Radionuclides that, due to their concentrations in waste and contaminated soil, will be the major 
contributors to dose (uranium, thorium-228, and thorium-230). 

Uranium-238, thorium-232, and uranium-235 are initial radionuclides in the uranium, thorium, and 

actinide decay chains, respectively. The majority of uranium and thorium received and processed during 

the production era of the Fernald site had been separated from its decay chain progeny prior to shipment 

to the site. As a result, decay chain progeny products were not in equilibrium with the parent 

concentrations, but may have grown into equilibrium with their parents during the history of operations at 

the site. In addition to the potential in-growth of decay chain progeny, some of the progeny are difficult 

to quantify using standard radiochemistry analytical techniques. Analysis is particularly difficult given 

the limited sample volume and low environmental concentrations of all radionuclides in the quarterly 

composite samples. In order to account for the progeny's contribution to dose (while avoiding analytical 

difficulties), a number of progeny radionuclides can conservatively be considered to be present in 

equilibrium with their parents. These radionuclides (thorium-234, radium-228, actinium-228, 

radium-224, and thorium-23 1) are assumed to be in equilibrium with their parent concentrations as 

measured in the quarterly composites. Table D-3 summarizes measured net air concentrations. 

Air Emission Data ReDorting 

In addition to this report, the biweekly and quarterly composite data associated with this program were 

tracked and reported to the EPA and Ohio Environmental Protection Agency (OEPA) through the 

EMF' mid-year status report during CY 2002. In conjunction with the mid-year report, all monitoring 

data were provided to the EPA and OEPA electronically via the Fernald extranet. 
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SECTION II: AIR EMISSIONS DATA 

A. Air Monitoring Data Completeness Status 

During CY 2002 there were no lost or rejected samples. 

B. Air Monitoring Station Operational Performance 

During CY 2002, operational run-times for the 18 NESHAP AMs's averaged 99.4 percent, with all 

monitors operating in excess of the 95 percent minimum expectation. In general, interruptions in monitor 

operations that were encountered during CY 2002 were the result of power failures andor equipment 

failures, and down time for filter exchanges (refer to Table D-4). 

SECTION 111: DOSE ASSESSMENT 

Based on the sum of the quarterly isotopic results and annual air volumes, the net measured 

concentrations for each radionuclide were calculated at each fenceline air monitor to determine annual 

average concentrations. The annual average concentrations at each fenceline air monitor are divided by 

the corresponding values listed in Subpart H of 40 Code of Federal Regulations 6 1, Appendix E, Table 2 

to form a radionuclide-specific compliance ratio. At each fenceline air monitor, the sum of the 

radionuclide-specific compliance ratios was determined. Refer to Table D-5 for the NESHAP compliance 

ratios at each air monitor. The maximum value of the sum of the ratios was 0.08 and occurred at 

AMS-9C. AMS-9C operated 99.9 percent of the time during 2002. 

In accordance with 40 Code of Federal Regulations 61.107, compliance with the NESHAP standard is 

demonstrated when the sum of the ratios is less than 1. Based on this approach for demonstrating 

compliance, the 40 Code of Federal Regulations 61, Appendix E, Table 2 values can be assumed to 

represent the annual average radionuclide concentrations that correspond to a 10-mrem annual effective 

dose equivalent. It follows that a hction of the 40 Code of Federal Regulations 61, Appendix E, Table 2 

values would correspond to an equivalent fraction of a 10-mrem annual effective dose equivalent. 

Based on the assumption above, the sum of the radionuclide-specific compliance ratios can be converted 

to a dose by multiplying the ratio by 10. The maximum value of the sum of the ratios (0.08) converts to a 

maximum effective dose equivalent of 0.8 mrem (8.OE-03 mSv) at the property boundary 

fenceline (AMS-9C). Because the nearest residence is located approximately 2,500 feet (762 meters) 

downwind (east-southeast) from AMS-gC, the actual dose received by this receptor would be 

substantially lower than 0.8 mrem (8.OE-03 mSv). 

IFMP-A\-D-R€'I.D33 M.y 19. XO3 7.46 Ah! D-6 000636 

0 



SECTION IV: COMPLIANCE ASSESSMENT 
4 8 8 0  @ 

For CY 2002 the maximum effective dose equivalent from emissions of radionuclides to the ambient air, 

based on radionuclide measurements at the Fernald property boundary fenceline, is estimated to be 

0.8 mrem (8.OE-03 mSv), which is in compliance with the Subpart H standard of 10 mrem (0.1 mSv). 

SECTION V: ADDITIONAL INFORMATION 

A. Meteorological Data 

Refer to Figure D-2 for the CY 2002 wind rose data. 

B. ConstructiodModifications at the FCP 

There were four projects completed in CY 2002 for which the requirements to apply to the EPA for 

approval to construct or modify were waived due to the provisions of 40 Code of Federal 

Regulations 61.96. These projects were: 

0 

0 

0 

0 Building 80 Enclosure 

Building 79 Enclosure - Part 1 
Building 79 Enclosure - Part 2 
Building 79 Enclosure - Part 1A 

Attachment D. 1 contains CAP88-PC computer model runs as supporting documentation for the waivers. 

C. Undanned Releases of Radionuclides 

There were 385 potential release notifications received by the site’s release evaluators during CY 2002. 

The notifications included all spills and/or releases of chemicals, oils, radiologcal material, or other 

hazardous materials. Of the 385 notifications, 20 releases were identified as having the potential for 

airborne radiological emissions. A review of these 20 releases in combination with the environmental 

measurement data collected during 2002 found that none of the releases were significant with respect to 

determining compliance with Subpart H. 

, 
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TABLE D-1 

NESHAP STACK EMISSIONS MONITORING RESULTS 

CY 2002 Annual Results 
Stack Location/ Number of Samples 
Analysis Performed (including rinsate) Total Poundsab 
Building 71 Stack 
Total Uranium 5 2.7E-05 
Uranium-238 3 1.5E-05 
Uranium-235/236 3 ND 
Uranium-234 3 1 .OE-09 
Thorium-232 5 3.1 E-05 
Thorium-230 5 4.3E-10 
Thorium-228 5 4.2E-15 
Total Particulate 5 l.lE-01 

Silos Project Radon Control System Stack 
Uranium-238 1 
Uranium-23 5/23 6 1 
Uranium-234 1 
Thorium-23 2 1 
ThoriUm-23 0 1 
Thorium-22 8 a Thorium-227 
Radium-226 

ND 
ND 
ND 
ND 

1.5E-09 
ND 
ND 
ND 

2.9E-15 Polonium-2 10 1 
Total Particulate 1 
Waste Pits Remedial Action Project Dryer Stack 
Uranium-23 8 14 1.6E-05 
Uranium-235/23 6 14 2.5E-08 
Uranium-234 14 5.8E- 10 
Thorium-23 2 14 1 .OE-06 

2.4E-10 
Thorium-228 14 3.2E-16 
Radium-22 6 14 4.4E-13 

0 . OE+OO 

Thorium-230 14 

Waste Pits Remedial Action Project Pugmill Stack 
Uranium-238 37 9.1E-04 
Uranium-235/236 37 3.3E-06 
Uranium-234 37 2.5E-08 
Thorium-23 2 37 2.1E-04 

5.8E-08 Thori~m-230 37 
Thorium-228 37 3.5E-14 

"ND = not detectable 
votal pounds are only determined from detected results. 

D-8 808638 



a TABLE D-2" 

DISTANCE AND DIRECTION FROM POINTS OF RELEASE TO PUBLIC RECEPTORS 

Percent Distance and Direction to Nearest 
Source Type of Control Efficiencyb Off-Site Receptor' 

Building 15 

Perchloric Stacks 
HEPA Exhaust 

None NA 921m WSW 
HEPA 99.97 921m WSW 

General Exhaust None NA 921m WSW 

Buildine 51 None NA 676m WSW 
Building 20 None NA 1108m E 

Building 30 HEPA 99.97 919mN 

Building 56 HEPA 99.97 750m N 

Building 7 1 HEPA 99.97 934m N 

Building 79 

Enclosure - Part 1 HEPA 99.97 765m ESE 

Enclosure - Part2 HEPA 99.97 1120mN 
Enclosure - Part 1A HEPA 99.97 395m E 

Building 80 HEPA 99.97 829m W 

Plant 213 None NA 1067m WSW 

Plant 8 None NA 1067m WSW 

Silos Project, Radon Control System HEPA 99.97 506m SW 

W P M  

Dryer Stack HEPA 99.97 904m NNE 
Purrmill ventilation Svstem HEPA 99.97 904m NhT 

Table D-2 is included to comply with 40 Code of Federal Regulations 61.94 (b)(6) and not used to demonstrate 
compliance with 40 Code of Federal Regulations 6 1.92. 
%A = not applicable 
Wearest or maximally exposure receptor. 

D-9 000639 
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TABLE D-3 

CY 2002 NET AIR CONCENTRATIONS' 

Uranium Thorium Radium 
( p ~ i / ~ 3 )  b,c ( p ~ i / m ~ ) ~ * '  ( ~ i / ~ 3 ) b . ~  

Location 234 2351236 238 228 230 232 226 

Fenceline 

AMs-2 

AMs-3 

AMs-4 

AMs-5 

AMs-6 

AMs-7 

AMs-8A 

AMs-9c 

AMs-22 

AMs-23 

AMs-24 

AMs-25 

AMs-26 

AMs-27 

AMs-28 

AMs-29 

4.1E-05 

9.3E-05 

1.4E-05 

9.8E-06 

3.3E-05 

8.6E-06 

9.OE-05 

1 .OE-04 

4.2E-05 

4.2E-05 

1.2E-05 

6.3E-06 

2.1 E-05 

2.7E-05 

4.2E-05 

3.6E-05 

4.7E-06 

7.2E-06 

1.2E-06 

l.lE-06 

3.6E-06 

0 . OE+OO 

8.5E-06 

6.8E-06 

4.2E-06 

4.4E-06 

1.3E-06 

2.1E-08 

1.9E-06 

2.6E-06 

3.9E-06 

3.2E-06 

5.2E-05 

9.9E-05 

1.5E-05 

1.4E-05 

6.1 E-05 

1.2E-05 

9.4E-05 

l.lE-04 

5.8E-05 

5.6E-05 

1.8E-05 

8.2E-06 

2.7E-05 

3.7E-05 

6.3E-05 

3.8E-05 

1.8E-06 

4.2E-06 

5.2E-07 

O.OE+OO 

2.1E-06 

O.OE+OO 

2.9E-06 

9.7E-06 

1.6E-06 

1.7E-06 

1.8E-06 

5.2E-07 

O.OE+OO 

4.OE-06 

5.5E-07 

3.2E-06 

5.OE-05 

8.6E-05 

2.2E-05 

3.1E-05 

1.3E-04 

1.9E-05 

7.9E-05 

9.1E-05 

9.OE-05 

5.6E-05 

2.1E-05 

1.1E-05 

5.6E-05 

4.2E-05 

l.lE-04 

3.8E-05 

1.2E-06 

3.2E-06 

8.1E-08 

O.OE+OO 

6.5E-07 

O.OE+OO 

2.1E-06 

8.1E-06 

3.2E-07 

3.8E-07 

8.5E-07 

O.OE+OO 

O.OE+OO 

3.2E-06 

O.OE+OO 

2.4E-06 

O.OE+OO . 

1.1E-05 

l.lE-05 

O.OE+OO 

l.lE-05 

O.OE+OO 

1.3E-05 

1.4E-05 

5.3E-06 

3.1E-06 

3.8E-06 

O.OE+OO 

O.OE+OO 

9.4E-06 

7.1E-06 

1.7E-05 

Background 

AMs-12 6.3E-06 2.4E-07 6.2E-06 3.9E-06 6.6E-06 4.OE-06 7.9E-05 

AMs- 16 9.6E-06 3.8E-07 8.9E-06 1 .OE-05 1.1 E-05 8.4E-06 8.1E-05 

'Fencline air concentrations adjusted by average background concentrations and blank filter results. 
?%onum-234, radium-228, actinium-228, radium-224, and thorium-23 1 are considered to be in equilibrium with 
their parent of the primordial decay chain (i.e., thorium-234 pCi/m3 = uranium-238 pCi/m3; radium-228 pCi/m3 = 
thonum-232 pCi/m3; and actinium-228 pCi/m3, radium-224 pCi/m3, and thorium-23 1 pCi/m3 = 
uranium 235 pCi/m3). 
'O.OOE+OO indicates the filter results were less than or equal to the blank results, and/or the indicator concentrations 
were less than or equal to the average background concentrations. 

000640 
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TABLE D-4 

CY 2002 OPERATIONAL SUMMARY FOR 
AIR PARTICULATE MONITORING STATIONS 

4 8 8 0  * 
Number of Sample Last Sample Operating Percent 

Location Samples Start Date Collection Date Time (hours)" of Operation 

Fenceline 

8636.5 99.1 AMs-2 26 1212610 1 12/23/02 

8658.8 99.4 AMs-3 26 1212610 1 12/23/02 

A M S - 4  26 12/26/01 12/23/02 8598.2 98.7 

AMs-5 26 12/26/01 12/23/02 868 1.4 99.6 

8665.6 99.5 AMs-6 26 1212610 1 12/23/02 

AMs-7 26 1 212 610 1 . 12/23/02 8672.6 99.5 

AMs-8A 26 1212610 1 12/23/02 8633.6 99.1 

8700.3 99.9 AMs-9c 26 1 212610 1 12/23/02 

AMs-22 26 1 212 610 1 12/23/02 8689.8 99.7 

AMs-23 26 1212610 1 12/23/02 8646.8 99.3 

8630.7 99.1 AMs-24 26 12/26/01 12/23/02 

AMs-25 26 1212610 1 12/23/02 8616.9 98.9 

8655.6 99.4 AMs-26 26 1212610 1 12/23/02 

8664.9 99.5 AMs-27 26 1212610 1 12/23/02 

8685.6 99.7 AMs-28 26 12/26/01 12/23/02 

8687 99.7 AMs-29 26 1212610 1 12/23/02 

Background 
AMs- 12 26 1212610 1 12/23/02 8653.6 99.3 

AMs-16 26 1212610 1 12/23/02 8641.7 99.2 

"8712 available operating hours from December 26,2001 through December 23,2002. 

D-11 80064% 
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FCP 2002 (10-meter level) 
January 1,l:OO a.m. through December 31, Midnight 

FEMP Wind Rose (10 m level) 

Figure D-2. CY 2002 Wind Rose Data, 10-Meter Height 



FCP-SER-02-FINAL 
Appendix D, Revision 0 

May 2003 

- REFERENCES 4 8 8 0  
U.S. Dept. of Energy, 2001, “Integrated Environmental Monitoring Plan, Revision 2,” Final, Fernald 

Environmental Management Project, U.S. Dept. of Energy, Fernald Area Office, Cincinnati, OH. 

U.S. Dept. of Energy, 1997, DOE-0980-97, Johnny Reising to James Saric and Michael Murphy, 

“Application for Approval to Use Environmental Measurements to Demonstrate Compliance with the 

National Emission Standards for Hazardous Air Pollutants Subpart H,” dated May 23, 1997. 

U.S. Environmental Protection Agency, 1997, Jack Barnett to Johnny Reising, “Application for Approval 

to Use Environmental Measurements to Demonstrate Compliance with the National Emission Standards 
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SECTION VI: CERTIFICATION 4 8 8 0  

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 

are significant penalties for submitting false information including the possibility of fine and 

imprisonment (see 18 U.S.C. 1001). 

