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AMSL
DOE
EPA
FEMP
FRL

gpd

gpm
IEMP
Ibs/M gal
mg/L
mgpd
pmhos/cm
OEPA
PRRS

ng/L

LIST OF ACRONYMS

above mean sea level

U.S. Department of Energy

U.S. Environmental Protection Agency
Fernald Environmental Management Project
final remediation level

gallons per day

gallons per minute

Integrated Environmental Monitoring Plan
pounds per million gallons

milligrams per liter

millions of gallons per day

micromhos per centimeter

Ohio Environmental Protection Agency
Paddys Run Road Site

micrograms per liter
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APPENDIX A 1
2
Appendix A presents additional groundwater data and analysis in support of Chapter 3 of this 1998 3

Integrated Site Environmental Report. This appendix consists of six attachments as follows: 4

. Attachment A.1 provides operational data for the Re-Injection Demonstration Module, s
the South Field (Phase I) Extraction Module, and the South Plume/South Plume 7
Optimization Module for 1998. The attachment evaluates system performance with 8
respect to the two-part objective to prevent further southward movement of the total 9
uranium plume without adverse impact to the Paddys Run Road Site (PRRS) plumes. 10

11

o Attachment A.2 provides total uranium data and plume maps for all four quarters of ‘o
1998 with statistical trend results. The summary statistics and Mann-Kendall test for 13
trend are based on unfiltered samples from the Operable Unit 5 remedial 14
investigation/feasibility study data set (1988 through 1993) and 1994 through 1998 15
groundwater data, except for the new modules, whose statistics and trends are based on 16
1998 data alone. 17

18

J Attachment A.3 evaluates the capture zone of the Aquifer Restoration System by 19

‘ analyzing groundwater flow directions based on groundwater elevation data and 20
well-specific flow direction data. It includes groundwater elevation maps from all four 2

quarters of 1998 and borescope and hydrograph analyses of specific wells around the 2

South Plume/South Plume Optimization and the South Field (Phase I) Extraction 23

Modules. %

©25

. Attachment A.4 provides an analysis of the 1998 non-uranium FRL exceedances both 26
inside and outside of the 10-year, uranium-based restoration footprint. 7

28

) Attachment A.5 provides detailed data from the miscellaneous, compliance-based Y
monitoring activities in 1998 (i.e., the KC-2 Warehouse Monitoring Program and the 30
Coal Pile Basin Runoff Monitoring Program). 3

32

) Attachment A.6 presents 1998 monitoring results associated with the On-Site Disposal 3

Facility Monitoring Program. , N

35
36
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ATTACHMENT A.1

In 1998 three new aquifer restoration modules began operating. The first new aquifer restoration
module to come on line in 1998 was the South Field (Phase I) Extraction Module. This module
encompasses Extraction Wells 31550, 31560, 31561, 31562, 31563, 31564, 31565, 31566, 31567,
and 32276, which encircle the southern waste unit excavations in the South Field area of the Fernald
Environmental Management Plan (FEMP) from Paddys Run to just west of the South Access Road.
The pumping capacity of the South Plume Module, previously referred to as the South Plume Removal
Action System and comprised of Extraction Wells 3924, 3925, 3926, and 3927, was optimized by the
addition of the South Plume Optimization Module, the second new aquifer restoration module to come
on line in 1998. This module contains Extraction Wells 32308 and 32309, and is located north of the
four original extraction wells and south of Willey Road. Together, these six wells are known as the
South Plume/South Plume Optimization Module. The third new aquifer restoration module to come on
line in 1998 was the Re-Injection Demonstration Module. Comprised of Re-Injection Wells 22107,
22018, 22109, 22111, and 22240, this module stretches along the southern border of the FEMP to just
north of Willey Road. Figure A.1-1 depicts these modules and identifies monitoring wells near each
module. Table A.1-1 provides a summary of gallons pumped, total uranium removed, and system
efficiency data for 1998 and for August 1993 through 1998.

South Field (Phase I) Extraction Module

The South Field (Phase I) Extraction Module came on line July 13, 1998. The module operated at
1,500 gallons per minute (gpm) in 1998 except for shutdowns for maintenance events and the
Decerhber 1998 temporary shutdown to meet the 20 micrograms per liter (ug/L) total uranium
discharge limit at the Parshall Flume. |

Extraction Well 31566 was shut off on August 7, 1998, to miﬁgate the potential for creating a
recalcitrant zone of uranium coritamination. When this well was installed, it was noted in the drilling
10gs that the aquifer material in the immediate area of the screen was much finer grained than at other
extraction well locations in the South Field (Phase I) Extraction Module. However, sediment grain
size has been observed to change abruptly in a braided stream deposit such as the Great Miami

Aquifer. Unless the extent of the fine-grained material in the a{quifer is known, it is very difficult to

predict how much it will effect pumping. Based on the information gained from an area-specific. ..,

00012
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pumping test and what was known about the general prolific nature of the wells completed in the Great
Miami Aquifer, the decision was made to install Extraction Well 31566 in the finer grained sediment
rather than re-drilling in an attempt to complete it in a coarser grained section of the aquifer. During
system operation testing, drawdown inside of the well was observed to be close to the downhole pump.
During the first three weeks of operation, pumping rates for the well decreased from the initial set
point of 200 to 150 gpm to maintain adequate submergence of the downhole equipment. After three
weeks of operation, resulting in the extraction of over five million gallons of water, the pumping water
level in the well was not improving, indicating that the fine-grained sediments were more extensive
than anticipated. It was hoped that the extent of the tight sediment would have been such that a
preferential pathway would establish itself and sufficiently high water levels could be maintained in
order to sustain the design pumping rate. However, this did not occur. Furthermore, it became a
concern that continued pumping would draw uranium contamination into an extensive low porosity

“"clean zone", thereby potentially creating a future "recalcitrant zone".

To compensate for the shut down of this well, and to increase module efficiency, the pumping rate was
increased from 100 to 200 gpm at Extraction Well 31562 and from 200 to 300 gpm at Extraction

Well 32276. Both of these wells are in areas of relatively high total uranium concentrations as shown
in Figure A.2-5. The U.S. Environmental Protection Agency (EPA) and the Ohio Environmental
Protection Agency (OEPA) were informed of these changes through the weekly site status conference
calls.

During the six months of 1998 when the module was operational, 353.7 million gallons of groundwater
were pumped by the 10 wells in the South Field (Phase I) Extraction Module.

Tables A.1-2 through A.1-11 provide individual extraction well performance data for the South Field
(Phase I) Extraction Module. The footnotes explain individual extraction well or system outages of

greater than 24 hours.

South Plume/South Plume Optimization Module
The South Plume Module operated in the four-well, 1,500 gpm target pumping configuration from

January to August 9, 1998. The South Plume Optimization Module began pumping on

O??%%?t :1§998, and operated in the two-well, 500 gpm target pumping configuration so that the
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combined flow from the six-well South Plume/South Plume Optimization Module increased to
2,000 gpm. A short-term change in pumping rates was made after start-up to increase the South
Plume/South Plume Optimization Module efficiency and to determine if the maximum extent of the
eastern edge of the capture zone imposed by the six extraction wells remained sufficient under the

revised pumping scenario.

During 1998, 772.4 million gallons of groundwater were pumped by the six wells in the South
Plume/South Plume Optimization Module (672.9 million gallons were pumped from the four wells in
the South Plume Module) and 185.2 pounds of total uranium were removed from the Great Miami
Aquifer. The South Plume Module continued to meet the primary objective of preventing further
southward movement of the total uranium plume and, in the process, the main lobe of the South Plume
was within the capture zone imposed by the system. The primary objective for the South Plume
Optimization wells is accelerated cleanup of the off-property plume as the South Plume Optimization
wells are located in the area of the off-property plume with the highest total uranium concentrations.