Signature: 
10 ' - 

000646 
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ATTACHMENT D.l 

CAP88-PC COMPUTER MODEL RUN AS SUPPORTING DOCUMENTATION FOR 
40 CODE OF FEDERAL REGULATIONS 61.96 
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BUILDING 79 ENCLOSURE - PART 1 
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C A P 8 8 - P C  

V e r s i o n  1.00 

C l e a n  A i r  Act  Assessment  Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon I n d i v i d u a l  Assessment  
May 2 0 .  2002 12:40  am 

F z c i l i t y :  FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
A d d r e s s :  P. 0. BOX 538704  

7400 WILLEY ROAD 
C i t y :  CINCINNATI 

S t a t e :  OH Z ip :  45253-8704 

E f f e c t i v e  Dose E q u i v a l e n t  
(mrem/year  1 

---------------- 
MAXIMUM POTENTIAL IMPACT TO ACTUAL 

3 .09E-05  OFFSITE RECEPTORS I S  
2 . 8  E - 0 5  MREM/YR ( P a r t  1) 

_____-------I----- 

A t  T h i s  L o c a t i o n :  765 M e t e r s  E a s t  N o r t h e a s t  

S o u r c e  C a t e g o r y :  VENT 

E m i s s i o n  Year :  2002 
S o u r c e  :Type: S t a c k  

Comments: APPL FOR APPROV- OFFSITE EDE FOR RADIONUCLIDE 
EMISSIONS FROM THE BUILDING 79  ENCLOSURE- PART 1 

D a t a s e t  Name: BLDG79-APPL1 
D a t a s e t  Da te :  May 20.  2002 12 :39  am 

Wind F i l e :  WNDFILES\SYRCAP88.WND 

000649 



f l a y  20 .  2002  1 2 : 4 0  a m  S Y N O P S I S  
P a g e  1 

MAXIMALLY EXPOSED I N D I V I D U A L  

L o c a t i o n  O f  T h e  I n d i v i d u a l :  7 6 5  M e t e r s  E a s t  N o r t h e a s t  
L i f e t i m e  F a t a l  Cancer R i s k :  3.94E-10 

ORGAN DOSE EOUIVALENT SUMMARY 

Organ 

GONADS 
BREAST 
R MAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

D o s e  
E q u i v a l e n t  

(mrem/y 1 

1 . 1 2 E - 0 7  
1 . 0 3 E - 0 7  
4 . 1 7 E - 0 6  
2 .34E-04  
1 .15E-07  
5.46E-05 
2.26E-06 

3 . 0 9 E - 0 5  



May 20.  2002 12 :40  am 

RADIONUCLIDE E M I S S I O N S  O U R I N G  THE Y E A R  2002  

Source  
#1 TOTAL 

N u c l i d e  C l a s s  S i z e  C i l y  C i /y  

U-234 
U-235 
u - 2 3 8  
RA-226 
TH- 228 
TH-230 
TH-232 
U- 236 
SR-90 
TC-99 
RU-106 
c s - 1 3 7  
B A -  137M 
RA-228 
TH- 234 
PA - 23 4M 

PU-240 
PU-241 
PU-242 

Y 1 . 0 0  3.OE-08 
Y 1 . 0 0  1 .6E-09  
Y 1 . 0 0  3.4E-08 
W 1 . 0 0  2 .1E-11  
Y 1 . 0 0  9.OE-10 
Y 1 . 0 0  2 .7E-09  
Y 1 . 0 0  1 .4E-10  
Y 1 . 0 0  1 . 2 E - 0 9  
D 1 . 0 0  1 . 8 E - 1 0  
W 1 . 0 0  3 .7E-09  
Y 1 . 0 0  7.OE-10 
D 1 . 0 0  5.OE-10 
0 1 . 0 0  5.OE-10 
W 1 . 0 0  8 . 5 E - 1 1  
Y 1 . 0 0  1 .3E-07  
Y .l.OO 1 .3E-07  
W 1 . 0 0  1.lE-11 
Y 1 . 0 0  1 . 3 E - 1 1  
Y 1 . 0 0  8 . 5 E - 1 1  
Y 1 . 0 0  2 . 2 E - 1 1  
Y 1 . 0 0  3 .2E-10  
Y 1 . 0 0  4 .6E-15  

3 . O E - 0 8  
1 . 6 E - 0 9  
3 . 4 E - 0 8  
2 .1E-11  
9 . O E - 1 0  
2 .7E-09  
1 .4E-10  
1 . 2 E - 0 9  
1 . 8 E - 1 0  
3 . 7 E - 0 9  
7.OE-10 
5.OE-10 
5.OE-10 
8 . 5 E - 1 1  
1 . 3 E - 0 7  
1 . 3 E - 0 7  
1.1E-11 
1 . 3 E - 1 1  
8 . 5 E - 1 1  
2 . 2 E - 1 1  
3 .2E-10  
4 . 6 E - 1 5  

S I T E  INFORMATION 

Tempera tu re :  1 0  deg rees  C 
P r e c i p i t a t i o n :  100 cm/y 
M i x i n g  H e i g h t :  1000 m 

S Y N O P S I S  
Page 2 



f -. 

May 2 0 .  2002 1 2 : 4 0  am 

SOURCE INFORMATION 

S o u r c e  Number: 1 

S t a c k  H e i g h t  (m): 0 . 9 1  
D i a m e t e r  ( m ) :  0 . 8 4  

S Y N O P S I S  
Page 3 

Plume R i s e  
Momentum ( r n / s ) :  1.70E+00 
( E x i t  V e l  oc i  t y  ) 

AGRICULTURAL DATA 

V e g e t a b l e  M i  1 k Meat 

F r a c t i o n  Home Produced :  0 . 7 0 0  0 . 3 9 9  0 . 4 4 2  
F r a c t i o n  From Assessment A rea :  0 . 3 0 0  0 . 6 0 1  0 . 5 5 8  

F r a c t i o n  I m p o r t e d :  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

Food A r r a y s  were  n o t  g e n e r a t e d  f o r  t h i s  run 
D e f a u l t  V a l u e s  u s e d .  

DISTANCES USED FOR M A X I M U M  INDIVIDUAL ASSESSMENT 

1213 1230 2166 1916 1 6 6 8  1 4 4 2  1477  1 4 9 8  1524 1 6 1 5  
1596 1515 1327 1294 1766 1192 791 765 1313 1 4 0 0  

888652 



C A P 8 8 - P C  

V e r s i o n  1 .00  

C l e a n  A i r  A c t  Assessment  Package - 1 9 8 8  

D O S E  A N 0  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Nan-Radon I n d l v i d u a l  Assessment  
May 20.  2002  12:40 a m  

F a c i l i t y :  FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
A d d r e s s :  P. 0. BOX 538704 

7400 WIL‘LEY ROAD 
Ci ty :  CINCIN~~ATI 

S t a t e :  OH Z i  p: 45253-87 04 

S o u r c e  C a t e g o r y :  VENT 

E m i s s i o n  Year: 2002 
S o u r c e  Type:  S tack  

Comments: APPL FOR APPROV- OFFSITE EDE FOR RADIONUCLIDE 
EMISSIONS FROM THE BUILDING 79  ENCLOSURE- PART 1 

D a t a s e t  Name: BLDG79-APPL1 
D a t a s e t  Date:. nay  20. 2002 12:39 am 

Wind Fi le:  WNDFILES\SYRCAP88.WND 

000653 



c -. - - -  

- -  4 8 8 0  

May 2 0 .  2 0 0 2  1 2 : 4 0  a m  

ORGAN DOSE EQUIVALENT SUMMARY 

S e l e c t e d  
I n d i v i d u a l  

O r g a n  (rnr ernly 1 

GONADS 
BREAST 
R MAR 
LUNGS 
THYROID 
ENOOST 
RMNDR 

1.12E-07 
1 . 0 3 E - 0 7  
4 . 1 7 E - 0 6  
2 . 3 4 E - 0 4  
1 . 1 5 E - 0 7  
5 . 4 6 E - 0 5  
2 . 2 6 E - 0 6  

EFFEC 3 . 0 9 E - 0 5  

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

S e l e c t e d  
I n d i v i d u a l  

(mremly ) 

INGESTION 1 . 5 6 E - 0 6  
I N H A L A T I O N  2 .93E-05 
A I R  IMMERSION 2 . 5 1 E - 1 2  
GROUND SURFACE 1 . 7 2 E - 0 8  
INTERNAL 3 . 0 9 E - 0 5  
EXTERNAL 1 . 7 2 E - 0 8  

SUMMARY 
P a g e  1 

TOTAL 3 . 0 9 E - 0 5  

000654 
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May 2 0 .  2 0 0 2  1 2 : 4 0  a m  

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nucl i d e  

U - 2 3 4  
U-235 
U - 2 3 8  
R A - 2 2 6  
T H - 2 2 8  
T H - 2 3 0  
T H - 2 3 2  
U - 2 3 6  
SR-90 
T C - 9 9  
R U - 1 0 6  
C S - 1 3 7  
BA-137M 
R A - 2 2 8  
T H - 2 3 4  
PA-234M 
NP-237 
P U - 2 3 8  
P U - 2 3 9  
PU-240 
P U - 2 4 1  
P U - 2 4 2  

Selected 
I n d i v i d u a l  

(mr em/y 1 
--------__ 

1 . 3 2 E - 0 5  
6 . 6 7 E - 0 7  
1 . 3 3 E - 0 5  
1 . 1 9 E - 0 9  
7 . 2 5 E - 0 7  

. 2 . 1 7 E - 0 6  
1 . 6 1 E - 0 7  
4 . 9 9 E - 0 7  
1 . 8 6 E - 0 9  
6 . 8 0 E - 0 9  
1 .45E-09 
1 . 5 7 6 - 0 9  
4 . 5 8 E - 1 4  
1 . 8 9 E - 0 9  
3 . 1 8 E - 0 8  
1 . 1 4 E - 1 3  ' 

1 . 8 0 E - 0 8  
1.4OE-08 
9 . 8 7 E - 0 8  
2 . 5 5 E - 0 8  
5 . 7 9 E - 0 9  
5 . 0 8 E - 1 2  

TOTAL 3 . 0 9 E - 0 5  

SUMMARY 
Page 2 
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c -. 

May 2 0 .  2 0 0 2  1 2 : 4 0  am 

CANCER RISK SUMMARY 

C a n c e r  
----- 
LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
L IVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

P a t h w a y  
----- 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

F a t a l  C a n c e r  R i s k  

4.05E-12 
2 .65E-12  
3.29E-14 
2.31E-13 
3.81E-10 
3 .39E-13  
4.00E-13 
4 .57E-13  
9 .17E-14  
4.48E-12 
1 .12E-13  

3.94E-10 

PATHWAY RISK SUMMARY 

INGESTION 
INHALATION 
A I R  IMMERSION 
GROUNO SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

F a t a l  Cancer  R i s k  

8 : 55E-12 
3.85E-10 
5.62E-17 
3.95E-13 
3.94E-10 
3.. 95E-13 

3.94E-10 

SUMMARY 
Page 3 
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@ May 20. 2002 1 2 : 4 0  a m  

NUCLIDE RISK SUMMARY 

N u c l i d e  

U-234  
U-235  
U-238  
RA-226 
TH-228 
TH-230 
TH-232 
U-236  
S R - 9 0  
TC-99 
RU-106 
CS-137 
BA - 137M 
RA-228 
TH - 2 3 4  
PA-234M 
NP-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 

TOTAL 

Selected I n d i v i d u a l  
T o t a l  Lifetime 

F a t a l  Cancer R i s k  

1 .70E-10  
8.77E-12 
1.73E-10 
1.63E-14 
1.45E-11 
1.78E-11 
9.09E-13 
6.44E-12 
3.13E-14 
2.50E-13 
6 .95E-14  
4.10E-14 
1.10E-18 
1.98E-14 
1.05E-12 
2.90E-18 
9.12E-14 
1.20E-13 
7.76E-13 
2.01E-13 
2 . 2 l E - 1 4  
3.99E-17 

3.94E-10 

SUMMARY 
Page 4 

I 

! 

! 

000657 



I 

May 20 .  2 0 0 2  1 2 : 4 0  am SUMMARY 
Page 5 

Di recti on 1 2 1 3  1230 2166  1916  1668  1442  1477  

N 
NNW 

NW 
WNW 

W 
wsw 

s w  
ssw 

S 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

4 . 7 E - 0 6  4 . 6 E - 0 6  1 . 8 E - 0 6  2.2E-06 2 .7E-06  3 .5E-06  3 .4E-06  
b m  -1 1 . 3 E - 0 6  1.6E-06 2.OE-06 2.5E-06 2 .4E-06  
3 . 2 E - 0 6  3.1E-06 fi.2E-061 1.5E-06 1 .9E-06  2.4E-06 2 .3E-06  
4 . 1 E - 0 6  4.OE-06 1 . 6 E - 0 6  (1.'9E-06( 12.41 3 . 1 E - 0 6  2 .9E-06  
6 . 4 E - 0 6  6.3E-06 2 . 4 E - 0 6  3.OE-06 3 .7E-06  4 .8E-06  4 .6E-06  
6 . 8 E - 0 6  6.6E-06 2 . 6 E - 0 6  3.1E-06 4.OE-06 F.OE-061 4 . 8 E - 0 6  
3 . 7 E - 0 6  3.6E-06 1 . 4 E - 0 6  1.7E-06 2 .2E-06  2.7E-06 k.6E-06j 
3 . 3 E - 0 6  3 .2E-06  1 . 3 E - 0 6  1.6E-06 2.OE-06 2.5E-06 2 . 4 E - 0 6  
3 . 3 E - 0 6  3 . 2 E - 0 6  1 . 3 E - 0 6  1.6E-06 2.OE-06 2 .5E-06  2.4E-06 
5 . 7 E - 0 6  5 .6E-06  2 . 2 E - 0 6  2.6E-06 3.3E-06 4 .2E-06  4 . 1 E - 0 6  
9 . 4 E - 0 6  9 .2E-06  3 . 5 E - 0 6  4.3E-06 5.4E-06 7.OE-06 6 .7E-06  
1 . 2 E - 0 5  1 .2E-05  4 . 4 E - 0 6  5.4E-06 6 .9E-06  8.eE-06 8 .4E-06  
1.3E.05 1 .3E-05  4 . 8 E - 0 6  5.9E-06 7.5E-06 9 .7E-06  9 . 3 E - 0 6  . 
1 . 3 E - 0 5  1 .3E-05  4 . 9 E - 0 6  6.1E-06 7.7E-06 9.9E-06 9 . 5 E - 0 6  
1 . 2 E - 0 5  1 .2E-05  4 . 5 E - 0 6  5.6E-06 7 .1E-06  9.l.E-06 8 . 7 E - 0 6  
8 . 2 E - 0 6  8.OE-06 3 . 1 E - 0 6  3.8E-06 4 .8E-06  6 .1E-06  5 . 9 E - 0 6  

D i s t a n c e  trn) 

D i  r e c t i  o n  1 4 9 8  1524  1 6 1 5  1596  1515  1327 1 2 9 4  . 

N 3 . 3 E - 0 6  3 .2E-06  2 . 9 E - 0 6  3.OE-06 3 .2E-06  4.OE-06 4.2E-06 
NNW 2 . 4 E - 0 6  2 .3E-06  2 . 1 E - 0 6  2.2E-06 2.3E-06 2 .9E-06  3.OE-06 

WW 2 . 3 E - 0 6  2 .2E-06  2.OE-06 2.OE-06 2 . 2 E - 0 6  2 .8E-06  2.9E-06 
W N.W 2 . 9 E - 0 6 .  2 .8E-06 2 .5E106  2.6E-06 2 .8E-06  3 .5E-06  3 .7E-06  

W 4 . 5 E - 0 6  4 .3E-06  . 3 . 9 E - 0 6  4.OE-06 4'.4E-06 5.5E-06 5 .8E-06  
w s w  4 . 7 E - 0 6  4 .6E-06  4 . 2 E - 0 6  4.3E-06 4 .6E-06  5.8E-06 ' 6 .1E-06  

SW -1 md 2 .5E-06  3 .2E-06  3 .3E-06  
SSW 2 . 3 E - 0 6  2 .3E-06  2 . 1 E - 0 6  2.1E-06 p.3 E - O d  k.8E-06j 3 . OE-06  

S 2 . 3 E - 0 6  2 .3E-06  2 . 1 E - 0 6  2 . l E - 0 6  2 .3E-06  2.8E-06 b.OE-06j 
SSE 

SE 
ES E 

E 
ENE 

NE 
NNE 

4 .OE-06  3 . 9 E - 0 6  3 . 5 E - 0 6  3.6E-06 3.9E-06 4.9E-06 5 . 1 E - 0 6  
6 . 5 E - 0 6  6 .3E-06  5 . 7 E - 0 6  5.8E-06 6 .4E-06  8.OE-06 8 .4E-06  
8 . 2 E - 0 6  8.OE-06 7 . 2 E - 0 6  7.4E-06 8.1E-06 1.OE-05 l . l E - 0 5  
9 . 1 E - 0 6  8 .8E-06  8.OE-06 8.1E-06 8 .9E-06  l . l E - 0 5  1 .2E-05  
9 . 3 E - 0 6  9.OE-06 8 . 1 E - 0 6  8.3E-06 9 .1E-06  l . l E - 0 5  1 . 2 E - 0 5  
8 . 5 E - 0 6  8 . 2 E - 0 6  7 . 5 E - 0 6  7.6E-06 8.3E-06 1.OE-05 l . l E - 0 5  
5 . 7 E - 0 6  5 .6E-06  5 . 1 E - 0 6  5.2E-06 5 .6E-06  7.1E-06 7 . 4 E - 0 6  

-----I- 
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May 20,  2 0 0 2  1 2 : 4 0  am 

I 

INDIV IDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y)  
(A1 1 R a d i o n u c l  I d e s  and Pathways 1 

SUMMARY 
Page 6 

Distance ( m )  I 
O i  r e c t i o n  1 7 6 6  1192  7 91 765 1 3 1 3  1400  

--̂ -I--------c__-_---_-_____1_____1----------------------- 

N 2 . 5 E - 0 6  4 .8E-06  1.OE-05 l.lE-05 4.1E-06 3.7E-06 
NNW 1 . 8 E - 0 6  3 .5E-06  7 .2E-06  7.7E-06 3.OE-06 2.7E-06 

NW 1 . 7 E - 0 6  3 . 3 E - 0 6  6 . 8 E - 0 6  7.3E-06 2.8E-06 2.5E-06 
WNW 2 . 2 E - 0 6  4 . 2 E - 0 6  8 . 8 E - 0 6  9.4E-06 3 .6E-06  3.2E-06 

W 3 . 4 E - 0 6  6 . 6 E - 0 6  1 . 4 E - 0 5  1.5E-05 5.6E-06 5.OE-06 
wsw 3 . 6 E - 0 6  7.OE-06 1 . 5 E - 0 5  1 .5E-05  5 . 9 E - 0 6  5.3E-06 

sw 2.OE-06 3 . 8 E - 0 6  7 . 8 E - 0 6  8.3E-06 3.2E-06 2.9E-06 
ssw 1 . 8 E - 0 6  3 . 4 E - 0 6  7.OE-06 7 . 4 E - 0 6  2 .9E-06  2.6E-06 

S 1 . 8 E - 0 6  3 . 4 E - 0 6  7.OE-06 7.4E-06 2.9E-06 2.6E-06 
SSE 13- 1 .2E-05  .1.3E-05 5.OE-06 4 .5E-06  

ESE 6 . 2 E - 0 6  1 .2E-05  12.8E-0( ' l . O E - 0 5  9 .3E-06  
SE 4 . 9 E r 0 6  9 .7E-06  2.4E-05 2.2E-05 8.2E-06 7 .3E-06  

E 6 . 8 E - 0 6  1 .3E-05  2.8E-05 3.OE-05 1 .1E-05  1.OE-05 '  

NE 6 . 4 E - 0 6  1 .3E-05  2 .6E-05  2.8E-05 m5) 9 . 5 E - 0 6  
NNE 4 . 4 E - 0 6  8 .5E-06  1 .8E-05  1 .9E-05  7.2E-06 w d  
EN E 7 .OE-06  1 .4E-05  2 .9E-05  3.1E-05 1 . 2 E - 0 5  1 .OE-05 

-------____-----------_cI__----I-------~------ 
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A. - 4 8  a 0 -. 