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

-Tables A.1-12 through A.1-17 provide individual extraction well performance data for the South
Plume/South Plume Optimization Module. Table A.1-1 provides a summary of gallons pumped, total
uranium removed, and system efficiency data for 1998 and for August 1993 through 1998. The

footnotes explain individual extraction well or system outages of greater than 24 hours.

In 1998, as in previous years, PRRS constituents of concern (arsenic, phosphorus, potassium, sodium,
and volatile organic compounds) were monitored at 12 monitoring well locations immediately south of
the South Plume Extraction Module to ensure that the operation of the system does not adversely
impact the PRRS plume.' The 12 wells monitored are 2128, 2548, 2625, 2636, 2898, 2899, 2900,
3128, 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 since the South Plume Extraction Module began operating in 1993. The
Mann-Kendall test evaluates trends in the data by examining time-ordered data pairs then assigning a

value of -1, 0, or 1 for decreases in concentrations, no change in concentrations, or increases in

‘.
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concentrations, respectively. The assigned values are summed for all time pairs to determine if any

trend is present in the data and if so, whether the trend is up or down.

The significance of the up or down trend is evaluated by considering the probability of such an
arrangement of data points occurring by random chance. A probability of 0.05 or less that the
time-ordered data pairs could have occurred by chance is designated as a significant trend (up or
down). A probability greater than 0.05 but less than or equal to 0.10 is designated as a marginal
trend. A data set with a probability greater than 0.10 is designated as showing no trend.

As indicated in Table A.1-18, two wells monitored for PRRS constituents of concern had
Up, Significant trends based on the Mann-Kendall test for trend:

o Monitoring Well 2625 had an Up, Significant trend for potassium with a concentration
increasing from 4.46 milligrams per liter (mg/L) in the second quarter to 5.88 mg/L in
the third quarter, as shown in Figure A.1-18. The well was not sampled in the fourth
quarter because it was dry. Even so, this result remains less than the maximum
historical potassium concentration observed at Monitoring Well 2625, which was 6.26
mg/L in the second quarter of 1996.

o An Up, Significant trend for arsenic in Monitoring Well 2548 (refer to Figure A.1-19)
should have been reported in the 1997 Integrated Site Environmental Report
(DOE 1998a). This well was not sampled in 1997 or 1998 because of access
problems. Last year, non-validated data were inadvertently omitted from the data set
upon which the Mann-Kendall test was performed. In 1998 non-validated data were
restored to the data set; therefore, a trend was calculable. The average arsenic
concentration of 0.027 mg/L at this well is almost half the groundwater final
remediation level (FRL) of 0.050 mg/L. Due to unsurmountable access restrictions,
this well has been dropped from the 1999 PRRS sampling program and will not be
included in the 1999 Integrated Site Environmental Report. However, Monitoring
Wells 2128 and 2900, located north of Monitoring Well 2548 (refer to Figure A.1-1),
had Down, Significant trends for 1998, indicating that arsenic-contaminated
groundwater is not migrating north. Therefore, with the continued monitoring of
Monitoring Wells 2128 and 2900, the loss of access to Monitoring Well 2548 should

" not adversely affect the reliability of the monitoring network in the area between

Extraction Wells 3924, 3925, 3926, 3927 and the PRRS plume program.

Although the monitoring activity for PRRS constituents of concern also included volatile organic
compounds, no volatile organic compounds were detected in 1998.

0cCco1s
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Re-Injection Demonstration Module
The Re-Injection Demonstration Module came on line September 2, 1998. The module operated in the

five-well, 1,000 gpm design configuration in 1998 except for shutdowns for maintenance events and
the December 1998 temporary shutdown to meet the 20 pg/L total uranium discharge limit at the
Parshall Flume (PF 4001). The EPA and OEPA were notified of the December 1998 shutdown event.

During 1998, 150.9 million gallons of groundwater were re-injected back into the aquifer. An
assessment of the module’s effect on aquifer restoration will occur at the end of this re-injection

demonstration project.

Tables A.1-19 through A.1-23 contain individual re-injection well performance data for the
Re-Injection Demonstration Module. Table A.1-1 provides a summary of gallons pumped for 1998.

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

Total Uranium Data

The total uranium concentration data for each South Plume/South Plﬁme Optimization or South Field
(Phase I) Extraction Module extractidn well since start-up through the end of 1998 are shown in
Figures A.1-2 through A.1-17.

Since daily pumping rate data for each extraction well were presented in IEMP quarterly status reports
for each quarter of 1998, those plots have not been repeated here.

~ Operating highlights for 1998 included:

o Construction was completed in the first quarter of 1998 on the expansion of the
advanced wastewater treatment facility, adding 1,800 gpm of capacity dedicated to
groundwater treatment. The facility began treating groundwater in April 1998 in
accordance with the schedule established in the Remedial Action Work Plan for
Aquifer Restoration at Operable Unit 5 (DOE 1997¢). The 1998 monthly groundwater
pumping rates versus treatment rates on Figure A.1-20 graphically depict the increase
in available groundwater treatment capacity provided by the advanced wastewater
treatment expansion facility.

6CCo1s
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. Significant system outages of the South Plume Module were experienced during the 1
second quarter of 1998 due to construction activities associated with the pipeline 2
distribution system for the South Plume Optimization and South Field (Phase I) 3
Extraction Modules. The South Plume Module was taken out of service for tie-ins and 4
while pressure testing was being conducted on the combined South Plume/South Plume 5
Optimization and South Field (Phase I) Extraction Module pipelines and the South 6
Plume bypass/treatment headers. 7
8
o The South Field (Phase 1) Extraction Module began operating ahead of schedule on 9
July 13, 1998. All 10 extraction wells in the system were operating at the pumping 10
rates specified in the Baseline Remedial Strategy Report, Remedial Design for Aquifer 1
Restoration (Task 1) (DOE 1997a). The module target pumping rate at start-up from 12
the combined 10 pumping wells was 1,500 gpm. 13
L R 14
. The South Plume Optimization Module began operating ahead of schedule on 15
August 9, 1998. The two optimization wells were operating at the pumping rates 16
_ specified in the Baseline Remedial Strategy Report. The combined South Plume/South 17
Plume Optimization Module target pumping rate is 2,000 gpm (1,500 gpm from the 18
existing four extraction wells comprising the South Plume Module and 500 gpm from 19
the two extraction wells comprising the South Plume Optimization Module). 20
. The Re-Injection Demonstration Module began operating ahead of schedule on ,
September 2, 1998. The five re-injection wells were operating at the re-injection rates
specified in the Baseline Remedial Strategy Report. The target re-injection rate for this %
module is 1,000 gpm. 25
26
As shown in Table A.1-24, different pumping rates are applied at various times during the year as 7
precipitation decreases, resulting in additional treatment capacity becoming available for groundwater. 28
As additional operational experience is gained with these three active restoration modules, additional 29
pumping rate chanées are anticipated, to maximize the efficiency of each module. These rate changes %
- will be made within the constraints imposed by the FEMP’s 20 ug/L uranium discharge limit to the Y
Great Miami River. During dry seasons when more treatment capacity is available and/or during the 32
latter portions of months where the 20 pg/L total uranium limit is not in danger of being exceeded, 3
pumping rates for extraction wells in areas of high total uranium concentrations may be increased e
(refer to Table A.1-24). When storm events require that treatment capacity be diverted to treating 35
surface water runoff, well pumping rates may be reduced to meet the 20 pg/L total uranium discharge 3
limit to the Great Miami River. Pumping rate changes will be documented in future IEMP quarterly n !
‘status reports. : 38 |
ococ1”?
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TABLE A.1-1

AQUIFER RESTORATION SYSTEM
OPERATIONAL SUMMARY SHEET
(JANUARY 1 THROUGH DECEMBER 31, 1998)