May 20;  2 0 0 2  1 2 : 4 0  a m  

INDIVIDUAL LIFETIME R I S K  ( d e a t h s )  
( A l l  R a d i o n u c l i d e s  and Pathways)  

SUMMARY 
Page 7 

D i s t a n c e  (rn) 

N 5 . 9 E - 1 1  5 . 7 E - 1 1  2 . 2 E - 1 1  2 .7E-11  
NNW 4 . 2 E - 1 1  4 . 1 E - 1 1  1 . 6 E - 1 1  1.9E-11 

NW 4 .OE-11  3 .9E-11  1 . 5 E - 1 1  1.8E-11 
WNW 5 . 1 E - 1 1  5.OE-11 1 . 9 E - 1 1  2.3E-11 

W 8 . 1 E - 1 1  7 . 9 E - 1 1  3 . O E - 3 1  3.7E-11 
wsw 8 . 5 E - 1 1  8 . 3 E - 1 1  3 . 2 E - 1 1  3.9E-11 

sw 4 . 6 E - 1 1  4 . 5 E - 1 1  1 . 7 E - 1 1  2.1E-11 
ssw 4 . 1 E - 1 1  4.OE-11 1 . 5 E - 1 1  1.9E-11 

S 4 . 1 E - 1 1  4.OE-11 1 . 5 E - 1 1  1 .9E-11  
SSE 7 . 2 E - 1 1  7.OE-11 2 . 6 E - 1 1  3.3E-11 

SE 1 . 2 E - 1 0  1 .2E-10  4 . 3 E - 1 1  5.3E-11 
ESE 1 . 5 E - 1 0  . 1 .5E-10  5 . 5 E - 1 1  6.8E-11 

E 1 . 7 E - 1 0  1,6E-10 6 .OE-11  7.5E-11 
EN E 1 . 7 E - 1 0  1 . 7 E - 1 0  6 . 2 E - 1 1  7.6E-11 

NE 1 . 5 E - 1 0  1 . 5 E - 1 0  5 . 7 E - 1 1  7.OE-11 
NNE 1.OE-10 1.OE-10 3 . 9 E - 1 1  4.7E-11 

....................................... 
D i s t a n c e  (rn) 

3 . 4 E - 1 1  
2 .5E-11  
2 .3E-11  
3 .OE-11 .  
4 .7E-11  
4 .9E-11  
2 . 7 E - 1 1  
2 . 4 E - 1 1  
2 . 4 E - 1 1  
4 . 1 E - 1 1  
6 .8E-11  
8 .6E-11  
9 .5E-11  
9 .7E-11  
8 .9E-11  
6.OE-11 

4 .4E-11  
3 .2E-11  
3.OE-11 
3 .8E-11  
6 - OE-11 
6 . 3 E - 1 1  
3 . 4 E - 1 1  
3 . 1 E - 1 1  
3 .1E-11  
5 . 3 E - 1 1  
8 . 8 E - 1 1  
1 .1E-10  
1 .2E-10  
1 .3E-10  
1 .1E-10  
7 .7E-11  

4 . 2 E - 1 1  
3 .OE-11  
2 . 8 E - 1 1  
3 . 6 E - 1 1  
5 .8E-11  
6 . 1 E - 1 1  
3 . 3 E - 1 1  
2 . 9 E - 1 1  
2 . 9 E - 1 1  
5 . 1 E - 1 1  
8 . 4 E - 1 1  
l . l E - 1 0  
1 . 2  E -10 
1 .2E-10  
l . l E - 1 0  
7 . 4 E - 1 1  

O i  r e c t i  on 1 4 9 8  1524  1615  1596  1 5 1 5  . 1327  1 2 9 4  

N 
NNW 

NW 
WNW 

IJ 
wsw 

sw 
ssw 

S 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

4 . 1 E - 1 1  4.OE-11 
3 .OE-11  2 . 9 E - 1 1  
2 . 8 E - 1 1  2.7E-11 
3 . 6 E - 1 1  3 . 5 E - 1 1  
5 . 6 E - 1 1  . 5.4E-11 
5 . 9 E - 1 1  5 .8E-11  
3 . 2 E - 1 1  3 .1E-11  
2 . 9 E - 1 1  2 . 8 E - 1 1  
2 . 9 E - 1 1  2.8E-11 
5 .OE-11  4.8E-11 
8 . 2 E - 1 1  8.OE-11 
1.OE-10 1.OE-10 
l . l E - 1 0  l . l E - 1 0  
1 . 2 E - 1 0  l . l E - 1 0  
l . l E - 1 0  1.OE-10 
7 . 2 E - 1 1  7.OE-11 

3 . 6 E - 1 1  
2 . 6 E - 1 1  
2 . 4 E - 1 1  
3 . 1 E - 1 1  
4 . 9 E - 1 1  
5 . 2 E - 1 1  
2 . 8 E - 1 1  
2 .5E-11  
2 . 5 E - 1 1  
4 . 4 E - 1 1  
7 . 2 E - 1 1  
9 .1E-11  
1 .OE-10 
1.OE-10 
9 . 4 E - 1 1  
6 . 4 E - 1 1  

3.7E-11 
2 .7E-11  
2.5E-11 
3.2E-11 
5.OE-11 
5 .3E-11  
2.9E-11 
2.6E-11 
2.6E-11 
4.5E-11 
7 .4E-11  
9.3E-11 
1 .OE-10 
1.OE-10 
9 .6E-11  
6.5E-11 

4.OE-11 
2 .9E-11  
2 .7E-11  
3 .5E-11  
5 .5E-11  
5 .8E-11  
3 . 1 E - 1 1  
2 .8E-11  
2 .8E-11  
4 . 9 E - 1 1  
8 . 1 E - 1 1  
1 .OE-10 
1 . 1 E - 1 0  
1 . 1 E - 1 0  
1.1E-10 
7 .1E-11  

5.OE-11 5 . 2 E - 1 1  
3 . 6 E - 1 1  3 . 8 E - 1 1  
3 .4E-11  3 . 6 E - 1 1  
4 . 4 E - 1 1  4 . 6 E - 1 1  
6 .9E-11  7 . 2 E - , l l  
7 . 3 E - 1 1  7 . 6 E - 1 1  
3 .9E-11  4 . l E - 1 1  
3.5E-11 3 . 7 E - 1 1  
3 .5E-11  3 . 7 E - 1 1  
6 . 1 E - 1 1  6.4E-11 
1.OE-10 1 . 1 E - 1 0  
1 .3E-10  1 . 3 E - 1 0  
1 .4E-10  1 . 5 E - 1 0  
1 .4E-10  1 . 5 E - 1 0  
1 .3E-10  1 . 4 E - 1 0  
8 .9E-11  9 3 E - 1 1  



May 20.  2 0 0 2  12 :40  a m  

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides a n d  Pathways) 

SUMMARY 
Page 8 

N 3 . 1 E - 1 1  6.OE-11 1 . 3 E - 1 0  1.3E-10 5 . 1 E - 1 1  4 .6E-11  
NNW 2 . 2 E - 1 1  4 . 4 E - 1 1  9 . 1 E - 1 1  9.7E-11 3 . 7 E - 1 1  3 .3E-11  

NW 2 . l E - 1 1  4.1E-11 8 .6E-11  9.2E-11 3 . 5 E - 1 1  3 . 1 E - 1 1  
WNW 2 . 7 E - 1 1  5 . 3 E - 1 1  l . l E - 1 0  1.2E-10 4 .5E-11  4.OE-11 

W 4 . 2 E - 1 1  8 . 3 E - 1 1  1 .8E-10  1.9E-10 7 .1E-11  6 .3E-11  
w s w  4 . 5 E - 1 1  8 . 8 E - 1 1  1 .8E-10  2.OE-10 7 . 4 E - 1 1  6 .7E-11  

sw 2 . 4 E - 1 1  4 .7E-11  9 . 8 E - 1 1  1.OE-10 4.OE-11 3 .6E-11  
ssw 2 . 2 E - 1 1  4 .2E-11  8 .8E-11  9.4E-11 3 . 6 E - 1 1  3.2E-11 

S 2 . 2 E - 1 1  4 . 2 E - 1 1  8 . 8 E - 1 1  9.4E-11 3 . 6 E - 1 1  3 . 2 E - 1 1  
SSE 3 . 7 E - 1 1  7 . 4 E - 1 1  1 .6E-10  1.7E-10 6 . 2 E - 1 1  5 .6E-11  

SE 6 . 2 E - 1 1  1 . 2 E - 1 0  2 .6E-10  2.8E-10 1.OE-10 9 . 3 E - 1 1  
E S E .  7 . 8 E - 1 1  1 . 6 E - 1 0  3 .3E-10  3.5E-10 1 .3E-10  1 .2E-10  

.E 8 . 6 E - 1 1  1 .7E-10  3 . 6 E - 1 0  3.9E-10 1 .4E-10  1 .35 -10  
ENE 8 . 8 E - 3 1  1 .7E-10  3 .7E-10  3.9E-10 1 .5E-10  1 .3E-10  

N E  8 . 1 E - 1 1  1 .6E-10  3 . 4 E - 1 0  3.6E-10 1 . 3 E - 1 0  1 .2E-10  
NNE 5 . 5 E - 1 1  l . l E - 1 0  2 .3E-10  2.4E-10 9 . 1 E - 1 1  8 . 1 E - 1 1  

---~-_-____________c_____-------------___-----_--------__-I- 
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C A P 8 8 - P C  

V e r s i o n  1 . 0 0  

Clean A i r  Ac t  Assessment Package - 1988 

S Y N O P S I S  R E P O R T  

Non-Radon I n d i v i d u a l  Assessment 
May 20. 2002 4:27 pm 

F a c i l i t y :  FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
Address: P. 0. BOX 538704 

7400 WILLEY ROAD 
Ci ty :  C I N C I N N A T I  

S t a t e :  OH Z I P :  45253-8704 

E f f e c t i v e  Dose Equ iva len t  
(mrem/year) 

----------- 
MAXIMUM POTENTIAL IMPACT TO ACTUAL 

9.8 E - 0 6  MREM/YR ( P a r t  2 )  
1.52E-05 OFFSITE RECEPTORS IS 

-- _------ -d ____-- 

A t  T h i s  L o c a t i o n :  1120 Meters  East Nor theas t  

Source Category :  VENT 

E m i s s i o n  Year: 2002 
Source Type: :Stack ' 

Comments: APPL FOR APPROV- OFFSITE EDE FOR RADIONUCLIDE 
EMISSIONS FROM THE BUILDING 79 ENCLOSURE- PART 2 

Data se t Name : BLDG79-APPL2 
D a t a s e t  Date:  May 20. 2002 4:27 pm 

Wind F i l e :  WNDFILES\SYRCAP88.WND 
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+- 4 8 8 0  

SYNOPSIS 
P a g e  1 

MAXIMALLY EXPOSED I N D I V I D U A L  

L o c a t i o n  O f  T h e  I n d i v i d u a l :  1120 M e t e r s  E a s t  N o r t h e a s t  
L i f e t i m e  F a t a l  C a n c e r  R i s k :  1 .94E-10  

ORGAN DOSE EQUIVALENT SUMMARY 

O r g a n  
--- 
GONADS 
BREAST 
R MAR 
LUNGS 
THY RO IO 
ENOOST 
RMNDR 

Dose 
E q u i v a l e n t  

(mremly 1 

5 .70E-08  
5 . 2 5 E - 0 8  
2 . 0 9 E - 0 6  
1.15E-04 
5.92E-08 
2.74E-05 
1 .16E-06  

EFFEC 1.52E-05 

000664 
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May 20, 2 0 0 2  4 : 2 7  pm 

N u c l  i de 
------ 
U-234  
U-235  
U-238  
RA- 226 
TH-228 
TH-230 
TH-232  
U-236  
SR-90 
TC-99 
RU-106 
CS-137 
B A -  137M 
R A -  2 2 8  
TH-234 
PA- 2341.1 
NP-237 ' 

PU-238 
PU-239 
PU-240 
PU-241 
PU-242 

RADIONUCLIDE EMISSIONS DURING THE YEAR 2002 

Y 
Y 
Y 
W 
Y 
Y 
Y 
Y 
O 
W 
Y 
D 
D 
w 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 

1 . 0 0  
1.00 
1 . 0 0  
1 . 0 0  
1 .00  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  
1 . 0 0  

Source 
#1 

C i l y  

3.OE-08 
1 .6E-09  
3 . 4 E - 0 8  
2 . 1 E - 1 1  
9.OE-10 
2.7E-09 
1 . 4 E - 1 0  
1 . 2 E - 0 9  
1 .8E-10  
3 . 7 E - 0 9  
7.OE-10 
5.OE-10 
5.OE-10 
8 . 5 E - 1 1  
1 .3E-07  
1.3E-07 
1 . 1 E - 1 1  
1 . 3 E - 1 1  
8 .5E-11  
2 . 2 E - 1 1  
3 . 2 E - 1 0  
4 .6E-15  

TOTAL 
c i / y  
---_.- 

3.OE-08  
1 . 6 E - 0 9  
3 . 4 E - 0 8  
2 . 1 E - 1 1  
9 .OE-10 
2 . 7 E - 0 9  
1 . 4 E - 1 0  
1 .2E-09  
1. BE-10 
3 . 7 E - 0 9  
7.OE-10 
5.OE-10 
5 .OE-10  
8.5E-11 
1 . 3 E - 0 7  
1 . 3 E - 0 7  
1 . 1 E - 1 1  
1 . 3 E - 1 1  
8 . 5 E - 1 1  
2 . 2 E - 1 1  
3 . 2 E - 1 0  
4 . 6 E - 1 5  

S I T E  INFDRHATION 

T e m p e r a t u r e :  10  degrees C 
P r e c i p i t a t i o n :  100 cm/y 
M i x i n g  H e l g h t :  1000 m 

K- - 

SYNOPSIS 
Page 2 
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May 20. 2002 4:27 pm 

SOURCE INFORMATION 

Source Number: 1 

Stack H e i g h t  ( m ) :  0.91 
Diameter  ( m >  : 0 . 8 4  

Plume R i s e  
Momentum (m/s) :  1.70€+00 
( E x i t  V e l o c i t y )  

S Y N O P S I S  
Page 3 

AGRICULTURAL DATA 

Vegetable  M i  1 k Meat 

F r a c t i o n  Home Produced: 0 . 7 0 0  0.399 0.442 
F r a c t i o n  From Assessment Area:  0 . 3 0 0  0.601 0 . 5 5 8  

F r a c t i o n  Imported:  0.000.  0.000 0 . 0 0 0  

Food Arrays were n o t  generated for t h i s  r u n .  
D e f a u l t  Values u s e d .  

DISTANCES USED FOR M A X I M U M  INDIVIDUAL ASSESSMENT 

1120 1602 2446 1431 2098 2750 2040 1719 1231 1828 
1895 1795 2809 1942 2167 2262 2223 2286 2319 1535 

000666 



C A P 8 8 - P C  

V e r s i o n  1 . 0 0  

C l e a n  A i r  A c t  A s s e s s m e n t  P a c k a g e  - 1 9 8 8  

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

N o n - R a d o n  I n d i v i d u a l  A s s e s s m e n t  
May 20 .  2 0 0 2  4 : 2 7  pm 

F a c i l i t y :  FERNALD ENVIRONMENTAL .MANAGEMENT PROJECT 
A d d r e s s :  P. 0. BOX 5 3 8 7 0 4  

7400 WILLEY ROAD 
C i t y :  C I N C I N N A T I  

S t a t e :  OH Z i p ;  4 5 2 5 3 - 8 7 0 4  

S o u r c e  C a t e g o r y :  VENT 

E m i s s i o n  Y e a r :  2002 
S o u r c e  T y p e :  S t a c k  

C o m m e n t s :  APPL FOR APPROV- OFFSITE EDE FOR RADIONUCLIDE 
EMISSIONS FROM THE B U I L D I N G  79  ENCLOSURE- PART 2 

D a t a s e t  Name: BLDG79-APPL2 
D a t a s e t  D a t e :  May 2.0. 2002 4:27 pin 

Wind F i l e :  WNDFILES\5YRCAP88,WNO 

OQ0667 

. . .. . 



May 20. 2 0 0 2  4 : 2 7  pm 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

S e l e c t e d  
I n d l v i d u a l  

(mremly  1 

GONADS 
BREAST 
R MAR 
LUNGS 
THY RO I D 
ENDOST 
RMNDR 

5.70E-08 
5.25E-08 
2.09E-06 
1.15E-04 
5.92E-08 
2.74E-05 
1.16E-06 

EF FEC 1.52E-05 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

S e l e c t e d  
I n d i v i d u a l  

Pa thway  (mr em/y 1 

INGESTION 8.06E-07 
INHALATION 1.44E-05 
A I R  IMMERSION 1.21E-12 
GROUND SURFACE 8.75E-09 
INTERNAL 1.52E-05 
EXTERNAL 8.76E-09 

TOTAL 1.52E-05 

SUMMARY 
Page 1 



1. May 20.  2 0 0 2  4 : 2 7  pm 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nucl i d e  

Selected 
I-nd i v i  dua 1 

(rnrem/y 1 

U-234 
U-235 
U-238  
RA-226 
TH-228 
TH-230 
TH-232 
U-236 
SR-90 
TC-99 
RU-106 
CS-137 
BA-137M 
RA-228 
TH-234 
PA-234M 
NP-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 

6.49E-06 
3.28E-07 
6.55E-06 
5.98E-10 
3.56E-07 
1.06E-06 
7.92E-08 
2.46E-07 
9.55E-10 
3.54E-09 
7.23E-10 
8.16E-10 
1.30E-14 
9.59E-10 
1.60E-08 
2.96E-14 
8.88E-09 
6.90E-09 
4.86E-08 
1.26E-08 
2.86E-09 
2.50E-12. 

TOTAL 1.52E-05 

SUMMARY 
Page 2 
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May 2 0 .  2 0 0 2  4 : 2 7  pm 

CANCER R I S K  SUNMARY 

C a n c e r  
----- 
LEUKEMIA 
BONE 
TH YRO I D 
BREAST 
LUNG 
STOMACH 
80WEL 
LIVER 
PAN C R E AS 
URINARY 
OTHER 

S e l  e c t  e d  I n d i  v i  dua 1 
T o t a l  L i f e t i m e  

Fatal C a n c e r  R i s k  

2.03E-12 
1 .33E-12  
1 . 7 0 E - 1 4  
1 .38E-13  
1.87E-10 
1.75E-13 
2.04E-13 
2.28E-13 
4.69E-14 

* 2 .31E-12 
5.73E-14 

TOTAL 1.94E-10 

PATHWAY RISK SUMMARY 

Pathway 

INGEST I ON 
I N  HALA T I  ON 
A I R  IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

S e l e c t e d  Individual 
T o t a l  L i f e t i m e  

Fatal Cancer R i s k  

4 .41E-12  
1.89E-10 
2.70E-17 
2.01E-13 
1.93E-10 
.2.0 1 E- 13 

1.94E-10 

StJ MMAR Y 
Page 3 
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May 20.  2 0 0 2  4 : 2 7  pm 

N u c l i d e  

U-234  
U-235  
U-238  
RA-226 
TH-228 
TH-230 
TH-232 
U-236  
SR-90 
TC-99 
RU-106 
c s - 1 3 7  
EA - 137M 
RA-228 
TH-234 
PA-234M 
NP-237 
PU-238 
PU-239 
PU-240 
PU-241  
PU-242 

TOTAL 

NUCLIDE RISK SUMMARY 

S e l e c t e d  Individual 
Total  L i f e t i m e  

F a t a l  Cancer R i s k  

8 .35E-11  
4 .31E-12  
8 . 5 0 E - 1 1  
8.08E-15 
7 .14E-12  
8 .73E-12  
4.46E-13 
3.16E-12 
1.61E-14 
1.30E-13 
3 .42E-14  

. 2 .13E-14 
3.12E-19 
9.92E-15 
5.19E-13 
7.54E-19 
4.49E-14 
5.88E-14 
3.82E-13 
9.88E-14 
1.09E-14 
1.96E-17 

SUMMARY 
Page 4 

1.94E-10 

000671 
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May 2 0 .  2 0 0 2  4 : 2 7  pm SUMMARY 
Page 5 

INDIV IDUAL EFFECTIVE DOSE EOUIVALENT RATE ( m r e m l y )  
( A l l  R a d i o n u c l i d e s  a n d  P a t h w a y s )  

N 
NNW 

NW 
WNW 

W 
w s w  

sw 
ssw 

S 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

-1 2.9E-06 1 .4E-06  3.5E-06 1.8E-06 
3 . 8 E - 0 6  (2.1E-061 1.OE-06 2.5E-06 1.3E-06 
3 . 6 E - 0 6  2.OE-06 9 .8E-07  2.4E-06 1 . 2 E - 0 6  
4 . 6 E - 0 6  
7 . 3 E - 0 6  
7 . 7 E - 0 6  
4 . 1 E - 0 6  
3 . 7 E - 0 6  
3 . 7 E - 0 6  
6 . 4 E - 0 6  
1 . 1 E - 0 5  
1 . 4 E - 0 5  
' 1 .5E-05  
1 . 5 E - 0 5  
1 . 4 E - 0 5  
9 . 3 E - 0 6  

2.5E-06 
3 .9E-06  
4 .2E-06  
2.3E-06 
2.OE-06 
2.OE-06 
3 . 5 E - 0 6  
5 . 8 E - 0 6  
7.3E-.O6 
8.OE-06 
8 . 2 E - 0 6  
7 .5E-06  
5 .1E-06  

1 .2E-06  3.OE-06 1 . 6 E - 0 6  
II.1 4 .8E-06 2.5E-06 
2.OE-06 5.1E-06 2 . 6 E - 0 6  
l . l E - 0 6  2.7E-06 1 . 4 E - 0 6  
1.OE-06 2.5E-06 1 . 3 E - 0 6  
1.OE-06 2.4E-06 1 . 3 E - 0 6  
1 . 7 E - 0 6  4.2E-06 2 . 2 E - 0 6  
2 . 8 E - 0 6  7.OE-06 3 .6E-06  
3 . 5 E - 0 6  8.9E-06 4 . 6 E - 0 6  

4.OE-06 1.OE-05 k.1E-061 
3 . 7 E - 0 6  9.1E-06 4 .7E-06  
2 . 5 E - 0 6  6.2E-06 3 .2E-06  

3 . 9 E - 0 6  w d  5:OE-06 

1.2E-06 
8 .6E-07  
8.1E-07 
1.OE-06 

1 .7E-06  
9.3E-07 
8 .4E-07  
8.4E-07 
1 .4E-06  
2.3E-06 
2.9E-06 
3.2E-06 
3 . 2 E - 0 6  
3.OEY06 
2.OE-06 

1 . 9 E - 0 6  
1 . 4 E - 0 6  
1 . 3 E - 0 6  
1 .7E-06  
2 .  6 E - 0 6  
2 .8E-06  
1 .5E-06  
1 . 4 E - 0 6  
1.4E-06 

b-q 
4.. 8E-06 
5 . 3 E - 0 6  
5 . 4 E - 0 6  
5.OE-06 
3 . 4 E - 0 6  

D i s t a n c e  ( m )  

D i  r e c t i  on 1 7 1 9  1 2 3 1  1828  1895  1 7 9 5  2809 1 9 4 2  

N 
NNW 

NW 
WNW 

W 
blsw 

sw 
ssw 

S 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

2 . 6 E - 0 6  [rn] 
1 . 7 E - 0 6  
2.2'-06 
3 . 5 E - 0 6  
3 . 7 E - 0 6  
2.OE-06 
1.8E-06 
1 . 8 E - 0 6  
3 . 1 E - 0 6  
5 . 1 E - 0 6  

4.5E-06 
3 .3E-06  
3 .1E-06  
3.9E-06 
6 .2E-06  
6 .5E-06  
3 .5E-06  
3.2E-06 
3.2E-06 
pKiE1 
9.1E-06  

2 . 3 E - 0 6  
1 . 7 E - 0 6  
1 .6E-06  
2.OE-06 
3.1E'-06'  
3 .3E-06  
1 .8E-06  
1 .6E-06  
1 .6E-06  
2 . 8 E - 0 6  
4.6E-06 

2.2E-06 
1.6E-06 
1. SE-06 
1: 9E-06 
2.9E-06 
.3.1E-06 
1.7E -06 
1.5E-06 
1.5E-06 
2.6E-06 
4.3E-06 

6 . 5 E - 0 6  1.2E-05 5.8E-06 5.4E-06 
7 .1E-06  1.3E-05 16.4E-061 6.OE-06 
7 . 3 E - 0 6  1 .3E-05  6 .5E-06  16x6) 
6 . 7 E - 0 6  1 . 2 E - 0 5  6.OE-06 5.6E-06 
4 . 5 E - 0 6  8.OE-06 4 .1E-06  3.8E-06 

2 .4E-06  [rn] 
1.6E-06  
2 . '1 E - 06 
3.2E -06 
3.4E-06 
1.9E-06 
1.7E-06 
1.7E-06 
2.9E-06 
4.7E -06  
6.OE-06 
6.6E-06 
6 . 7 E - 0 6  
6.2E-06 
4 .2E-06  

1.1E-06 
8 . 3 E - 0 7  
7 .  BE-07 

,9 .8E-07 
e.5E-0d 
1.6E-06 
9.OE-07 
8.1E.07 
8.1E-07 
1 .4E-06  
2.2E-06 
2 .  BE-06 
3.OE-06 
3.1E-06 
2.9E-06 
2.OE-06 

2 .1E-06  
1 . 5 E - 0 6  
1 . 4 E - 0 6  
pEEj 
2 . 8 E - 0 6  
3.OE-06 
1 . 6 E - 0 6  
1 . 5 E - 0 6  
1 . 5 E - 0 6  
2 .5E-06  
4 . 1 E - 0 6  
5 . 2 E - 0 6  
5 . 7 E - 0 6  
5 . 9 E - 0 6  
5 .4E-06  
3 .7E-06  



e 
May 20 .  2 0 0 2  4 : 2 7  pm SUMMARY 

Page 6 

INDIVIDUAL EFFECTIVE DOSE EOUIVALENT RATE (rnrernly) 
( A l l  R a d i o n u c l i d e s  and Pathways)  

D i s t a n c e  (rn) 

Oi r e c t i  on 2167  2262 2223 2286  2319 1535  

l . j E - 0 6  1 . 6 E - 0 6  1 .7E-06  1.6E-06 1 .6E-06  3 . 1 E - 0 6  
' -  I N 

NNW 
NW 

WNW 
W 

wsw 
sw 

ssw 
S 

S S E  
SE 

ESE 
E 

ENE 
NE 

NNE 

1 . 3 E - 0 6  1 . 2 E - 0 6  1 .2E-06  1.2E-06 l . l E - 0 6  2 .2E-06  

1 . 5 E - 0 6  1 .4E-06  1 . 4 E - 0 6  1 . 4 E - 0 6  1' .3E-06 2 .7E-06  
[ml ll.lE-06j (l.lE-06j l . l E - 0 6  1. 1 E - 0 6  2 . 1 E - 0 6  

2 . 3 E - 0 6  
2 . 5 4 - 0 6  
1 . 4 E - 0 6  
1 . 2 E - 0 6  
1 . 2 E - 0 6  
2 .1E-06  
3.. 4E- 0 6  
4 . 3 E - 0 6  
4 . 7 E - 0 6  
4 . 9 E - 0 6  
4 . 5 E - 0 6  
3.OE-06 

2 . 2 E - 0 6  
2 .3E-06  
1 . 3 E - 0 6  
1 . 2 E - 0 6  
1 . 2 E - 0 6  
1 . 9 E - 0 6  
3.2E-06 
4.OE-06 
4 .4E-06  
4 .5E-06  
4 .2E-06  
2.8E-06 

2 . 2 E - 0 6  
2 . 4 E - 0 6  
1 . 3 E - 0 6  
1 . 2 E - 0 6  
1 . 2 E - 0 6  
2.OE-06 
3:3E-06 . 
4 . K - 0 6  
4 .5E-06  
4 . 7 E - 0 6  
4 . 3 E - 0 6  
2 .9E-06  

2 .1E-06  
[2.3E-06) 
1 ~ E - 0 6  

2 .1E-06  

1 . 2 E - 0 6  
1 .1E-06  
1. I E - 0 6  
1 .9E-06  
3.OE-06 
3.8E-Ob 
4.2E-06 
4.3E-06 

pFq 
4 . 2 E - 0 6  
4.5E-06 
2.4E-06 
2 . 2 E - 0 6  
2 . 2 E - 0 6  
3 . 8 E - 0 6  
6 .2E-06  
7 .8E-06  
8 .6E-06  
8 .8E-06  

1 . E - 0 6  
1 . 1 E - 0 6  
1.9E-06 
3.1E-06 
3.9E-06 
4.3E-06 
4.4E-06 
4.1E-06 4.OE-06 '8.1E-06 
2 .8E-06  2.7E-06 -4 

Q00673 
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INDIVIDUAL L IFETIME RISK (deaths)  
(All Radionucl ides and Pathways) 

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
SSE 

S E  
ESE 

E 
ENE 

NE 
NNE 

----1 

6 . 7 E - 1 1  3 . 6 E - 1 1  
4 . 8 E - 1 1  2 . 6 E - 1 1  
4 . 5 E - 1 1  2 . 4 E - 1 1  
5 . 8 E - 1 1  3 . 1 E - 1 1  
9 . 3 E - 1 1  5.OE-11 
9 . 7 E - 1 1  5 . 3 E - 1 1  
5 . 2 E - 1 1  2 . 8 E - 1 1  
4 . 7 E - 1 1  2 . 5 E - 1 1  
4 . 7 E - 1 1  2 . 5 E - 1 1  
8 . 2 E - 1 1  4 .4E-11  
1 . 4 E - 1 0  7 . 3 E - 1 1  
1 . 7 E - 1 0  9 . 2 E - 1 1  
1 . 9 E - 1 0  1 . O E - 1 0 ,  
1 . 9 E - 1 0  1.OE-10 
1 . 8 E - 1 0  9 . 5 E - 1 1  
1 . 2 E - 1 0  6 . 4 E - 1 1  

,---_.-----. 