Gallons Total Uranium
Gallons Total Uranium Average System ~ Pumped/Re-Injected ~ Removed/Re-Injected  System Efficiency
Pumped/Re-Injected Removed/Re-Injected  Efficiency this from August 1993 to from August 1993 to  from August 1993 to

this Reporting Period this Reporting Period” Reporting Period” December 1998 December 1998* December 1998"

M gal) (lbs) (1bs/M gal) M gal) (ibs) (1bs/M gal)
South Field (Phase 1)
Bxtraction Module 353.7 239.7 0.68 353.8 239.7 NA
South Plume/South Plume 770.8 185.2 0.24 3,583.334 574.61 0.16
Optimization Module
Re-Injection
Demonstration Module 150.9 NA NA 150.891 NA NA
Aquifer Restoration
System Totals 1,126.1 424.9 0.38 3,937.0 814.34 0.21
(pumped)
(re-injected) 150.9 NA NA 150.9 NA NA
(net) 975.2 424.9 NA 3,786.1 814.34 NA

*NA = not applicable
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TABLE A.1-2

EXTRACTION WELL 31550
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet AMSL) - 572.1 (top of well)
Northing Coordinate ('83) - 477,018.5
Easting Coordinate ('83) - 1,348,980

Hours in reporting period - 4,161 Hours pumped - 4,027

Hours not pumped - 134 Operational percent - 96.8

FEMP-ISER-98-FINAL
Appendix A, Att. A.1, Revision 0
May 28, 1599

Target pumping rate - 100 gpm

Monthly Measurements at Wellfield

Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ng/L) (Ibs/M gal)
1/98" NA NA NA NA
2/98° NA NA NA NA
3/98° NA NA NA NA
4/98° NA NA NA NA
5/98* NA NA NA NA
6/98" NA NA NA NA
7/98° 94 2.8 106.1 0.88
8/98" 89 4.0 91.0 0.76
9/98 101 4.4 85.5 0.71
10/98° 92 4.1 87.6 0.73
11/98° 133 5.8 79.9 0.67
12/98 124 3.5 163 _0.64

Average 106 Total 26.6 Average  81.7 Average 0.73

*Extraction well did not become operational until July 13, 1998.

xtraction well was out of service for three days due to a storm related electrical outage.
“Extraction well was out of service for two days due to a scheduled power outage.

9Extraction well was out of service for four days due to chlorination.

00C0o19
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TABLE A.1-3 2 2 b? 2
EXTRACTION WELL 31560
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 574.93 (top of well)
Northing Coordinate ('83) - 477,403.1
Easting Coordinate ('83) - 1,349,029
Hours in reporting period - 4,144 Hours pumped - 4,081 Target pumping rate - 100 gpm
Hours not pumped - 63 Operational peicent - 98.5
, Monthly Measurements at Wellfield
Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ug/L) (1bs/M gal)
1/98* NA NA NA NA
2/98* NA NA NA NA
3/98" NA NA NA NA
4/98° NA NA NA NA
5/98* NA NA NA NA
6/98" NA NA NA NA
7/98* 94 , 2.7 165.3 1.38
8/98" 89 4.0 144.0 1.20
9/98 101 4.4 146.9 ' 1.23
10/98° 94 ‘ 4.2 146.4 1.22
11/98* 152 . 6.5 138.2 1.15
12/98 118 52 138.2 1.15

Average 108 Total 27.0 Average 147 Average 1.22

*Extraction well did not become operational until July 13, 1998.

xtraction well was out of service for three days due to a storm related electrical outage.
°Extraction well was out of service for two days due to a scheduled power outage.
%Extraction well was out of service for two days due to chlorination.
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TABLE A.1-4

EXTRACTION WELL 31561
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL] - 578.77 (top of well)
Northing Coordinate ('83) - 477,660.8
Easting Coordinate ('83) - 1,349,255

Hours in reporting period - 4,161 Hours pumped - 4,070 Target pumping rate - 100 gpm
Hours not pumped - 91 Operational percent - 97.8

Monthly Measurements at Wellfield

Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ng/L) (bs/M gal)
1/98° NA NA NA NA
2/98° NA : NA NA NA
3/98° NA NA NA NA
4/98° NA NA NA NA
5/98° ~ NA NA NA - NA ‘
6/98" NA NA ~ NA NA
7/98* 99 2.9 53.4 0.45
8/98° 90 4.0 62.9 0.52
9/98 101 4.4 50.5 0.42
10/98° - 94 4.2 50.3 0.42
11/98 101 4.4 45.9 0.38
12/98 98 _ —44 469 0.39

Average 97 ~ Total 24.3 Average 51.7 Average 0.43

*Extraction well did not become operational until July 13, 1998.
bExtraction well was out of service for three days due to a storm related electrical outage.
“Extraction well was out of service for two days due to a scheduled power outage.
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TABLE A.1-5 et 9292
EXTRACTION WELL 31562
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 576.21 (top of well)
Northing Coordinate ('83) - 477,953.1
Easting Coordinate ('83) - 1,349,500
Hours in reporting period - 4,161 Hours pumped - 4,082 Target pumping rate - 200 gpm
Hours not pumped - 79 Operational percent - 98.1
Monthly Measurements at Wellfield
Monthly Average ' Monthly Uranium
Pumping Rate Million Gallons . Concentration Well Efficiency
Month (gpm) Pumped (png/L) (Ibs/M gal)
1/98* NA NA NA NA
2/98" NA NA NA NA
3/98° NA NA ' NA ' NA
4/98" NA NA , NA NA
5/98* NA NA NA NA
6/98" NA NA NA NA
7/98° 9 2.7 141.6 1.18
8/98" 156 7.0 104.3 0.87
9/98 200 8.7 115.0 -0.96
10/98° 187 8.3 114.1 0.95
11/98 209 9.1 113.7 0.95
12/98 194 8.7 ' 116.4 0.97
Average 173 . Total  44.5 Average 117.5 Average 0.98
*Extraction well did not become operational until July 13, 1998.
xtraction well was out of service for three days due to a storm related electrical outage.
°Extraction well was out of service for two days due to a scheduled power outage.
“ '.:‘- . .‘,44,..‘ e
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TABLE A.1-6

EXTRACTION WELL 31563
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL] - 544.36 (top of well)
Northing Coordinate ('83) - 477,066.4 .
Easting Coordinate ('83) - 1,348,330

Hours in reporting period - 4,160 Hours pumped - 3,563 Target pumping rate - 200 gpm
Hours not pumped - 597 Operational percent - 85.6

Monthly Measurements at Wellfield

Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ng/L) (Ibs/M gal)
1/98* NA NA NA NA
2/98° NA NA NA NA
3/98* NA - NA 4 NA NA
4/98* NA ' NA NA NA
5/98° NA NA NA NA
6/98° NA NA NA NA
7/98° 185 5.4 34.5 0.29
8/98 198 8.9 52.7 0.44
9/98 196 8.5 53.6 0.48
10/98° 181 8.1 49.3 0.41
11/98° 88 3.9 40.3 ' 0.34
12/98° 162 12 -40.0 -0.33_

Average 168 Total 42.0 Average 45.1 Average 0.38

"Extraction well did not become operational until July 13, 1998.

PExtraction well was out of service for two days due to a scheduled power outage.