1 . 8 E - 1 1  4 .4E-11  
1 . 3 E - 1 1  3 . 2 E - 1 1  
1 . 2 E - 1 1  3.OE-11 
1 . 5 E - 1 1  3.8E-11 
2 . 4 E - 1 1  6.DE-11 
2 . 5 E - 1 1  6 .4E-11  
1 . 4 E - 1 1  3.4E-11 
1 . 2 E - 1 1  3 .1E-11  
1 . 2 E - 1 1  3 . 1 E - 1 1  
2 . 1 E - 1 1  5.3E-11 
3 . 5 E - 1 1  8 .9E-11  
4 . 4 E - 1 1  l . l E - 1 0  
4 . 9 E - 1 1  1.2E'-10 
5.OE-11 1.3E-10 
4 . 6 E - 1 1  1.2E-10 
3 . 1 E - 1 1  7.8E-11 
--I--_I---__--- 

D i s t a n c e  ( m )  

2 . 3 E - 1 1  
1 . 6 E - l l  
1 S E - 1 1  
2.OE-11 
3 .1E-11  
3 .3E-11  
1 .8E-11  
1 .6E-11  
1 .6E-11  
2 . 8 E - 1 1  
4.5E-11 
5 .8E-11  
6 .3E-11  
6.5E-11 
6.OE-11 
4.OE-11 
-------- 

1 . 4 E - 1 1  
1.OE-11 
9 .7E-12  
1 .2E-11  
1 .9E-11  
2 .1E-11  
1 . 1 E - 1 1  
1 .OE-11  
1 . O E - 1 1  
1 .7E-11  
2 .8E-11  
3 . 6 E - 1 1  
4.OE-11 
4 . l E - 1 1  
3 . 7 E - 1 1  
2 . 5 E - 1 1  
------_ 

2 . 4 E - 1 1  
1 . 7 E - 1 1  
1 . 6 E - 1 1  
2 . 1 E - 1 1  
3 . 3 E - 1 1  
3 . 5 E - 1 1  
1 . 9 E - 1 1  
1 . 7 E - 1 1  
1 .7E-11  
2 . 9 E - 1 1  
4 . 8 E - 1 1  
6.OE-11 
6 . 6 E - 1 1  
6 . 8 E - 1 1  
6 . 3 E - 1 1  
4 . 2 E - 1 1  
.-------- 

D i r e c t i o n  1 7 1 9  1 2 3 1  1 8 2 8  1895  1795  2809 . 1 9 4 2  

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

5 
SSE 

SE 
ESE 

E 
EN€ 

NE 
NNE 

3 . 2 E - 1 1  
2 . 3 E - 1 1  
2 . 2 E - 1 1  
2 . 8  E.- 1 1 
4 . 4 E - 1 1  
4 . 7 E - 1 1  
2 . 5 E - 1 1  
2 . 2 E - 1 1  
2 . 2 E - 1 1  
3 . 9 E - 1 1  
6.4E-  11 
8 . 2 E - 1 1  
9 .OE-11  
9 . 2 E - 1 1  
8.4E-  11 
5 . 7 E - 1 1  

5 . 7 E - 1 1  
4 . 1 E - 1 1  
3 . 8 E - 1 1  
5.OE-11 
7 . 9 € - ' 1 1  
8 . 3 E - 1 1  
4 . 4 E - 1 1  
4.OE-11 
4.OE-11 
6 . 9 E - 1 1  
1 . 2 E - 1 0  
1 - 5 E - 1 0  
1 . 6 E - 1 0  
1 . 6 E - 1 0  
1 .5E-10  
1 - O E - 1 0  

2 . 9 E - 1 1  
2 . 1 E - 1 1  
1 . 9 E - 1 1  
2.5E-1.1 
3 .9E-11  
4 . 2 E - 1 1  
2 . 2 E - 1 1  
2.OE-11 
2.OE-11 
3 . 5 E  -11 
5 . 8 E - 1 1  
7 . 3 E - 1 1  
8 .1E-11  
8 .3E-11  
7 . 6 E - 1 1  
5 .1E-11  

2.7E-11 
2.OE-11 
1 .8E-11  
2.3E-11 
3 .7E-11  
3.9E-11 
2.1E-11 
1 .9E-11  
1 .9E-11  
3 .3E-11  
5 . 4 E - 1 1  
6.9E-11 
7.6E-11 
7 .7E-11  
7 .1E-31  
4 . 8 E - 1 1  

3.OE-11 
2 .1E-11  
2.OE-11 
2.6E-11 
4.1E-11 
4.. 3E-11 '  
2 . 3 E - 1 1  
2 .1E-11  
2.1E-11 
3.6E-11 
6.OE-11 
7 .6E-11  
8 .3E-11  
8 . 5 E - 1 1  
7 .8E-11  
5 . 3 E - 1 1  

1 .4E-11  
1.OE-11 
9.4E-12 
1 .2E-11  
1 .9E-11  
2.OE-11 
1.1E-11 
9 .  BE-12 
9 .8E-12  
1 .7E-11  
2 . 7 E - 1 1  
3 .5E-11  
3 .8E-11  
3 . 9 E - 1 1  
3 .6E-11  
2 .4E-11  

2 . 6 E - 1 1  
1 . 9 E - 1 1  
1 . 8 E - 1 1  
2 .2E-11  
3 . 5 E - 1 1  , 

3 . 8 E - 1 1  
2.OE-11 
1 .8E-11  
1 . 8 E - 1 1  
3.1E-11 
5 . 2 E - 1 1  
6 . 6 E - 1 1  
7 . 3 E - 1 1  
7.4E-11 
6 .8E-11  
4 . 6 E - 1 1  ' 

000674 
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INDIVIDUAL LIFETIME R I S K  ( d e a t h s )  
(All Radionucl ides and Pathways) 

Distance (m) 

Direction 2 1 6 7  2262  2223 2286 2319  1535  
.................................................................. 

N 2 . 2 E - 1 1  2.OE-11 2 . 1 E - 1 1  2.OE-11 1 . 9 E - 1 1  3 . 9 E - 1 1  
NNW 1 . 6 E - 1 1  1 .4E-11  1 .5E-11  1.4E-11 1 . 4 E - 1 1  2 . 8 E - 1 1  

NW 1 . 5 E - 1 1  1 .4E-11  1 . 4 E - 1 1  1 .3E-11  1 . 3 E - 1 1  2 . 6 E - 1 1  
WNW 1 . 9 E - 1 1  1 .7E-11  1 . 8 E - 1 1  1 .7E-11  1 . 7 E - 1 1  3 . 4 E - 1 1  

W 2 . 9 E - 1 1  2 . 7 E - 1 1  2 . 8 E - 1 1  2.7E-11 2 . 6 E - 1 1  5 . 3 E - 1 1  
wsw 3 . 1 E - 1 1  2 . 9 E - 1 1  3.OE-11 2.9E-11 2 . 8 E - 1 1  5 .7E-11  

sw 1 . 7 E - 1 1  1 . 6 E - 1 1  1 . 6 E - 1 1  1 .5E-11  1 . 5 E - 1 1  3 . O E - 1 1  
ssw 1 . 5 E - 1 1  1 . 4 E - 1 1  1 . 4 E - 1 1  1 .4E-11  1. 4 E - 1 1  2 . 7 E - 1 1  

S 1 . 5 E - 1 1  1 . 4 E - 1 1  1 . 4 E - 1 1  1 . 4 E - 1 1  1 . 3 E - 1 1  2 .7E-11  
SSE 2 . 6 E - 1 1  2 . 4 E - 1 1  2 . 5 E - 1 1  2.4E-11 2 . 3 E - 1 1  4 .7E-11  

SE 4 . 3 E - l l  4 .OE-11 4 . 1 E - 1 1  3.9E-11 3.8E-11 7 .8E-11  
ESE' 5 . 4 E - 1 1  5.OE-11 5 . 2 E - 1 1  5.OE-11 4 .8E-11  1.OE-10 

EN E 6 . 1 E - 1 1  5.7E-1.1 5 . 9 E - 1 1  5.6Eill ' 5 . 5 E - 1 1  1 . l E - 1 0  
NE 5 . 6 E - 1 1  5 . 2 E - 1 1  5 . 4 E - 1 1  5.2E-11 5 .OE-11  1.OE-10 

NNE 3 . 8 E - 1 1  3 .5E-11  3 . 7 E - 1 1  3.5E-11 3 . 4 E - 1 1  6 . 9 E - 1 1  

E 6 . O E y l l  5 . 6 E - 1 1  5 . 7 E - 1 1  5.5E-11 5 . 3 E - 1 1  l . l E - 1 0  ' 

.. ._ 

088675, 



ATTACHMENT D.1-3 

BUILDING 79 ENCLOSURE - PART 1A 
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C A P B B - P C  

V e r s i o n  1 . 0 0  

C l e a n  A i r  A c t  A s s e s s m e n t  P a c k a g e  - 1 9 8 8  

S Y N O P S I S  R E P O R T  

Non-Rsdor. I n d i v i d u a l  A s s e s s m e n t  
F e b  1 2 .  2 0 0 3  4 : 0 8  pm 

F a c i  1 i t y :  FERNALD ENVIRONMENTAL MANAGEHENT PROJECT 
A d d r e s s :  P.  0 .  BOX 538704  

7400 W ! L L E Y  R O A D  
City: C I N C I N ~ ~ I A T I  

S t a t e :  OH Z i p :  25253-5704 

E f f e c t i v e  C?se E q l i i v e l e n i  
( m r r q / y e a r  1 

______----_-________-_-- 
MAXIMUM POTENTIAL I M P A C T  AT S I T E  

(Part 1 A )  
2 . 3 5 E - 0 4  BOUNDARY IS 2 . 3  E-04 MREMIYR 

_____________------------ 

A L  T h i s  L o c a t i o n :  393  M e t e r s  [ a s ~  N o r t h e e s t  

Source C 8 t e g o r y :  VENT 

E m i s s i o n  Y e s r :  2 0 0 7  
S o u r c e  Type: S t a c k  

Comments: APPL FOR AP??: O F F S I T E  EDE FOR R A D .  EMISSIONS 
FROEl THE B U I L D I N G  79  ENCI.OSURE- P A R T  1 A -  ORGANIC 

D a t a s e c  Name:  6LDGT: -1A-APPL 
D a t a s e t  D a t e :  F e b  1 2 .  2 0 0 3  d:08 pm 

Wind F i l e :  W N D F I L E S \ j Y R C A P 8 8 . W N D  

Q00677 



Feb 12. 2 0 0 3  4 :08  pm 

M A X I M A L L Y  E X P O S E D  I N D I V I D U A L  

S Y N O P S I S  
Page 1 

L o c a t i o n  O f  The I n d i v i d u a l :  395 M e t e r s  E a s r  li?ftiie:jt 
Lifet ime F a t a l  Cancer R i s k :  3 . 0 0 E - 0 9  

ORGAN D O S E  E Q U I V A L E N T  SUMMARY 

O q z n  
----- 
G O N A D S  
B R E A S T  
R MAR 
L U N G S  
T H Y  RO I D 
E N D O S T  
RMNDR 

D o s e  
€ q u i  v a l  e n t  
(mr m l y  ; 

8 .12E-07  
7 . 3 8 E - 0 7  
3.06 E-05 
i . 78E-03  
8 . 1 8 E - 0 7  
4 . 0 0 E - 0 4  
1.60E-05 

E F F E C  2 . 3 5 E - 0 4  

QQQ678 



h 

Feb 12. 2 0 0 3  4 : 0 8  pm 

Nucl i de 

U - 234 
U-235 
U-238  
PA-226 
TH - 228 
TH - 230 
TH-232 
U-236  
SR-90 
TC - 99 
RU-106 
CS-137 
B A -  137M 
RA-228 
TH - 234 
P A -  234M 
t i p -237  
PU - 238 
PU-239 
PU-240 
PU-2<! 
P U  - 242 

RADIONUCLIDE EMISSIONS DURING THE YEAR 2 0 0 3  

Source  
,“1 TOTAL 

C l z s s  S i z e  C i l y  C i l y  

Y 1.00 
Y 1 . 0 0  
Y 1.00 
L! 1 . 0 0  
Y 1 . 0 0  
Y 1 . 0 0  
Y 1 . 0 0  
Y 1 . 9 0  
D 1 . 0 0  
1.! 1 . 0 0  
Y 1 . 0 0  
D 1 . 0 0  
D 1 . 0 0  
L! 1 . 0 0  
Y 1 . 0 0  
Y 1 . 0 0  
K 1 . 0 0  
Y 1 . 0 0  
Y i.00 
Y 1 . 0 0  
Y I .  09 
‘I 1 . 0 0  

6 . 8 E - 0 8  6 . 8 E - 0 8  
3 . 6 E - 0 9  3 . 6 E - 0 9  
7 . 6 E - 0 8  7 . 6 E - 0 8  
4 . 8 E - 1 1  4 . 6 E - 1 1  
2.OE-09 2 .OE-09  
6 .OE-09  6.OE-09 
3 . 2 E - 1 0  3 . 2 E - 1 0  
2 . 6 E - 0 9  2 . 6 E - 0 9  
4 .OE-10  4 .OE-10  
8 . 4 E - 0 9  8 . J E - 0 9  
i .  6E-09  1 . 6 E - 0 9  
1 . 2 E - 0 9  ! . 2E-09  
1 . 2 E - 0 9  1 . 2 E - 0 9  
1 . 9 E - 1 0  1 . S E - 1 0  
3 .OE-07 3 . O E - 0 7  
3.OE-07 3 , O E - 0 7  
2 . C E - l l  2 .GE-11  
2 . 9 E - i l  2 CE-11 
1 . 9 E - 1 0  1 . 9 E - 1 0  
J . 9 E - 1 1  ’ . S E - 1 1  
: . l E - ! O  :. iE- i@ 
i .  OE-12 ‘I. OE-14 

S I T E  I N F O R M A T I  @El 

T e m p e r z r u r o :  10  degres s  C 
P r e c i p i t a t i o n :  1 0 0  cmly 
M i x i n g  H e i g h t :  1000  IT, 

SYNOPSIS 
Psge 2 

080679 



Feb 1 2 .  2003 4 : 0 8  p m  

SOURCE INFORMATION 

Source Number: 1 
-------- 

St?ck H e i g h t  ( m ) :  0 . 9 i  
Diameter !n) :  0 . 8 4  

Plume R i s e  
Mmecturn (mls)  : 1.70€+00 
( E x i t  V e l o c i t y )  

AGRICULTURAL DATA 

F r ? c t ' t c .  H ~ r ~ t  Prsductd: 0.700 0.399 3 . 1 4 2  
F r s c t i o n  Frc;.. Assessment A r e ? :  0.300 0.601 0 . 5 5 8  

f r a C t i G 5  Imported:  0.000 0.000 0.000 

Food Arrays were n o t  generated f o r  t h i s  f u n  
Defaul t  Values  u s e d .  

DISTANCES USED F O R  MAXIMUkI I N D I ' J I D U A L  ASSESSMENT 

SYNOPSIS 
Pege 3 

000680 



C A P 8 8 - P C  

V e r s l o n  1 . 0 0  

C l e a n  A i r  A c t  A s s e s s m e n t  P a c k d g e  - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

N o n - R r d o n  I n d i v i d u e l  A s s e s s m e n t  
Feb 12 .  2 0 0 3  4:08 pm 

F z c i l i t y :  F E R N A L D  E N V I R O N M E N T A L  MANAGEMENT P R O J E C T  
A d d r e s s :  P .  0 .  BOX 5 3 8 7 0 4  

7 6 0 0  W I L L E Y  ROAD 
C r  ty : C I N C I N N A T I  

S t e t c :  OH Z i p :  $5253-8704 

Szvrce C 2 : e g o r y :  VENT 

E m i s s i o n  Y i a r :  2 0 0 3  
S o u r c e  Type: S t i c k  

C , > f i o 3 E C t s :  APPL FOR A P P R -  O F F S I T E  EDE FOR R A D .  E M I S S I O R S  
FROM THE B U I L D I N G  79 ENCLOSURE-  P A R T  1 A -  O R G A N I C  

D e t a s o t  N c m e :  B L O G ; 4 - 1 A - A P P L  
@ a t e s e t  0 ~ ~ 2 :  Fzt 1 2 .  2003 4 1 0 8  pm 

bl'nd f i l e :  W N D F I L E S \ S Y R C A P 8 8 . W N D  

000681 



_ - -  - -  - _ - -  4 8 8 0  
- - -- __ . _ _  e 

F e b  12. 2 0 0 3  4 . 0 8  pm SUMMARY 
Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Org2n 

S e l  e c t e 3  
I n d i v i d u z l  
(mr em/y 1 

G 0 NAD 5 
BREAST 
R MAR 
LUNGS 
T H Y R O I D  
ENDOST 
RMNDR 

a .  1 2 ~ - 0 7  
7 . 3 8 E - 0 7  
3 . 0 6 E - 0 5  
1.78E-03 
a .  ~ ~ - 0 7  
4 . 0 0 E - 0 4  
1 . 6 0 E - 0 5  

EFFEC 2 . 3 5 E - 0 2  

PATHWAY E F F E C T I V E  DOSE E D U I V A L E N T  SUMMARY 

Pathwzy 

S e l e c t e d  
I n d i v i d u e t  

( m r  em/y 1 

I N G E S T l  ON i .  10E-33  
I N H A L A T I O N  2 . 2 4 E  -01 
A I R  IMMERSION 2 . 1 2 E - 1 ' 1  
GROUFID SURFACE 1 . 2 6 E - 0 7  
I N T E R N A L  2 . 3 5 E - 0 4  
EXTERNAL 1 . 2 6 E - 0 7  

T O T A L  2 . 3 5 E - 0 4  

080682 



Feb 1 2 .  2 0 0 3  4 : 0 8  pm S U M MA R Y 
P i g e  2 

N U C L I D E  EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nucl i d e  
______- 

U - 2 3 4  
U - 2 3 5  
U - 2 3 8  
R A - 2 2 6  
T H - 2 2 e  
T H - 2 3 0  
T H - 2 3 2  
U - 2 3 6  
S R - 9 0  
TC-99 
R U - 1 0 6  
c s - 1 3 7  
B A - 1 3 7 PI 
R A - 2 2 8  
T H - 2 3 4  
PA-234M 
N P - 2 3 7  
P U - 2 3 8  
P 'J -235 
P U - 2 4 0  
P U - 2 4 1  
P U - 2 1 2  

Selected 
Icdividuzl  

(rnr em/y) 

1 . 0 1 E - 0 4  
5 . 0 6 E - 0 6  
1 . 0 0 E - 0 4  
8.85E-09 
5 . 4 6 E - 0 6  
1 . 6 3 E - 0 5  
1 . 2 5 E - 0 6  
3.65E-06 
1.29E-08 
r ! .  67E-08 
1 . 1 0 E - 0 8  
1 .  i ~ o e  
1 . 0 2 E - 1 2  
1 . 3 6 E - 0 8  
2 . 3 9 E - 0 7  
2 . 3 1 E - 1 2  
1 . 3 3 E - 0 7  
1 . 0 5 E - 0 7  
7 .  J J E - 0 7  
1 . 9 2 E - 0 7  
4 . 3 3 E - 0 8  
3 . 7 2 E - 1 1  

TOTAL 2 . 3 5 E - 0 4  

000683 



Feb 1 2 .  2 0 0 3  4 : 0 8  pm 

C a n i e r  
----- 
LE UKEFl I A 
BONE 
THYROIC 
8 R  EAST 
LUNG 
STOMACH 
BOWEL 
L I V E R  
PANCREAS 
URINARY 
OTHER 

TOTAL 

CANCER R I S K  S U H H A R Y  

S e l e c t e d  I n d i v i d u a l  
Tci? l  L i f e t ime  

F e t t l  C a n c e r  R i s k  
-----__---------___ 

2 . 9 6 E - 1 1  
1 . 9 1 E - 1 1  
2 .33E-13  
1 . 6 7 E - 1 2  
2 . 9 1 E - 0 9  
2 . 3 8 E - 1 2  
2 . 8 9 E - 1 2  
3 . 3 8 E - 1 2  
6 . 5 7 E - 1 3  
3 .  i 6 E - 1 1  
8 . 0 4 E - 1 3  

3 . 0 0 E - 0 9  

PATHHAY R I S K  SUFIMARY 

I N G  E S  T I ON 
I N  H A L  .AT I 0 F: 
A I R  I M M E R S I O N  
G R O U N D  SURFACE 
I N T E R N  4 L 
E X T E R N A L  

TOTAL 

6 .O1E-11 
2 . 9 4 E - 0 9  
J . 7 6 E - 1 6  
2 . 8 9 E - 1 2  
3 . 0 0 E - 0 9  
2 . 8 9 E - 1 2  

3 . 0 0 E - 0 9  

S UHIY A R Y 
Page 3 

- 

000684 

.. . . 



Feb 12 .  2003 4 : 0 8  pm 

U-234 
U-235 
U-238 
RA-226 
TH-228 
TH-230 
TH-232 
U-236 
SR-90 
TC-95 
RU-106 
c s - 1 3 7  
B A - 1 3 7 t4 
RA-228 
TH -23k  
PA-231M 
NP-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU -242  

NUCLIDE R I S K  SUHMARY 

S e l e c t e d  I n d i v i d u a l  
T o t e l  L i f e t i m e  

F a c a l  C z n c e r  R i s k  

1.3OE-09 
6.67E-11 
1.31E-09 
1.25E-13 
1.10E-10 
1.34E-10 
7.04E-12 
4.72E-11 
2.17E-13 
1. 72E-12 
5.35E-13 
2.99E-13 
2 .  C4E-17 
1.45E-13 
8.09E-12 
5.89E-17 

5.02E-13 
5.86E-12 

1.65E-13 
2.93E-16 

6 .  i 2 E - 1 3  

1 . 5 1 E - i 2  

TOTAL 3 . 0 0 E - 0 9  

S U M MAR Y 
Psge 4 

000685 



F e b  1 2 .  2 0 0 3  4 : 0 8  pm 

I N D I V I D U A L  EFFECTIVE DOSE EOUIVALENT RATE (rnrem/y) 
( A l l  R a d i o n u c l i d e s  end Pa thways )  

S U I.1M AR Y 
Page 5 

Distznce ( m )  

D i  r e c t  i on 1 2 6 5  3 9 5  1 1 5 7  1 4 2 4  1 3 9 5  1 9 2 4  8 1 1  

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
SSE 

S E  
ESE 

E 
ENE 

NE 
NNE 

1 . O E - 0 5  8 . 1 E - 0 5  1 . 2 E - 0 5  8 . 3 i - 0 6  
7 . 4 E - 0 5  5 . 8 E - 0 5  8.5E-06 6 . ! E - 0 6  
7 . O i - 0 6  5 . 5 E - 0 5  8 . O E - 0 6  5 . 8 E - 0 6  
8 . 9 E - 0 6  7 . O E - 0 5  I . O E - 0 5  7 . 3 E - 0 6  
1 . 4 E - 0 5  1 . l . E - 0 4  1 . 6 E - 0 5  1 .  !E-05 
1 . 4 E - 0 5  1 . 2 E - 0 1  L . 7 E - 0 5  1 . 2 E - 0 5  
7 . 9 E - 0 6  6 . 2 E - 0 5  9 . 2 E - 0 6  16.6E-04 
7 . 2 E - 0 6  5 . 6 E - 0 5  8 . 3 E - 0 6  6 . O E - 0 6  
7 . 2 E - 0 6  5 . 5 E - 0 5  8 . 3 E - 0 6  6.OE-06 
1 . 2 E - 0 5  9 . 9 E - 0 5  [I.aE-05] 1 . O E - 0 5  
2 . O E - 0 5  1 . 6 E - 0 4  2 . 3 E - 0 5  1 . 6 E - 0 5  
2 . 5 E - 0 5  2 . O E - 0 4  2 . 9 E - 0 5  2 . 1 E - 0 5  
2 . 8 E - 0 5  3 . 2 E - 0 5  2 . 3 E - 0 5  
2 . 8 E - 0 5  2 . 3 E - 0 4  3 . 3 E - 0 5  2 . 3 E - 0 5  
2 . 6 E - 0 5  2.J.E-04 3 . O E - 0 5  2 . 1 E - 0 5  
[ m q  1 . 4 E - O d  2 . O E - 0 5  1 . " - 0 5  

8 . 6 E - 0 6  
6 . 3 E  -06 
6 . O E - 0 6  
7 . 6 E - 0 6  
P.2E-051 
1. 2 E - 0 5  
6 . 8 E - 0 6  
6 . Z E - 0 6  
6 . 2 E - 0 6  
1 . O E - 0 5  
1 . 7 E - 0 5  
2 . 1 E - C 5  
2 . 3 E - 0 5  
2 . 4 E - 0 5  
2 . 2 E - C 5  
1 . 5 E - 0 5  

5 . 2 E - 0 6  
3.4E-06 
3 . 6 E - 0 6  

6 . 9 E - 0 6  
7 . 3 E - 0 6  
4 . 1 E - 0 6  
3 .  ~ ~ - 0 6  
3 . 8 E - 0 6  
6 . 1 E - 0 6  
9 . 8 E - 0 6  
1 . 2 E - 0 5  
1 . 4 E - 0 5  
1 . 4 E - 0 5  
1 . 3 E - O J  
8. e i - 0 5  

2 . 2 E - 0 5  
1 . 6 E - 0 5  
i . 5 E - 0 5  
1 . 9 E - 0 5  
3 . O E - 0 5  
3 . 1 E - 0 5  
!.7E-05 
1 . 5 E - 0 5  
1. S E - 0 5  
2 . 7 E - 0 5  
4 . 4 E - 0 5  
5.M-05 
6 . 1 E - 0 5  
6 . 2 E - 0 5  
5 . 7 E - 0 5  
pKEl 

D i s t s n c e  !n) 

. . . r  Girsition 5 '5 8 1 1 6 3  1 2 2 7  1 2 6 6  1482 1 - - 3  !683 

N 
NNW 
N w 

W M L !  
k' 

wsw 
sw 

ssw 
S 

SSE 
S E  

ESE 
E 

ENE 
El E 

NNE 

4 . 3 E - 0 5  1.2E-Gj 1.!E-05 !.OE-.05 i . 8 E - 0 6  8 . 1 E - 0 6  6 . J E - 0 6  
3 . i E - 0 5  /ml 7 . 8 i - 0 6  7 . e E - 0 6  5 . i E - 0 6  6.0:-06 4 . 7 E - 0 6  

3 . 8 E - 0 5  1 . O E - 0 5  5.3i-06 8 . 8 E - 0 6  6 . 8 E - C 6  7 . ! E - %  (5.6E-361 
6 . O E - 0 5  : . 6 E - 0 3  : . L E - 0 5  1.c:-05 l . l E - G 5  l . l E - 2 ' 5  8 . 5 E - 0 6  
6 . 3 E - 0 5  1 . 7 E - 0 5  i . 5 E - 0 5  1 . 6 - 0 5  l . l E - 0 5  b.2E-(jjl 9 . O E - 0 6  

3 . O E - 0 5  8 . O E - 0 6  7 . 3 i - 0 6  7.0:-06 5 . 4 E - 0 6  5 . 6 E - 0 6  J . 5 E - 0 6  

3 . 3 E - G 5  9 . 1 E - 0 6  8 . 3 E - 0 6  7 . 9 E - 0 6  6 . 2 E - 0 6  6 . 4 E - 0 6  5 . 1 E - 0 6  
3 . O E - 0 5  8 . 2 E - 0 6  7 . 5 E - 0 6  7 . 2 E - 0 6  (5-a 5 .  8 E - 0 6  4 . 6 E - 0 6  
3 . O E - 0 5  8 . 2 E - 0 6  7 . 5 E - 0 6  m d  5 . 6 E - 0 6  5 . 8 E - 0 6  4.6;-06 
5 . 3 E - 0 5  1 . 4 E - 0 5  1 . 3 E - 0 5  1 . 2 E - 0 5  9.4E-06 9 . 8 E - 0 6  7 . 6 E - 0 6  
8 . 8 E - 0 5  2 . 3 E - 0 5  2 . 1 E - 0 5  2 . O E - 0 5  1 . 5 E - 0 5  1 . 6 E - 0 5  1 . 2 E - 0 5  
l . l E - 0 4  2 . 9 E - 0 5  2 . 6 E - 0 5  2 . 5 E - 0 5  1 . 9 E - 0 5  2 .OE-CS 1 . 5 E - 0 5  
1 . 2 E - 0 4  3 . 2 E - 0 5  2 . 9 E - 0 5  2 . 8 E - 0 5  2 . 1 E - 0 5  2 . 2 E - G 5  1 . 7 E - 0 5  
1 . 3 E - 0 4  3 . 2 E - 0 5  3 . O E - 0 5  2 . 8 E - 0 5  2 . 1 E - 0 5  2 . 2 E - 0 5  1 . 7 E - 0 3  

1-1 3 . O E - 0 5  2 . 7 E - 0 5  2 . 6 E - 0 5  2 . O E - 0 5  2 . 1 E - 0 5  1 . 6 E - 0 5  
7 . 7 E - 0 5  2 . O E - 0 5  I-1 1 8t-02 1 . S E - 0 5  1 . 3 E - 0 5  l . G E - 9 5  i.iE-05 

000686 



F e b  12. 2 0 0 3  4:O8 pm S U M M A R Y  
Page 6 

I N D I V I D U A L  EFFECTIVE DOSE EOUIVALENT RATE (rnremly 1 
!All Ri!d?anuc! ides 2 r :  Pzthways) 

N 9 . 7 E - 0 6  2 . 9 E - 0 5  1 . 4 E - 0 5  3 . 5 E - 0 5  1 . 2 E - 0 5  
NMU 7.1E-06 2 . l E - 0 5  ! .OE-05 2 . 5 E - 0 5  8 . 9 E - 0 6  

NLJ [6.7E-06) 2 . O E - 0 5  9 . 9 E - 0 6  18.41 
1,: N W 8 . 5 E - 0 6  2 . 5 E - 0 5  1 . 3 E - 0 5  3 . 1 5 - 0 5  1 . l . E - 0 5  

W 
W S W  

sw  
ssw 

S 
S S E  

5: 
ESE 

E 
E N E  

M E 
FI El E 

1 . 3 E - 0 5  4 . O E - 0 5  
1 . 4 E - 0 5  4 . 2 E - 0 5  
7 . 7 E - 0 6  2 . 2 E - 0 5  
6 . 9 E - 0 6  2 . O E - 0 5  
6 . 9 E - 0 6  2 . O E - 0 5  
1 . 2 E - 0 5  3 . 5 E - 0 5  
l . ? E - 0 5  (5.8E-051 
2 . 4 E - 0 5  7 . C E - 0 5  
2 . 7 E - 0 5  8 . 1 E - 0 5  
2 . 7 E - 0 5  8 . 3 E - 0 5  
2 . 5 E - 0 5  7 . 5 E - 0 5  
1 7 E - 0 5  5 i E - 0 5  

2 . O E - 0 5  
2 . 1 E - 0 5  
1 . 1 E - 0 5  
1 . O E - 0 5  
1 . O E - 0 5  
1 . 7 E - 0 5  
2 . 9 E - 0 5  
3 . 6 E - 0 5  
4 . O E - 0 5  
4 . 1 E - 0 5  

4.8:-05 

2.7:- 05 
2 . 4 E - 0 5  
2 . 4 E  - 0 5  
4 . 3 E - 0 5  
7 . 1 E  - 0 5  
8.9E - 0 5  
9 . 8 E - 0 5  
1. oi - O ?  
9 .2E  -05  
6 .  ; , -E 

5.0 ; -O i  

r -  

1 . 7 E - 0 5  
1 . 7 ~ - 0 5  
9 . 5 E - 0 6  
8 . 6 E - 0 6  
8 . 6 E - 0 6  
1 S E - 0 5  
2 . 4 E - 0 5  
3.OE-05 
3 . 3 E - 0 5  
3 . 4 E  -05  
3 . 1 E - 0 5  
2 . 1 E - 0 5  

008687 



F e b  1 2 .  2 0 0 3  4 : 0 8  pm 

4 8 8 0  

SUMMARY 
Page 7 

I N D I V I D U A L  L I F E T I M E  R I S K  ( d e a t h s )  
(All Radionuc l ides  and Pathways) 

Dis tance  ( m )  

Direc t ion  1 2 6 5  3 9 5  1 1 5 7  1 4 2 4  1395 1 5 2 4  E l l  

!I 
N :1%' 

NW 
W M W  

W 
wsw 

S H  
s s 3 

S 
SSE 

S E  
ESE 

E 
ENE 

NE 
N 11 E 

1 . 2 E - 1 0  
9 . O E - l l  
8 . 5 E - 1 1  
l . l E - 1 0  
1 . 7 E - 1 0  
1 . 8 E -  1 0  
9 . 7 E - 1 :  
E .  8 E - 1 1  
8 . 7 E - l i  
1 . 5 E - 1 0  
2 . 5 E - 1 0  
3 . 2 E -  1 0  
3 . 5 E - 1 0  
3 . 6 E - 1 0  
3 . 2 E - 1 0  
2 . 2 E - 1 0  

. 1 . O E - 0 9  
7 . 4 E - 1 0  
7 . O E - 1 0  
8 . 9 E - 1 0  
1 . 4 E - 0 9  
1. 5 E - 0 9  
7 . 4 E - 1 0  
7 .  i E - 1 0  
7.!E-!O 
1 . 3 E - 0 9  
2 . 1 E - 0 9  
2 . 6 E - 0 9  
2 . 9 E - 0 9  
3 . O E - 0 9  
2 . 7 5 0 9  
l . 8 E - 0 9  

1 . 4 E - 1 0  
1 . O E - 1 0  
5 . 6 E - 1 1  
1 . 3 E - 1 0  
2 . O E - 1 0  
2 . 1 E - 1 0  
1.1E-10 
1 . O E - 1 0  
1 . O E - 1 0  
1 . 8 E - 1 0  
2 . 9 E - 1 0  
3 . 7 E - 1 0  
4 . 1 E - 1 0  
4 .  ! E - 1 0  
3 . 8 E - 1 0  
2 . 5 E - 1 0  

1 .OE-10 
7 . 4 E - 1 1  
7 . O E - 1 1  
8 . 9 E - 1 1  
l . 4 E - 1 0  
1 . 5 E - 1 0  
8 . O E - 1 1  
7 . 2 E - 1 1  
7 . 2 E - 1 1  
1 . 2 E - 1 0  
2 .OE-10 
2 . 6 E - 1 0  
2 . 8 E - 1 0  
2 . 9 E - 1 0  
2 . 6 E - 1 0  
1 . 8 E - 1 0  

l . 1 E - 1 0  
7 . 6 E - 1 1  
7 . 2 E - 1 1  
9 . 2 E - 1 1  
1 . 4 E - 1 0  
1 . 5 E - 1 0  
8 . 2 E - 1 1  
7 . 4 E - 1 1  
7 . 4 E - 1 1  
i . 3 E - 1 0  
2 . 1 E - 1 0  
2 . 7 E - 1 0  
2 . 9 E - 1 0  
3 , O E - 1 0  
2 . 7 E - 1 0  
1 . 9 E - 1 0  

6 . 2 E - 1 !  
4 . 5 E - l l  
4 . 2 E - i l  
5 . 4 E - 1 1  
8 . 3 E - l l  
8 . 8 E - 1 1  
4 . 8 i - l l  
4 . J E - l l  
d . 4 E - l i  
7 . 4 E - l l  
1 . 2 E - 1 0  
1 . 5 E - 1 0  
1 . 7 E - 1 0  
1 . 7 E - 1 0  
1 . 6 E - 1 0  
l . 1 E - 1 0  

2 . 7 E - 1 0  
2 . O E - I O  
I .9E- !0  
2 .  d E - 1 0  
3 . 8 E - 1 0  
2.0:-  10 

- 2 . 1 E - 1 0  
1 . 9 E - 1 0  
1 . 5 E - I O  
2 . 4 E - 1 0  
5 . 6 E - i 0  
i .  1 E - 1 0  
7 .  8E-10  
7 . 5 E - i 0  
7 . 2 E - 1 0  
2 . 8 E - 1 0  