“Extraction well was out of service for 22 days due to an outage necessitated by the replacement of a logic board
in the variable speed drive.
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TABLE A.1-7 2 2 rzr 2
EXTRACTION WELL 31564 ) ‘
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 538.65 (top of well)
Northing Coordinate ('83) - 477,124.7
Easting Coordinate ('83) - 1,347,880
Hours in reporting period - 4,160 Hours pumped - 4,010 Target pumping rate - 200 gpm
Hours not pumped - 150 Operational percent - 96.4
Monthly Measurements at Wellfield
Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (zg/L) (Ibs/M gal)
1/98° NA NA NA ' NA
2/98" NA NA NA NA
3/98* . NA NA NA ' NA
498" NA NA NA ' NA
5/98° NA NA NA NA
6/98" NA NA NA NA
7/98" , 186 5.4 14.2 0.12
8/98 198 8.9 : 12.8 0.11
9/98 200 8.7 10.4 0.09
10/98° 187 8.3 13.8 0.12
11/98° 133 5.8 12.3 0.10
12/98 } 181 8.1 15.0 0.13

Average 181 Total  45.2 Average 13.1 Average 0.11
*Extraction well did not become operational until July 13, 1998.
PExtraction well was out of service for two days due to a scheduled power outage.
°Extraction well was out of service for three days due to chlorination.
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TABLE A.1-8
EXTRACTION WELL 31565
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 540.72 (top of well)
Northing Coordinate ('83) - 477,648
Easting Coordinate ('83) - 1,347,603
Hours in reporting period - 4, 160 Hours pumped - 4,057 Target pumping rate - 200 gpm
Hours not pumped - 103 Operational percent - 97.5
Monthly Measurements at Wellfield
Monthly Average ' Moﬁthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency
Month (gpm) Pumped (ng/L) (lbs/M gal)
1/98° NA NA NA NA
2/98° NA NA NA NA
3/98° NA NA NA NA
4/98* NA NA NA NA
5/98* NA NA NA NA
6/98° NA NA NA NA
7/98* 187 5.5 12.0 0.10
8/98 198 8.9 9.6 0.08
9/98 201 8.7 7.9 0.07
10/98° 182 8.1 12.4 0.10
11/98 139 6.0 12.9 0.11
12/98 182 8.1 ‘ 14.8 0.12
Average 182 Total 45.3 Average 11.6 Average 0.10

*Extraction well did not become operational until July 13, 1998.
PExtraction well was out of service for two days due to a scheduled power outage.

000025
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TABLE A.1-9 . 2272
EXTRACTION WELL 31566
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 575.16 (top of well)
Northing Coordinate ('83) - 477,576.1
Easting Coordinate ('83) - 1,348,361
Hours in reporting period - 1,938 " Hours pumped - 1,938 Target pumping rate - 200 gpm
Hours not pumped - 0 Operational percent - 100.0
Monthly Measurements at Wellfield
Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (g/L) (Ibs/M gal)
1/98* NA : NA NA NA
2/98* NA NA NA NA
3/98" NA NA NA - NA
4/98° NA NA NA NA
5/98° NA . NA NA ‘ NA
6/98" NA NA NA NA
7/98° 162 47 5.4 0.05
8/98" 29 1.3 4.7 0.04
9/98° NA NA 4.8 NA
10/98° NA NA 6.6 NA
11/98° NA NA 26.5° NA
12/98> NA _NA 209 _NA_

Average 96 Total 6.0 Average 1.5 Average 0.05

*Extraction well did not become operational until July 13, 1998.

PExtraction well was shut off on August 7, 1998 due to low total uranium recovery efficiency, excessive
drawdown at the target pumping rate, and concerns regaxdmg the creation of a recalcitrant zone.
°Extraction well is sampled Weekly to track total uranium concentrations.

“The unusually high total uranium concentrations are being investigated.

FEREMP-ANN\APP-A\ATTACHIWSATT-A1. WPD\May 27, 1999 9:59am A- 1 = 1 5




FEMP-ISER-98-FINAL
Appendix A, Att. A.1, Revision 0
May 28, 1999
TABLE A.1-10

EXTRACTION WELL 31567
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL] - 574.84 (top of well)
Northing Coordinate ('83) - 477,905.5
Easting Coordinate ('83) - 1,348,854

Hours in reporting period - 4,160 Hours pumped - 4,078 Target pumping rate - 100 gpm
Hours not pumped - 82 Operational percent - 98.0

Monthly Measurements at Wellfield

Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (g/l) (bs/M gal)
1/98* NA NA NA NA
2/98" NA NA NA NA
3/98° NA NA NA NA
4/98" NA NA NA : NA
5/98* NA NA NA NA ‘
6/98" NA NA NA NA
7/98* 93 2.7 63.4 0.53
8/98 100 4.5 41.0 0.34
9/98 101 4.3 34.8 0.29
10/98" 94 4.2 35.1 T 0.29
11/98 97 4.2 36.9 0.31
12/98 100 4.5 372 _0.31

Average 98 Total 24.4 Average 414 Average 0.35

*Extraction well did not become operational until July 13, 1998.
bExtraction well was out of service for two days due to a scheduled power outage.
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TABLE A.1-11 2 2 ? 2
EXTRACTION WELL 32276 ‘
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 567.143 (top of well)
Northing Coordinate ('83) - 476,447.3
Easting Coordinate ('83) - 1,348,857
Hours in reporting period - 4,160 Hours pumped - 4,086 Target pumping rate - 300 gpm
Hours not pumped - 74 Operational percent - 98.2
Monthly Measurements at Wellfield
Monthly- Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency
Month (gpm) Pumped (ug/L) - (Ibs/M gal)
1/98* ‘ NA NA NA NA
2/98* NA NA NA NA
3/98° NA NA NA NA
4/98 ‘NA 'NA NA NA
5/98* ' NA NA NA ~ NA
6/98" NA NA NA NA
7/98* 187 ' 5.5 268.2 2.24
8/98 ' 279 12.5 230.0 1.92
9/98 294 12.7 206.5 ' 1.72
10/98° 275 12.3 205.8 1.72
11/98 293 12.7 195.1 ’ 1.63
12/98 300 13.4 194.6 : 1.62
' Average 271 Total 69.1 Average 216.7 Average 1.81
*Extraction well did not become operational until July 13, 1998.
PExtraction well was out of service for two days due to a scheduled power outage.
¢
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TABLE A.1-12

EXTRACTION WELL 3924
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL]) - 533.51 (top of well)
Northing Coordinate ('83) - 474,219.7
Easting Coordinate ('83) - 1,348,314.26

Hours in reporting period - 8,757 Hours pumped - 7,454 Target pumping rate - 300 gpm
Hours not pumped - 1,303 Operational percent - 85.1

Monthly Measurements at Wellfield

Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ug/L) (1bs/M gal)
1/98 297 13.3 46.0 0.38
2/98 294 11.8 46.3 0.39
3/98 290 12.9 50.6 0.42
4/98* 127 5.5 40.4 0.34
5/98*bc 156 7.0 36.5 030
6/98*° 196 8.5 34.8 0.29
7/98° 238 10.6 41.7 0.35
8/98 287 12.8 36.2 0.30
9/98 282 : 12.2 33.6 0.28
10/98° 273 12.1 37.4 0.31
11/98 299 12.9 41.2 0.34
12/98 291 13.0_ 462 039

Average 253 - Total 132.6 Average 40.9 Average 0.34

*Extraction well was out of service for 17 days in April; eight days in May; and three days in June due to
construction and connection activities on the pipeline distribution system for the South Plume Optimization and
South Field Extraction (Phase 1) Modules. '

“Extraction well was out of service for two days in May and five days in June due to a malfunctioning flow
controller and a flow indicator/transmitter.

°Extraction well was out of service for three days due to a storm related electrical outage.

YExtraction well was out of service for two days due to an electrical malfunction.

“Extraction well was out of service for two days for installation of lightning arrestors.

fExtraction well was out of service for two days due to a scheduled power outage.