Dis tznce  ! m )  

Di r e c t i  o n  558 1 1 6 3  1 2 2 7  1 2 6 6  1 4 8 2  11145 1 6 8 5  

N 5 . 5 E - 1 0  
F1 Id w 3 . O E - 1 0  

N'rl 3 . 7 E - 1 0  
WNW d . 8 E - 1 0  

I.! 7 . 7 E - 1 0  
WS!4 9 . O E - 1 0  

SLI 4 . 2 E - 1 0  
SS" 3.8E-10  

S 3 . 8 E -  10 
SSE 6 . 8 E - 1 0  

S E  1 .1E-09  

E 1 . 6 E - 0 9  
€FIE 1.6E-09 

M i 1 . 5 E - 0 9  
NNE 9 . 8 E - 1 0  

ESE i . 4 E - 0 5  

1 . 4 E - 1 0  
1 . O E - 1 0  
9 . 8 E - i l  
1.3E -10  
2 . O E - 1 0  
2 . 1 E - 1 0  
1 . 1 E - 1 0  
i .  O E - l O  
1 . O E - 1 0  
1 . 7 E - 1 0  
2 . 9 E - 1 0  
3 . 7 E - 1 0  
4 . O E - 1 0  
c. lE-10 
3 . 7 E - 1 0  
2 . 5 E - 1 0  

1 . 3 E - 1 0  
9 . 5 E - 1 1  
8 . 9 E - 1 1  
1 . 1 E - 1 0  
1 . 8 E - 1 0  
1 . 9 E - 1 0  

9 . 2 E - 1 1  
9 . 2 E - 1 1  
1 . 6 E - 1 0  
2 . 6 E - 1 0  
3 . 3 E - 1 0  
3 . 7 E - 1 0  
3 . 7 E - 1 0  
3 . 4 E - 1 0  
2 . 3 E - 1 0  

1 . O E - i O  

1 . 2 E - 1 0  9 . 5 E - 1 1  
9 . O E - 1 1  6 . 9 E - 1 1  
8 . 5 E - 1 1  6 . 5 E - 1 1  
1 . 1 E - 1 0  8 . 3 E - 1 1  
1 . 7 E - 1 0  1 . 3 E - 1 0  
l . E E - 1 0  : . 4 E - 1 0  
9 . 7 E - 1 1  7 . 4 E - 1 1  
8 .7E-? !  6 . 7 E - 1 1  
8 . 7 E - 1 1  6 . 7 E - 1 1  
1.5E-10 1 . 2 E - 1 0  
2 . 5 E - 1 0  1 . 9 E - 1 0  
3 . 2 E - 1 0  2 . 4 E - 1 0  
3 . 5 E - 1 0  2 . 6 E - 1 0  
3 . 5 E - 1 0  2 . 7 E - 1 0  
3 . 2 E - 1 0  2 . 5 E - 1 0  
2 . 2 E - 1 0  1 . 7 E - 1 0  

9 . 9 E - 1 1  
7.2E-! !  
6 . 8 E - l !  
8 . 7 E - l :  
1 . 4 E - 1 0  
1 . 4 E - 1 0  
7 . 8 E - ! i  
7 .OE-i! 
7 . O E - i l  
1 . 2 E - 1 0  
2 . O E - 1 0  
2 . 5 E - 1 0  
2 . 8 E - 1 0  
2 .  €€-lo 
2 . 6 E - 1 0  
1 . 7 E - 1 0  

7 . 7 E - 1 1  
5 . 6 E - l 1  
5.3:-11 
6 . 7 E - i l  
1 . O E - 1 0  

1 .  1 E - 1 0  
6 . O E - 1 1  
5 . 4 E - 1 1  
5 . 4 E - i l  

9 . 3 E - 1 1  
1 . 5 E - 1 0  
1 . 9 E - 1 0  
2 .  i E - 1 0  
i . 2 E - 1 0  
2 . O E - 1 0  
1 . 3 E - 1 0  

088688 



Feb 12. 2003 4:08 pm 

I ND v 
( A 1  1 

SUMMARY 
P a g e  8 

D U A L  LIFETIME R I S K  ( d e a t h s )  
R a d i o n u c l i d e s  a n d  P a t h w a y s )  

---______----------__--_--_______________________-----____________I_______ 

D i s t a n c e  ( m )  
______-__-------------_-__-__--_-_---------------------------- 

Di r e c t i  3n 1245 698 1015 629 1125 
____________--_________________________________________-__-------------c- 

N 1.2E-10 3.6E-10 1.8E-10 4 .4E-10  1.5E-10 
NNW 8.7E-11 2.6E-10 1.3E-10 3.2E-10 l.lE-10 

NW 8.2E-11 2.5E-10 1.2E-10 3.OE-10 1.OE-10 
WNW 1.OE-10 3.2E-10 1.6E-10 3.9E-10 1.3E-10 

W 1.6E-10 5.1E-10 2.5E-10 6.1E-10 2.1E-10 
wsw 1.7E-10 5.3E-10 2.6E-10 6.4E-10 2.2E-10 

sw 9.3E-11 2.8E-10 1.4E-10 3.4E-10 1.2E-10 
ssw 8.4E-11 2.5E-10 1.3E-10 3.1E-10 l.lE-10 

S 8.4E-11 2.5E-10 1.3E-10 3.1E-10 l.lE-10 
SSE 1.5E-10 4.5E-10 2.2E-10 5.4E-10 1.6E-10 

SE 2.4E-10 7.4E-10 3.6E-10 9.OE-10 3.OE-10 
ESE 3.OE-10 9.4E-10 4 . 6 E - 1 0  l.lE-09 3.8E-10 

E 3.3E-10 1.OE-09 5.1E-10 1.3E-09 4.2E-10 
EElE 3.4E-10 l.lE-09 5.2E-10 1.3E-09 4.3E-10 
M E 3 . 1 E - 1 0  9.6E-10 4.7E-10 1.2E-09 3.9E-10 

NNE  2.1E-10 6.4E-iC 3.2E-10 7.8E-10 2.7E-10 
__________---_-_---I^_-_______--__-___-_---------------------------------- 

QQQ689 



ATTACHMENT D.l-4 

BUILDING 80 ENCLOSURE 



. _  
C A P 8 8 - P C  

V e r s i o n  1 .00  

C l e a n  A i r  A c t  Assessment Package - 1 9 8 8  

S Y N O P S I S  R E P O R T  

Non-Radon I n d i v i d u a l  Assessment  
Nov 4. 2 0 0 2  10:25 a m  

F a c i  1 i t y  : FERNALD ENVIRONMENTAL HANAGEMENT PROJECT 
A d d r e s s :  P.  0 .  BOX 538704 

. 7400 WILLEY ROAD 
C i t y :  CINCINNATI 

S t a t e :  OH Z i p :  45253-8704 

E f f e c t i v e  Dose Equi V a l  e n t  
( m r e m / y e a r )  

........................ 
MAXIHUM POTENTIAL IMPACT AT THE 

AT LOCATION 968 METERS EAST 
8 .66E-02  S I T E  BOUNDARY I S  4 . 4  E-02 HREM/YR 

A t  T h i s  L o c a t i o n :  667 M e t e r s  E a s t  N o r t h e a s t  

S o u r c e  C a t e g o r y :  V E N T  

E m i s s i o n  Year :  2 0 0 2  
S o u r c e  Type: S t a c k  

Comments: OFFSITE €DE FOR RADIONUCLIDE E M I S S I O N S  FROM 
BLDG. 80 ENCLOSURE- APPLICATION FOR APPROVAL 

D a t a s e t  Name: BLDG80-AFA 
D a t a s e t  Da te :  Nov 4 .  2002 10 :24  am 

Wind F i l e :  WNDFILES\5YRCAP88.WND 

I 



Nov 4 .  2002  10 :25  am 

MAXIMALLY EXPOSE0 INDIVIDUAL .. 

SYNOPSIS 
Page 1 

L o c a t i o n  O f  The I n d i v i d u a l :  667 M e t e r s  E a s t  N o r t h e a s t  
L i f e t i m e  F a t a l  Cancer  R i s k :  1.04E-06 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

GONADS 
BREAST 
R MAR 
LUNGS 
THYROID 
ENDOST 
RHNDR 

EFFEC 

Dose 
E g u i v a l  ent  

(mr em/y 1 

6.08.E-03 
5 .73E-03  
4 . 6 3 E - 0 2  
5.10E-01 
5 .71E-03  
5 .26E-01  
5 .34E-03  

8 .66E-02  

000692 



Nov 4 .  2002 

Nucl I de C1 ass 

TH-230 Y 
TH-232 Y 
RA-228 W 
AC-228 Y 
TH-228 Y 
RA-224 W 
RN-220 * 
PO-216 W 
PB-212 D 
B I - 2 1 2  W 
TL-208 D 
PO-212 W 

+: . 

10 :25  am 

RADIONUCLIDE E M I S S I O N S  D U R I N G  THE YEAR 2002 

S i t e  
-- 
1 . 0 0  
1.00 
1.00 
1 .oo 
1 . 0 0  
1 . 0 0  
0 . 0 0  
1 . 0 0  
1 .00  
1 . 0 0  
1 . 0 0  
1.00 

Source 
#1 TOTAL 

G I  l y  C l l y  

7 .8E-06  
3 . H - 0 5  
3 .1E-05  
3 .1E-05  
3 . 1 E - 0 5  
3 .1E-05  
3 .1E-05  
3 .1E-05  
3 .1E-05  
3 .1E-05  
1 . 1 E - 0 5  
2 . 1 E - 0 5  

7.8E-06 
3 .1E-05  
3 . 1 E - 0 5  
3 . 1 E - 0 5  
3 .1E-05 
3 . 1 E - 0 5  
3.E-05 
3 . 1 E - 0 5  
3 . 1 E - 0 5  
3.1E-05 
1 . 1 E - 0 5  
2.1E-05  

SI-TE INFORMATION 

Temperature: 1 0  degrees C 
P r e c i p i t a t i o n :  100  cmly 
M i x i n g  H e i g h t :  1000 m 

SYNOPSIS 
Page 2 

000693 

I 



c 

zi.. 

Nov 4 .  2002 10:25 am 

Source !umber: 

Stack H e i g h t  ( m l :  
Diameter  ( m ) :  

Plume R i s e  
Momentum (m/s l : 
( E x i t  V e l o c i t y )  

SOURCE I N F O R M A T I O N  
.. 

1 

1.50 
0.37 

8.76E+00 

S Y N O P S I S  
Page 3 

AGRICULTURAL DATA 

Vegetab le  M i l k  Meat 
-------- --- --- 

F r a c t i o n  Home Produced: 0.700 0.399 0.442 
F r a c t i o n  From Assessment Area: 0 . 3 0 0  0.601 0 . 5 5 8  

F r a c t i o n  Impor ted :  0 . 0 0 0  0 . 0 0 0  0.000 

Food Ar rays  were not genera ted  f o r  t h i s  , r u n .  
D e f a u l t  Values used. 

DISTANCES USED FOR M A X I M U M  INDIVIDUAL ASSESSMENT 
ON 5 I rt  OMS rTL 
&PA-(= 0 A - 1 7 L  

$667 b 8 4 9  968 1292 961 829 1555 1282 1088 1651 
1447 1263 1567 1177 1235 8 8 1  1242 1182 1061 



. e t  

C A P 8 8 - P C  

V e r s i o n  1 . 0 0  

C l e a n  A i r  A c t  Assessment  Package - 1 9 8 8  

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon I n d i v i d u a l  Assessment  
Nov 4 .  2002 10:25 am 

F a c i l i t y :  FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
Address :  P .  0. BOX 538704 

7400 WILLEY ROAD 
C i t y :  CINCINNATI 

S t a t e :  OH Z i p :  45253-8704 

S o u r c e  C a t e g o r y :  VENT 

E m i s s i o n  Year :  2002 
S o u r c e  Type: S t a c k  

Comments: OFFSITE EDE FOR RADIONUCLIDE EMISSIONS FROM 
BLOG. 80 ENCLOSURE- APPLICATION FOR APPROVAL 

O a t a s e t  Name: BLOG8O-AFA 
O a t a s e t  D a t e :  Nov 4 .  2002 10:24 am 

Wind F i l e :  WNDFILES\SYRCAP88.WND 

080695 



e-- 

Nov 4 .  2002 10:25 a m  

ORGAN DO-SE EQULVALENT SUMMARY 

Organ 
---- 
GONADS 
EREAST 
R MAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

S e l e c t e d  
I n d i v i d u a l  

(mrem/y 1 
--------- 

6.08E-03 
5.73E-03 
4.63E-02 
5 .  10E-01 
5 .7  1 E-03 
5.26E-01 
5.34E-03 

8.66E-02 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pa thway  

S e l e c t e d  
I n d i v i d u a l  
(mr emly ) 

INGESTION 1.17E-03 
INHALATION 8.08E-02 
A I R  IMMERSION 2.00E-07 
GROUND SURFACE 4 .69E-03  
INTERNAL 8.19E-02 
EXTERNAL 4.69E-03 

TOTAL 8.66E-02 

SUMMARY 
Page 1 

000696 



Nov 4 .  2002  1 0 : 2 5  am 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

. Selected 
I n d i  v i  dual 

(mr em/y 1 Nucl i de 

TH-230 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
RN-220 
PO-216 
PB-212 
81 -212  
TL-208 
PO-212 

7 .51E-03  
4.30E-02 
8 .51E-04  
1 .83E-03  
3 .01E-02  
4.45E-04 
1 .07E-06  
2.88E-08 
3.44E-04 
3 .60E-04  
2 .16E-03  
0.00E+00 

TOTAL 8 .66E-02  

SUMMARY 
Page 2 

080697 
8 



Nov 4 .  2002 10:25 am 

Cancer  

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
UR I NARY 
OTHER 

..CANCER R I S K  SUMMARY . .  

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

F a t a l  Cancer  R i s k  

TOTAL 

Pathway 

5.04E-08 
2 . m - 0 8  
2.43E-09 
2.09E-08 
8.79E-07 
1.33E-08 
7.06E-09 
1.60E-08 
8.BOE-09 
5.5 1 E-09 
1.08E-08 

PATHWAY R I S K  SUMMARY 

TOTAL 

1 ~ 04E-06 

I NG EST1 ON 
INHALATION 
A I R  IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

F a t a l  C a n c e r  R i s k  

6.14E-09 
9.20E-07 
4.84E-12 
1.13E-07 
9.26E-07 
1.13E-07 

1.04E-06 

SUMMARY 
Page 3 

I 
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Nov 4 .  2 0 0 2  1 0 : 2 5  am 

Nucl  i de  

TH-230 
TH-232 
RA-228 
AC-228 
TH-228 
RA-224 
RN-220 
PO-216 
PB-212 
E1 - 2 1 2  
TL-208  
PO-212 

TOTAL 

SUMMARY 
Page 4 

NUCLIDE RISK SUMMARY 

Selected I n d i v i d u a l  
T o t a l  L l f e t i m e  

F a t a l  Cancer  R i s k  

6.16E-08 
2.42E-07 
8.83E-09 
4.39E-08 
6 .04E-07  
1. DOE-08 
2 .57E-13  
6 .88E-13  
7.88E-09 
8 .61E-09  
5 .28E-08  
0.00E+00 

1.04E-06 

000699 



c 

Nov 4 .  2 0 0 2  1 0 : 2 5  a m  

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
( A 1  1 Rad ionuc l  i d e s  and Pathways 1 

SUMMARY 
Page 5 

N 
NNW 

NW 
W N W  

W 
wsw 

sw 
ssw 

S 
SSE 

SE 
ES E 

E 
ENE 

NE 
NNE 

3 .OE-02  
2 . 1 E - 0 2  
2.OE-02 
2 . 5 E - 0 2  
4 . 1 E - 0 2  
4 . 5 E - 0 2  
2 . 3 E - 0 2  
2 . 1 E - 0 2  
2 . 1 E - 0 2  
3 . 6 E - 0 2  
5 . 9 E - 0 2  
7 3 E - 0 2  
8 . 2 E - 0 2  
8 . 7 E - 0 2  
8 . 1 E - 0 2  
b.5E-021 

2.OE-02 1 . 6 E - 0 2  11x1 l . l E - 0 2  
1 . 3 E - 0 2  l . l E - 0 2  
1 . 7 E - 0 2  1 . 4 E - 0 2  
2 . 7 E - 0 2  2 . 2 E - 0 2  
3 . O E - 0 2  2 . 3 E - 0 2  
1 . 5 E - 0 2  1 .2E-02  
1 . 4 E - 0 2  l . l E - 0 2  
1 . 4 E - 0 2  l . l E - 0 2  
2 .4E-02  1 .9E-02  
4.OE-02 3 . 2 E - 0 2  
5.OE-02 4.OE-02 
5 . 5 E - 0 2  -1 
5 .8E-02  4 . 6 E - 0 2  
5 . 3 E - 0 2  4 . 2 E - 0 2  
3 . 6 E - 0 2  2 . 8 E - 0 2  