~ .
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TABLE A.1-13

2272

EXTRACTION WELL 3925
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet AMSL) - 542.01 (top of well)
Northing Coordinate ('83) - 474,319.65
Easting Coordinate ('83) - 1,348,565.4

Hours in reporting period - 8,757 Hours pumped - 7,649 Target pumping rate - 300 gpm

Hours not pumped - 1,108 Operational percent - 87.3
Monthly Measurements at Wellfield
Monthly Average " Monthly Uranium
Pumping Rate Concentration Well Efficiency
Month (gpm) Million Gallons Pumped (ug/L) (Ibs/M gal)
1/98 288 12.9 31.7 0.26
2/98 297 ' 11.9 24.5 0.20
- 3/98 291 13.0 31.7 0.26
4/98" 130 56 32.6 , - 0.27
. 5/98" 193 8.6 30.3 0.25
6/98 242 10.4 33.1 0.28
7/98 256 11.4 35.9 0.30
8/98 260 11.6 31.1 0.26
9/98 299 12.9 314 0.26
A 10/98° 285 12.7 , 34.3 0.29
11/98 299 12.9 33.6 0.28
12/98° 21 ' 2.1 353 029
Average 259 Total 136.0 Average 32.1 Average 0.27

*Extraction well was out of service for 17 days in April; eight days in May; and three days in June due to
construction and connection activities on the pipeline distribution system for the South Plume Optimization and
South Field Extraction (Phase 1) Modules.

"Extractiqn well was out of service for three days in May due to a storm related electrical outage.

°Extraction well was out of service for two days due to a scheduled power outage.

%Extraction well was out of service for three days due to chlorination.
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TABLE A.1-14
EXTRACTION WELL 3926
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet AMSL) - 586.73 (top of well)
Northing Coordinate ('83) - 474,428.56
Easting Coordinate ('83) - 1,348,837.52
Hours in reporting period - 8,757 Hours pumped - 7,671 Target pumping rate - 400 gpm
Hours not pumped - 1,086 Operational percent - 87.6
Monthly Measurements at Wellfield
' Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ug/L) (Ibs/M gal)
1/98 402 18.0 13.9 0.12
2/98 369 14.8 ' 15.2 0.13
3/98 382 17.0 17.0 0.14
4/98* 175 7.6 16.1 0.13
5/98>" 260 11.6 14.8 . 0.12
6/98>¢ 319 13.8 16.3 0.14
7/98 376 16.8 17.7 0.15
8/98¢ 361 16.1 13.0 0.11
9/98 381 16.5 12.5 0.10
10/98° 372 16.6 15.8 0.13
11/98 343 14.8 15.0 0.13
12/98 _367_ 164 176 015

Average 342 Total 180.0 Average 154 Average 0.13

*Extraction well was out of service for 17 days in April; eight days in May; and three days in June due to
construction and connection activities on the pipeline distribution system for the South Plume Optimization and
- South Field Extraction (Phase 1) Modules.

YExtraction well was out of service for two days due to a storm related electrical outage.

“Extraction well was out of service for two days due to a pressure indicator/transmitter malfunction.

g xtraction well was out of service for two days due to chlorination and installation of new control valves. -
“Extraction well was out of service for two days due to a scheduled power outage.
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TABLE A.1-15 2272
EXTRACTION WELL 3927
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet AMSL) - 591.84 (top of well)
Northing Coordinate ('83) - 474,541.83
Easting Coordinate (‘83) - 1,349,127.27
Hours in reporting period - 8,757 Hours pumped - 7,621 Target pumping rate - 500 gpm
Hours not pumped - 1,136 Operational percent - 87.0
Monthly Measurements at Wellfield
Monthly Average Monthly Uranium
Pumping Rate : Concentration ‘Well Efficiency
Month (gpm) Million Gallons Pumped - (ug/L) (Ibs/M gal)
1/98 505 22.6 1.3 0.01
2/98 - 460 18.5 1.5 0.01
3/98 474 21.2 1.1 0.01
4/98* 214 9.2 0.8 0.01
5/98%P 327 14.6 1.2 0.01
6/98" 425 18.4 1.3 0.01
7/98 468 20.9 1.2 0.01
8/98 ‘ 490 21.9 1.2 0.01
9/98° 410 17.7 1.4 0.01
10/98° 456 20.3 1.1 - 0.01
11/98 438 18.9 1.2 0.01
12/98° 447 199 1.0 -0.01

Average 426 Total 224.1 Average 1.2 Average 0.01

"Extraction well was out of service for 17 days in April; eight days in May; and three days in June due to
construction and connection activities on the pipeline distribution system for the South Plume Optimization and
South Field Extraction (Phase 1) Modules.

®Extraction well was out of service for three days due to a storm related electrical outage.

°Extraction well was out of service for four days due to replacement of a process control station..

3Extraction well was out of service for two days due to a scheduled power outage.

®Extraction well was out of service for two days due to chlorination.
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TABLE A.1-16
EXTRACTION WELL 32308
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet AMSL) - 582.05 (top of casing)
Northing Coordinate ('83) - 475,078.83
Easting Coordinate ('83) - 1,348,693.88
Hours in reporting period - 3,465 Hours pumped - 3,363 Target pumping rate - 250 gpm
Hours not pumped - 102 Operational percent - 97.1
Monthly Measurements at Wellfield
Monthly Average Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ug/l) (Ibs/M gal)
1/98° NA NA NA NA
2/98* NA NA NA NA
3/98" NA NA NA NA
4/98" NA NA NA NA
5/98° NA NA NA NA
6/98° NA NA NA NA
7/98° NA NA NA NA
8/98" 183 8.2 84.2 0.70
9/98 251 10.8 72.3 0.60
10/98" 236 10.5 73.4 0.61
11/98 307 13.3 71.2 0.59
12/98° 159 7.1 154 _0.63

Average 227 Total 49.9 Average 75.3 Average 0.63

"Extraction well did not become operational until August 9, 1998.

xtraction well was out of service for two days due to a scheduled power outage.
“Extraction well was out of service for nine days due to an effort to mitigate the high total uranium concentration
from the Storm Water Retention Basin bypass event.
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TABLE A.1-17 .
EXTRACTION WELL 32309 2 2 ? 2
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet AMSL) - 581.73 (top of casing)
Northing Coordinate (‘83) - 475,109.60
Easting Coordinate ('83) - 1,348,366.34
Hours in reporting period - 3,465 Hours pumped - 3,366 Target pumping rate - 250 gpm
Hours not pumped - 99 Operational percent - 97.1
Monthly Measurements at Wellfield
Monthly Average ’ Monthly Uranium
Pumping Rate Million Gallons Concentration Well Efficiency

Month (gpm) Pumped (ng/L) (Ibs/M gal)
1/98* NA NA NA NA
2/98° . NA ' NA NA NA
3/98" NA NA NA NA
4/98* NA NA NA NA
5/98* NA NA NA NA
6/98" NA NA NA NA
7/98* NA NA NA NA
8/98" 1712 1.7 101.0 0.84
9/98 249 10.7 87.7 0.73
10/98° 234 10.4 90.1 0.75
11/98 307 13.3 82.2 0.69
12/98° . 169 15 794 0.66

Average 226 Total 49.6 Average 88.1 Average 0.73

*Extraction well did not become operational until August 9, 1998.
PExtraction well was out of service for two days due to a scheduled power outage.

°Extraction well was out of service for nine days due to an effort to mitigate the h1gh total uranium concentration
from the Storm Water Retention Basin bypass event.
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TABLE A.lf18
PADDYS RUN ROAD SITE GROUNDWATER SUMMARY STATISTICS
AND TREND ANALYSIS
Monitoring ~ Number of  Min.*>* Max.2bed  Aygabed Spab<d

Constituent Well Samples*** (mg/L) (mg/L) (mg/L) (mg/L) Trend><4

Arsenic 2128 207 0.0006 0.1876 0.013 0.02 Down, Significant
2548° 103 0.00065 0.35 0.027 0.040  Up, Significant
2625 197 0.0048 0.05 0.012 0.008 Down, Significant
2636 169 0.01 0.0939 0.04 0.02 Down, Significant
2898 23 0.00035 0.0063 0.0016 0.0013  No Significant Trend
2899 22 10.00035 0.003 0.0013 0.0007  No Significant Trend
2900 205 0.0007 0.0548 0.005 0.005 Down, Significant
3128 25 0.00085 0.234 0.013 0.046 No Significant Trend
3636 24 0.00075 0.014 0.0021 0.0026  No Significant Trend
3898 22 0.00095 0.0062 0.0022 0.0012  No Significant Trend
3899 23 0.00035 0.003 0.0014 0.0008  No Significant Trend
3900 23 0.00105 0.0045 0.0024 0.00098. ~ Down, Significant

Phosphorus 2128 33 0.04 . 16.2 2 3 Down, Significant
2548 12 0.0855 5.4 1.7 1.5 Down, Marginal
2625 22 0.307 12.3 3.25 3.31 No Significant Trend
2636 21 9.6 170 90 50 No Significant Trend
2898 24 0.005 1.05 0.09 0.2 No Significant Trend
2899 21 0.005 0.11 0.04 0.03 No Significant Trend
2900 22 0.07 0.96 0.5 0.27 Down, Significant
3128 . 32 0.005 13 0.5 2.3 No Significant Trend
3636 23 0.0125 1.1 0.11 0.22 No Significant Trend
3898 21 0.02 1.24 0.14 0.26 No Significant Trend
3899 22 0.025 083 . - 0.5 0.18 Down, Significant
3900 23 0.005 1.26 0.11 0.26 No Significant Trend

Potassium 2128 25 1.09 18 4.3 4.9 Down, Significant
2548 12 1.36 40 10 10 No Significant Trend
2625 22 0.64 6.26 3.4 1.7 Up, Significant
2636 21 8.51 218 80.9 57.0 Down, Significant
2898 24 .25 5.05 3.7 0.61 No Significant Trend
2899 22 1.36 4.42 3.50 0.611 No Significant Trend
2900 23 0.711 6 1.8 1.2 Down, Significant
3128 25 1.09 3.7 2.5 0.61 Down, Significant
3636 23 1.09 424 2.55 0.614  Down, Marginal
3898 22 0.61 3.93 2.3 0.69 Down, Marginal
3899 23 1.335 3.22 243 0.345 Down, Significant
3900 23 0.975 3.19 1.90 0.542 No Significant Trend
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TABLE A.1-18 2272
(Continued) -
Monitoring  Number of Mip,2bed Max.2>ed  Ayg sbed SDAbed
Constituent Well Samples®®* (mg/L) (mg/L) (mg/L) (mg/L) Trend*bc4 .
Sodium 2128 25 22.9 75.2 38.6 13.1 ‘ No Significant Trend
2548 12 18.2 35 25 5.1 No Significant Trend
2625 22 16.5 50.7 339 8.24 Down, Significant
2636 21 23 79.9 49 16 Down, Significant
2898 24 12.3 29.2 19.0 4.07 Down, Significant
2899 22 11.2 22.9 17.2 3.32 No Significant Trend
2900 23 18.1 43.3 304 8.06 No Sigpificant Trend
3128 25 3.75 13.4 7.06 3.35 Down, Significant
3636 23 4.65 13 85 2.9 Down, Significant
3898 22 7.29 14.6 8.90 1.72 No Significant Trend
3899 23 6.24 12.1 8.80 1.46 Down, Significant
3900 23 4.45 10.8 6.43 1.89 Down, Marginal
*The data are based on unfiltered samples from the Operable Unit 5 remedial investigation/feasibility study data
‘ set (1988 through 1993) and 1994 through 1998 groundwater data. However, the Mann-Kendall test for trend
was performed on data from samples taken between August 1993 and the end of 1998 in order to determine the

effect of the south plume pumping system.

®If 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 for determining the summary
statistics (minimum, maximum, average, and standard deviation [SD]) and Mann-Kendall test for trend.
‘Rejected data qualified with either a R or Z were not included in this count, the summary statistics, or Mann-
Kendall test for trend.

9For results where the concentrations are below the detection limit, the results used i in the summary statistics and
Mann-Kendall test for trend are each set at half the detection limit,

°Although the well was not sampled during 1998, the trend was updated with nonvalidated data.

‘ St T
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TABLE A.1-19.
RE-INJECTION WELL 22107
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 540.6 (top of well)
Northing Coordinate ('83) - 476,196.2
Easting Coordinate ('83) - 1,347,978.2
Hours in reporting period - 2,908 Hours re-injected - 2,289 Target re-injection rate - 200 gpm
Hours not re-injected - 619 Operational percent - 78.7
Monthly Measurements at Wellfield
Monthly Average
Re-Injection Rate

Month (gpm) Million Gallons Re-Injected
1/98* NA . NA
2/98* NA NA
3/98" NA : NA
4/98" NA NA
5/98° NA NA
6/98° NA NA
7/98* NA NA
8/98° NA NA
9/98" . 196 8.2
10/98>* 130 5.8
11/98 o 196 8.5
12/98%¢ 128 _58

Average 163 : Total 28.3

*Re-injection well did not become operational until September 2, 1998.
e-injection well was out of service for two days due to a scheduled power outage.
Re-mjecuon well was out of service for eight days due to chlorination.
Re-m;ectxon well was out of service for two days due to treatment plant maintenance.
°Re-injection well was out of service for 10 days due to an effort to mitigate the high total uranium concentrations
from the Storm Water Retention Basin bypass event.
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TABLE A.1-20 2 2 ? 2

RE-INJECTION WELL 22108
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL] - 578.555 (top of well)
Northing Coordinate ('83) - 476,255.7
Easting Coordinate ('83) - 1,348,384
Y 4
Hours in reporting period - 2,901 Hours re-injected - 2,511 Target re-injection rate - 200 gpm
Hours not re-injected - 390 Operational percent - 86.6

Monthly Measurements at Wellfield

Monthly Average

Re-Injection Rate
Month (gpm) Million Gallons Re-Injected
1/98* , ‘ - NA ' NA
2/98* . NA NA
3/98* NA NA
4/98" NA NA -~
5/98" NA ' NA *
6/98° NA . . NA
7/98* NA ' ~ NA
8/98" NA NA
9/98* : 196 8.2
10/98° : 186 8.3
11/98 197 - 8.5
12/98*¢ 127 57

Average 177 ‘ Total 30.7

*Re-injection well did not become operational until September 2, 1998.
e-injection well was out of service for two days due to a scheduled power outage.
°Re-injection well was out of service for two days due to treatment plant maintenance.
dRe-inject:ion well was out of service for nine days due to an effort to mitigate the high total uranium
concentrations from the Storm Water Retention Basin bypass event. '
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TABLE A.1-21
RE-INJECTION WELL 22109
OPERATIONAL SUMMARY SHEET FOR 1998
Reference Elevation (feet above mean sea level [AMSL] - 577.53 (top of well)
Northing Coordinate ('83) - 476,175.6
Easting Coordinate ('83) - 1,348,861
Hours in reporting period - 2,901 Hours re-injected - 2,510 Target re-injection rate - 200 gpm
Hours not re-injected - 391 Operational percent - 86.5
Monthly Measurements at Wellfield
Monthly Average
Re-Injection Rate
Month (gpm) Million Gallons Re-Injected
1/98° NA NA
_2/98a NA NA
3/98° NA NA
4/98" NA NA
5/98* NA NA
6/98" NA NA
7/98" NA NA
8/98* NA NA
9/98" 195 8.1
10/98" 186 8.3
11/98 196 8.5
12/98>4 _128 5.7
Average 176 Total 30.6

*Re-injection well did not become operational until September 2, 1998.

“Re-injection well was-out of service for two days due to a scheduled power outage.