9 .8E  -03 
7.K-03 
6.7E -03 
8 .5E  -03 
1 .4E-02  
1 . 4 E - 0 2  
7 . 6 E - 0 3  
6.8E-03 
6.8E-03 

;-4 
2.5E-02 
2.8E-02 
2.8E-02 
2 .6E-02  
1 .7E-02  

1 .6E-02  
1 . 1 E - 0 2  

.1 .1E-02 
1 .4E-02  
2 .2E-02  
2 .4E-02  
1 . 2 E - 0 2  

-1 
1 . 1 E - 0 2  
2.OE-02 
3 . 2 E - 0 2  
4 .  OE -02 
4 .5E-02  
4.6E-02 
4 . 3 E  -02 
2.9E-02 

2 .1E-02  
1 . 5 E - 0 2  
1 .4E-02  
1 .8E-02  C2.9E-04 
3 .1E-02  
1 . 6 E - 0 2  
1 . 4 E - 0 2  
1 . 4 E - 0 2  
2 .5E-02  
4 . 1 E - 0 2  
5 . 2 E - 0 2  
5 .8E-02  
6.OE-02 
5 . 5 E - 0 2  
3 . 7 E - 0 2  

7 .2E-03  
5 .2E-03  
k.9E-04 
6 .3E-03  
1 . OE-02 
1 . 1 E - 0 2  
5 .6E-03  
5.OE-03 
5.OE-03 
8 . 8 6 - 0 3  
1 .5E-02  
1 . 8 E - 0 2  
2.OE-02 
2 .1E-02  
1 . 9 E - 0 2  
1 .3E-02  

D is tance  (m) 

D i r e c t i o n  1282  1 0 8 8  1 6 5 1  1 4 4 7  1 2 6 3  1567 1177  

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
SSE 

S E  
ESE 

E 
EN€ 

NE 
NNE 

9 . 9 E - 0 3  
7 . 2 E - 0 3  
6 . 8 E - 0 3  
8 . 6 E - 0 3  
1 . 4 E - 0 2  
1 . 5 E - 0 2  
7 . 7 E - 0 3  
6 . 9 E - 0 3  
6 . 9 E - 0 3  
1 . 2 E - 0 2  
2.OE-02 
2 .  5 E - 0 2  
2 . 8 E - 0 2  
2 . 9 E - 0 2  
12.6E-02j 
1 . 8 E - 0 2  

1 . 3 E - 0 2  
9 . 3 E - 0 3  
8.8E-03 
1 .1E-02  
1 .8E-02  
1 . 9 E - 0 2  
1.OE-02 
9.OE-03 
9.OE-03 
1 .6E-02  
2 . 6 E - 0 2  
3 . 3 E - 0 2  
3 . 6 E - 0 2  
P i 1  
3 . 5 E - 0 2  
2 . 3 E - 0 2  

6 . 5 E - 0 3  
4 . 7 E - 0 3  
4 . 4 E - 0 3  
5 . 7 E - 0 3  
9.OE-03 
9 .5E-03  
5 . l E - 0 3  
4 .6E-03  
4 .6E-03  
8.OE-03 
1 . 3 E - 0 2  
1 . 7 E - 0 2  
1 . 8 E - 0 2  
1 . 9 E - 0 2  
(1.7E-021 
1 . 2 E - 0 2  

8.1E-03 
5.9E-03 
5.  SE-03 
7.1E-03 
1 .1E-02  
1.2E -02  
6.3E-03 
5.7E-03 
5.7E-03 
9.9E-03 
1.6E-02 
2 .1E-02  
2.3E-02 
2.4E-02 ( 2 x 4  2 .7E-02  
1.4E-02 P.8E-04 

1.OE-02 
7.3E-03 
6 .9E-03  
8 .9E-03  
1 .4E-02  
1 .5E-02  
7 .9E-  03 
7.1E-03 
7.1E-03 
1.2E-02 
2 .1E-02  
2 .6E-02  
2.9E-02 
3.OE-02 

7.1E-03 
5.1E-03 
4 .8E-03  
6.2E-03 
9 .8E-03  
1.OE-02 
5 .5E-03  
5.OE-03 

1 .1E-02  
8 . 2 E - 0 3  
7 . 8 E - 0 3  
9 .9E-03  . 
1 . 6 E - 0 2  
1 . 7 E - 0 2  
8 .9E-03  
8.OE-03 

5.OE-03 7 .9E-03  
8.7E-03 [ m q  
1 . 4 E - 0 2  2 .3E-02  
1 . 8 E - 0 2  2 . 9 E - 0 2  
2.OE-02 3 . 2 E - 0 2  
2 .1E-02  3 . 3 E - 0 2  
11.9E-04 3 . O E - 0 2  
1 .3E-02  2.OE-02 

QOQSOQ 
8 
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I N O I J I D U A L  EFFECTIVE DOSE EQUIVALENT RATE (mrem/y 1 
(All Radionuclides and Pathwzys) 

Distance ( m )  

N l . l E - 0 2  1 . 9 E - 0 2  1 . O E - 0 2  [!d 1 . 4 E - 0 2  

NK 7 . 2 E - 0 3  1 . 3 E - 0 2  17x1 7 . 7 E - 0 3  9 . 2 E - 0 3  
NNW 7 . 6 E - 0 3  1 . 3 E - 0 2  7 . 5 E - 0 3  8 . 2 E - 0 3  9 . 7 E - 0 3  

WNW 9 . 2 E - 0 3  1 . 6 E - 0 2  9 . 1 E - 0 3  9 . 9 E - 0 3  1 . 2 E - 0 2  
W 

w s w  
sw 

ssw 
S 

SSE 
SE 

ES E 
E 

E N €  
NE 

NNE 

1 . 5 E - 0 2  
1 . 6 E - 0 2  
8 . 2 E - 0 3  
7 . 4 E - 0 3  
[TKZ/ 
l . 3 E - 0 2  
2 . 1 E - 0 2  
2 . 7 E - 0 2  
3 . O E - 0 2  
3 . l E - 0 2  
2 . 8 E - 0 2  
1 . 9 E - 0 2  

2 . 6 E - 0 2  
[2.8E-02J 
1 . 4 E - 0 2  
1 . 3 E - 0 2  
1 . 3 E - 0 2  
2 . 3 E - 0 2  
3 . 7 E - 0 2  
4 . 7 E - 0 2  
5 . 2 E - 0 2  
5 . 4 E - 0 2  
5 . O E - 0 2  
3 . 4 E - 0 2  

1 . 5 E - 0 2  
1 . 5 E - 0 2  
8 . 1 E - 0 3  
7 . 3 E - 0 3  
7 . 3 E - 0 3  
1 . 3 E - G Z  
2 .  L E - 0 2  
2 . X - 0 2  
2 . 9 E - 0 2  
3 . O E - 0 2  
2 . 8 E - 0 2  
1 . 9 E - 0 2  

1 . 6 E - 0 2  
1 . 7 E - 0 2  
8 . 8 E - 0 3  
7 .9E-C3 
7 . 9 E - 0 3  
1 . 4 E - 0 2  
2 . 3 E - 0 2  
2 . 9 E - 0 2  
3 . 2 6 - 0 2  
3 . 3 E - 0 2  
3 .  Of -02  
2 .OE-02 

1 . 9 E - 0 2  
2 . O E - 0 2  
1 . O E - 0 2  
9 . 4 E - 0 3  
9 . 4 E - 0 3  
i. 7E-GZ 
2 . 7 E - 0 2  

3 . 8 E - 0 2  
3 . 9 E - 0 2  
3 . 6 E - 0 2  
2 . 4 E - 0 2  

I3.4E-04 
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INDIV IDUAL L I F E T I M E  R I S K  ( d e a t h s )  
( A l l  R a d i o n u c l i d e s  a n d  Pathways )  

SUMMARY - 

P a g e  7 

D i s t a n c e  ( m )  

D i r e c t i o n  6 6 7  8 4 9  9 6 8  1292 9 6 1  8 2 9  1 5 5 5  

N 3 . 6 E - 0 7  
NNW 2 . 6 E - 0 7  

NW 2 . 4 E - 0 7  
W N W  3 . O E - 0 7  

W 4 . 9 E - 0 7  
W S W  5 . 4 E - 0 7  

SW 2 . 8 E - 0 7  
SSW 2 . 5 E - 0 7  

S 2 . 5 E - 0 7  
SSE 4 . 4 E - 0 7  

SE 7 . O E - 0 7  
ESE 8 . 8 E - 0 7  

E 9 . 8 E - 0 7  
ENE 1 . O E - 0 6  

NE 9 . 7 E - 0 7  
NNE 6 . 6 E - 0 7  

2 . 4 E - 0 7  
1 . 7 E - 0 7  
1 . 6 E - 0 7  
2 . O E - 0 7  
3 . 3 E - 0 7  
3 . 5 E - 0 7  
1 . 8 E - 0 7  
1 . 6 E - 0 7  
1 . 6 E - 0 7  
2 . 9 E - 0 7  
4 . 8 E - 0 7  
6 . O E - 0 7  
6 . 7 E - 0 7  
6 . 9 E - 0 7  
6 . 4 E - 0 7  
4 . 3 E - 0 7  

1 . 9 E - 0 7  
1 . 4 E - 0 7  
1 . 3 E - 0 7  
I. 6 E - 0 7  
2 . 6 E - 0 7  
2 . 8 E - 0 7  
1 . 5 E - 0 7  
1 . 3 E - 0 7  
1 . 3 E - 0 7  
2 . 3 E - 0 7  
3 . 8 E - 0 7  
4 . 8 E - 0 7  
5 . 3 E - 0 7  
5 . 5 E - 0 7  
5 . O E - 0 7  
3 . 4 E - 0 7  

1 . 2 E - 0 7  
8 . 4 E - 0 8  
8 .OE-03  
1 .OE-07  
! . 6E-07  
I. 7E-07  
9 . 1 E - 0 8  
8 . 2 E - 0 3  
8 . 2 E - 0 8  
! . 4 E - 0 7  
‘2 .4E-07 
3 .OE-07  
3 . 3 E - 0 7  
3 . 4 E - 0 7  
3 . 1 E - 0 7  
2 . E - 0 7  

1 . 9 E - 0 7  
1 .  SE-07 
1 . 3 E - 0 7  
I .  6 E - 0 7  
2 . 7 E - 0 7  
2 . 8 E - 0 7  
1 . S E - 0 7  
1 . 3 E - 0 7  
1 . 3 E - 0 7  
2 . 3 E - 0 7  
3 . 9 E - 0 7  
4 . 8 E - 0 7  
5 . J E - 0 7  
5 . 6 E - 0 7  
5 .  I E - 0 7  
3 . S E - 0 7  

2 . 5 E - 0 7  
1 . 8 E - 0 7  
1 . 7 E - 0 7  
2 . 1 E - 0 7  
3 . 4 E - 0 7  
3 . 7 E - 0 7  
1 . 9 E - 0 7  
1 . 7 E - 0 7  
1 . 7 E - 0 7  
3 . O E - 0 7  
5 . O E - 0 7  
6 . 2 E - 0 7  
6 . 9 E - 0 7  
7 . 2 E - 0 7  
6 . 7 E - 0 7 .  
4 . 5 E - 0 7  

8 . 6 E - 0 8  
6 . 2 E - 0 8  
5 . 8 E - 0 8  
7 . 5 E - 0 8  
1 . 2 E - 0 7  
1 . 3 E - 0 7  
6 . 7 E - 0 8  
6 . O E - 0 8  
6 . O E - 0 8  
1 . 1 E - 0 7  
1 . 7 E - 0 7  
2 . 2 E - 0 7  
2 . 4 E - 0 7  
2 . 5 E - 0 7  
2 . 3 E - 0 7  
1 . 5 E - 0 7  
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SUMMARY 
Page  8 

D i s t a n c e  (m) 

D i r e c t i o n  1 2 3 5  8 8 1  . 1 2 4 2  1182  1 0 6 1  

N 
NNW 

NW 
WNW 

W 
WSW 

SW 
SSW 

S 
SSE 

SE 
ESE 

E 
EN E 

NE 
NNE 

1 . 3 E - 0 7  
9 . 1 E - 0 8  
8 . 6 E - 0 8  
1 . 1 E - 0 7  
1 . 8 E - 0 7  
1 . 9 E - 0 7  
9 . 8 E - 0 8  
8 . 8 E - 0 8  
8 . 8 E - 0 8  
1 . 6 E - 0 7  
2 . 6 E - 0 7  
3 . 2 E - 0 7  
3 . 6 E - 0 7  
3 . 7 E - 0 7  
3 . 4 E - 0 7  
2 . 3 E - 0 7  

2 . 2 E - 0 7  
1 . 6 E - 0 7  
1 S E - 0 7  
1 . 9 E - 0 7  
3 . 1 E - 0 7  
3 . 3 E - 0 7  
1 . 7 E - 0 7  
1 . 5 E - 0 7  
1 . 5 E - 0 7  
2 . 7 E - 0 7  
4 . 5 E - 0 7  
5 . 6 E - 0 7  
6 . 2 E - 0 7  
6 . 5 E - 0 7  
6 . O E - 0 7  
4 .OE-07  

1 . 3 E - 0 7  
9 . O E - 0 8  
8 . 5 E - 0 8  
1 . 1 E - 0 7  
1 . 7 E - 0 7  
1 . 8 E - 0 7  
9 . 7 E - 0 8  
8 . 7 E - 0 8  
8 . 7 E - 0 8  
1 . 5 E - 0 7  
2 . 5 E - 0 7  
3 . 2 E - 0 7  
3 .  5 E - 0 7  
3 . 6 E - 0 7  
3 . 3 E - 0 7  
2 . 2 E - 0 7  

1 . 4 E - 0 7  
9 . 8 E - 0 8  
9 . 2 E - 0 8  
1 . 2 E - 0 7  
1 . 9 E - 0 7  
2.OE-07 
1 . 1 E - 0 7  
9 . 5 E - 0 8  
9 . 4 E - 0 8  
i .  7 E - 0 7  
2 . 7 E - 0 7  
3 . 5 E - 0 7  
3 . 8 E - 0 7  
4 .OE-07  
3 . 6 E - 0 7  
2 . 4 E - 0 7  

1 . 6 E - 0 7  
1 . 2 E - 0 7  
1 . 1 E - 0 7  
1 . 4 E - 0 7  
2 . 2 E - 0 7  
2 . 4 E - 0 7  
1 . 3 E - 0 7  
1 . 1 E - 0 7  
1 . 1 E - 0 7  
2 . O E - 0 7  
3 . 3 E - 0 7  
4 . 1 E - 0 7  
4 . 6 E - 0 7  
4 . 7 E - 0 7  
4 . 3 E - 0 7  
2 . 9 E - 0 7  
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DOE U.S. Department of Energy 
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FCP-SER-02-FINAL 
Appendix E, Revision 0 

May 2003 

APPENDIX E 

Appendix E presents split sample data as mentioned in Chapter 2 of this 2002 Site Environmental Report. 

The data analysis reflects split samples between the U.S. Department of Energy (DOE) and the 

Ohio Environmental Protection Agency (OEPA) for groundwater. The results are provided in Table E-1 

and the sample locations for groundwater are depicted in Figure E-1 . 

The data from the split sampling program show reasonable agreement between DOE and OEPA results for 

groundwater. The variability observed for results are likely due to laboratory variability, actual sampling 

date differences, and sampling methodology differences. Additionally, it should be noted that October 

results from Well 2060 (12) were not in as close agreement as other split sample results. Future split 

sample results from this location will continue to be reviewed to determine if the variability needs to be 

addressed. The differences in DOE and OEPA sample results presented for 2002 do not impact 

compliance with federal or state regulations. 

IEMP-ANM2002\APPENDUP-EUPP-E.DOCWq 20.2003 9 3  I A M  E- 1 
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FCP-SER-O2-FIN AL 

2002 FCP DOE-OEPA SPLIT SAMPLING COMPARISON 

-ADpendix E, Revision-0 - - -- - - _ -  

a May 2003 

Media Sample Location Sample Date Constituent DOE Result OEPA Result FRL 
Groundwatera 

2060 (12) 

2060 (12) 

2060 (12) 

2060 (1 2) 

13 

13 
13 

13 
14 

14 

14 

14 

January 

April 

J d Y  

January 

October 

April 

July 

October 

JiUlUary 

April 

July 

October 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

Total Uranium 

(Pgn) 
85.7 

69.6 

81.2 

89.8 

12.gb 
19.1 

17.9 
12.5 

2.38 

2.77 

2.44b 

1.93 

( P g n )  
74.3 

70.9 

74.5 

144 
13.4b 

20.2 

19.6 

20.3 
2.33 

2.94 

2.54b 

2.38 

(Pgn) 
30 

30 

30 

30 

30 

30 
30 
30 

30 

30 

30 

30 

aRefer to Figure E-1 for groundwater sample locations (splits). 
bSample was filtered due to high turbidity. 

E-2 
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LEGEND: 
- - - - -  FERNALD S I T E  BOUNDARY SCALE 

* SAMPLE LOCATION - _ _  -~ 
1200 600 0 1200 FEE1 

1 

FIGURE E - I .  2002 OEPA AND FERNALD S I T E  000709 
S P L I T  GROUNDWATER SAMPLE LOCATIONS 