°Re-injection well was out of service for two days due to treatment plant maintenance.

dRe-in_jection well was out of service for nine days due to an effort to mitigate the high total uranium
concentrations from the Storm Water Retention Basin bypass event.
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TABLE A.1-22 | 2 2 .? 2

RE-INJECTION WELL 22111 -
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL)] - 583.62 (top of well)
Northing Coordinate ('83) - 476,518.6
Easting Coordinate ('83) - 1,350,105

Hours in reporting period - 2,902 - Hours re-injected - 2,498 Target re-injection rate - 200 gpm
Hours not re-injected - 404 Operational percent - 86.1

Monthly Measurements at Wellfield

Monthly Average
Re-Injection Rate
Month (gpm) Million Gallons Re-Injected
1/98* NA NA
2/98° NA NA
3/98° ' NA NA
4/98° A NA NA =
5/98" NA NA
6/98" NA NA
7/98* ! NA NA
8/98" NA NA
9/98* ‘ 195 8.4
10/98" 186 8.3
11/98 197 8.5
12/98°4 126 _56
Average 176 Total 30.8

*Re-injection well did not become operational until September 2, 1998.
e-injection well was out of service for two days due to a scheduled power outage.
°Re-injection well was out of service for two days due to treatment plant maintenance.
dRe-ixy'ection well was out of service for nine days due to an effort to mitigate the high total uraniom
concentrations from the Storm Water Retention Basin bypass event.

K
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TABLE A.1-23

RE-INJECTION WELL 22240
OPERATIONAL SUMMARY SHEET FOR 1998

Reference Elevation (feet above mean sea level [AMSL] - 577.61 (top of well)
Northing Coordinate ('83) - 476,422.8
Easting Coordinate ('83) - 1,349,387

Hours in reporting period - 2,902 Hours re-injected - 2,515 Target re-injection rate - 200 gpm
Hours not re-injected - 387 Operational percent - 86.7

Monthly Measurements at Wellfield

Monthly Average

Re-Injection Rate
Month (gpm) Million Gallons Re-Injected
1/98° NA ' NA
2/98° NA NA
3/98° NA NA
4/98* NA NA
5/98" NA NA
6/98° NA NA
7/98* NA NA
8/98* NA NA
9/98* . 202 8.4
10/98° 186 8.3
11/98 197 8.5
12/98%¢ 127 57

Average 178 Total 30.9

*Re-injection well did not become operational until September 2, 1998.
e-injection well was out of service for two days due to a scheduled power outage.
°Re-injection well was out of service for two days due to treatment plant maintenance.
dRe-injection well was out of service for nine days due to an effort to mitigate the high total uranium
concentrations from the Storm Water Retention Basin bypass event.
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TABLE A.1-24 . 2 2 ? 2 :
1998 EXTRACTION WELL TARGET PUMPING RATES
Target Pumping Rates

as of August 7, 1998
Nominal Rates® Aggressive Rates®

Module Extraction Well Initial Rates™ (gpm) " (gpm)
South Plume 3924 300 300 300
3925 300 300 300

3926 400 400 300

3927 500 500 400

Sub-Total 1500 1500 1300

South Plume Optimization 32308 250 ' 250 350
32309 250 250 350

Sub-Total - 500 500 700

South Field (Phase 1) Extraction 31550 100 100 200
31560 100 100 200

31561 100 100 100

31562 100 . 200 200

31563 200 200 200

31564 200 200 100

31565 200 - 200 100

31566 200 0 0

31567 ' 100 100 100

32276 - 200 300 300

Sub-Total , 1500 1500 1500
Total Pumping 3500 3500 3500

*With the exception of the pumping rate for Extraction Well 3927, 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. Pumping rates for Extraction Well 3927 were increased from 400 to 500 gpm on November 6, 1997
‘terhmammze the extent of the eastern edge of the capture zone in this area.

e nominal pumping rates are used when significant portions of the site’s water treatment capacity is reqmred to
treat storm water. 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. These
rates were established on August 7, 1998 when Extraction Well 31566 was shut down and Extraction Wells 31562
and 32276 were increased.

“The aggressive pumping rates are used when all, or nearly all the site’s water treatment capacity is available for
treating groundwater and the average monthly uranium discharge is well below the 20 pg/L limit,

well was shut off on August 7, 1998 after operational experience demonstrated its continued operation may
have been detrimental in meeting system objectives. Pumping rates for Extraction Wells 31562 and 32276 were
increased at that time to compensate for the shut down of Extraction Well 31566. . Sl
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ATTACHMENT A.2

Tables A.2-1 and A.2-2 list the monitoring wells and extraction wells, respectively, where total
uranium concentrations exceeded the 20 ug/L FRL during 1998. Included in the table are statistical
summaries for total uranium concentrations at each well and a calculated statistical trend for the data.
Monitoring well locations are shown in Figure A.2-1 and listed in Table A.2-3 with the area
designations from the map in Figure A.2-1.

All the monitoring wells presented in Table A.2-1 with confirmed total uranium FRL exceedances

for 1998 lie within the 10-year, uranium-based restoration footprint.

Total uranium concentrations are contoured on the maps in Figures A.2-2 through A.2-5, which depict
the maximum total uranium plume for each quarter's data. Groundwater data collected with a

Geoprobe® for the re-injection demonstration were incorporated into the maps. Groundwater data were

" collected via Geoprobe® prior to start-up of the South Field (Phase I) Extraction Module and prior to

start-up of the Re-Injection Demonstration Module. Geoprobe® data collected in December 1998 and
January 1999 will be presented in the 1999 Integrated Site Environmental Report. Data from the
second and fourth quarters were used to update the waste storage area and Plant 6 area plume maps

(refer to Figures A.2-2 and A.2-5, respectively).

A comparison of the four figures shows that the interpretation of the total uranium plume in the South
Field and South Plume changed somewhat in shape and concentration in 1998. As detailed below,
groundwater data collected with the Geoprobe® have increased the accuracy of the total uranium

concentration contours.

. From the first to the second quarter of 1998, the total uranium plume interpretation
- changed in the vicinity of Extraction Wells 31565 and 31566, and Monitoring .

Well 21033. The plume configuration in the vicinity of the South Field shown in the
first quarter 1998 map (Figure A.2-2) was based on Kriged groundwater results
because the data were too sparse to achieve an accurate contour. The contours were
redrawn to more accurately reflect the known maximum total uranium concentrations
in this area. Since the second quarter of 1998, monitored uranium concentrations in
this area have not changed significantly (refer to Figure A.2-3 through A.2-5).
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. During the second quarter of 1998, our interpretation of the shape of the plume
changed and the size decreased in the area immediately south of the inactive flyash
pile. Data collected during the remedial investigation, and during the installation and
subsequent operation of the South Field (Phase I) extraction wells indicated a narrow
east-west trending zone located just south of the inactive flyash pile area where total
uranium concentrations were below 20 pg/L.

° The concentration of the plume increased just south of Monitoring Well 3069 (along
Willey Road) based on data collected via Geoprobe® at location 12370 as part of the
Re-Injection Demonstration, which revealed a total uranium concentration of 131 pg/L.
In addition, during April 1998, Integrated Environmental Monitoring Plan (IEMP)
monitoring data collected at Extraction Wells 3925 and 3926 indicated total uranium
concentrations of 84 and 39 pg/L, respectively. These concentrations are considered
to be inaccurate when compared with concurrent operational data collected from the
same two wells in April and reported in the Integrated Environmental Monitoring
Status Report for Second Quarter 1998 (DOE 1998b). Operational sampling of these
same two wells in April showed total uranium concentrations of 32.6 and 16.1 pg/L,
respectively. The suspect IEMP April data from these two extraction wells are posted
on the map, but the contours have not been adjusted at these two well locations (refer
to Figure A.2-3).

During the second quarter of 1998, additional uranjum profile data were collected using a Geoprobe®
at seven locations (12367A, 12368A, 12369A, 123704, 12371A, 12372A, and 12373 A) prior to the
start-up of the South Field (Phase I) Extraction Module on July f3, 1998. The data were used to
create two cross-sections, A-A’ and B-B’. Cross-Section A-A’, shown in Figure A.2-6, consists of
 five locations, one location downgradient of each re-injection well. This cross-section will serve as the
"benchmark" for the plume shape in front of each re-injection well prior to the start of the active
remediation in this area. At the end of the one-year Re-Injection Demonstration, Geoprobe® samples
will be collected from the same five locations to determine the effect that one year of active pumping
and re-injection in this area has had on the plume. Cross-Section B-B’, shown in Figure A.2-7,
consists of three locations, immediately east, west, and downgradient of Re-Injection Well 22109.
Re-Injection Well 22109 is located in an area of the total uranium plume that has total uranium
concentrations over 400 ug/L. This cross-section will serve as a benchmark for the plume’s shape
around Re-Injection Well 22109 prior to the start of the active remediation in this area. These three
locations will be re-sampled using the Geoprobe® on a quarterly basis duﬁng the Re-Injection
Demonstration to determine what effect re-injection and pumping is having on the plume. The next
round of Geoprobe® sampling at these three locations started in December of 1998 and was completed
in January of 1999, and will be presented in the Integrated Environmental Monitoring Status Report
for First Quarter 1999,

.060066
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During the third quarter of 1998, the total uranium plume map shown in Figure A.2-4 was revised in
the South Field area around Extraction Well 31561 and Monitoring Wells 2049 and 2385, and in the
South Plume area around Extraction Well 3926. The plume was re-contoured in the South Field area
to honor higher total uranium values than those presented in the Intégrated Environmental Monitoring
Status Report for Second Quarter 1998. The change to the South Plume area was a result of the plume
being drawn toward Exﬁacﬁon Well 3926 which had a third quarter total uranium concentration of
18 pg/L.

In support of the Re-Injection Demonstration, additional total uranium plume profile data were
collected using a Geoprobe® at locations 123769B, 12372B, and 12373B during the third quarter

of 1998. Cross-Sectibn C-C’, shown in Figure A.2-8, consists of data collected at three locations,
immediately east, west, and south (downgradient) of Re-Injection Well 22109 before starting
re-injection. Re-Injection Well 22109 is located in an area of the total uranium plume that has total
uranium concentrations over 400 pg/L. These three locations will be re-sampled using the Geoprobe®
on a quarterly basis during the Re-Injection Demonstration to determine what effect re-injection and
pumping is having on the plume. The third round of Geoprobe® sampling at these three locations was
initiated in late December 1998 and continued through early January 1999; these data will be reported
in the Integrated Environmental Monitoring Status Report for First Quarter 1999.

As indicated in Tables A.2-1 and A.2-2 and Figure A.2-9, 12 wells with total uranium FRL .
exceedances had Up, Significant trends based on the Mann-Kendall test for trend. All wells with
- exceedances and Up, Significant trends were within the 10-year, uranium-based restoration footprint:

o Monitoring Well 2900 is located south of the four South Plume extraction wells and
lies outside the administrative boundary presented in the Feasibility Study Report for
Operable Unit S (DOE 1995a). The total uranium concentration was 20.3 pg/L in
fourth quarter 1998, whereas the first quarter 1999 concentration was 9.7 pg/L.

. Monitoring Wells 2398 and 3069 are located near the northeastern lobe of the plume.
The Up, Significant trends in both wells were reported in the 1997 Integrated Site
Environmental Report and indicate a continued slow, eastward expansmn of the plume.
However, these two wells are within the capture zone and flow in the area of these
wells has been reversed toward the South Field extraction wells.

o Monitoring Wells 2386 and 2397 are located on the east side of the South Field plume.
As in 1997, when these wells were also trended as Up, Significant, the 1998 Up,
Significant trend indicates a continued slow eastward expansion of the plume as a result
of the regional groundwater flow in this area. However, these two wells are within the
capture zone and flow in the area of these wells has been altered such that it is now
toward the South Field extraction wells.
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. Monitoring Well 2648 showed an increase in total uranium concentration from
48.4 ug/L in fourth quarter 1997 to 57.3 pg/L in fourth quarter 1998. It was
determined in early 1999 that surface water runoff was periodically entering the well
and may have contributed to the increased total uranium concentration. Corrective
actions were taken and will be discussed in upcoming IEMP reports.

] Extraction Wells 3925 and 3926 are South Plume extraction wells; the Up, Significant
trends indicate that contamination was being drawn to the wells from the higher
concentrations in the central portion of the plume to the north. As Up, Significant
trends were calculated for Monitoring Wells 2544 and 3095, which are situated north
of Extraction Well 3925, this may indeed be the case. Although it was anticipated that
operation of the South Plume Optimization extraction wells would diminish total
uranium concentrations in Extraction Well 3925, this has not happened yet. However,
the total uranium concentration of approximately 40 pg/L in fourth quarter 1998 is not
much higher than the total uranium concentration of 33.0 ug/L detected in this well
during the fourth quarter of 1997. In addition, the concentration at Extraction
Well 3926 for fourth quarter 1998 hovered a fraction over the 20 pg/L FRL compared
to approximately 15 pg/L in the fourth quarter of 1997.

. Extraction Wells 31563 and 31566 are South Field extraction wells; the Up,
Significant trend indicates that contamination was being drawn to the wells. The
graphs for the wells are provided in Attachment 1, Figures A.1-12 and A.1-15,
respectively and the highest total uranium concentrations were 65.5 and 48.4 pg/L,
respectively. The trend in Extraction Well 31566 will be watched closely in 1999
since this well was shut down in August 1998 because of lower than expected uranium
concentrations and water yields.

As remediation progresses, it will become increasingly important to follow Down, Significant trends as
well. In 1998, nine monitoring wells with total uranjum FRL exceedances displayed Down,
Significant trends (refer to Table A.2-1). These wells are located in the South Plume and South Field
areas (Figure A.2-9), where active groundwater restoration pumping began in 1998. Down,
Significant trends were also observed at 11 extraction wells (Table A.2-2) in the South Field and
South Plume areas (Figure A.2-9). Trending of uranium concentrations in monitoring wells and
extraction wells will continue as remediation progresses. These trends will be useful in tracking the
progress of the groundwater restoration as well as assisting in identifying areas of the aquifer
remediation where operational changes may be required.

Figures A.2-10 through A.2-134 present total uranium concentration versus time plots for all IEMP
monitoring wells. Only unfiltered, detected results were plotted.
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TABLE A.2-1

SUMMARY STATISTICS AND TREND ANALYSIS OF MONITORING WELLS
FOR TOTAL URANIUM WITH 1998 RESULTS ABOVE FINAL REMEDIATION LEVEL

No. of Samples Minimum*™** Maximum*>*! Average"®** Standard Deviation™"¢

Well  Since 1988°>° (ug/L) (ug/L) (/L) @g/L) Trend®"*

13 13 29 - 64 4 11 No Significant Trend
2008 - 14 .5 25.4 18 5 No Significant Trend
2009 10 13.6 39.2 23.8 7.44 " No Significant Trend
2015 37 1.3 290 150 43 Down, Significant
2033 6 3.3 89.732 ‘ 55 33 No Significant Trend
2045 18 51.4 462 271 9.5 Down, Significant
2046 17 165 907 429 251 Down, Significant
2049 16 3 175 80 - 50 Up, Marginal
2054 11 2.84 58.8 23.1 15.6 No Significant Trend

2060 (12) 43 8.4 332 79 75 Down, Significant
2095 29 27 208 140 41 No Significant Trend
21033 7 24.8 432 25 7.09 No Significant Trend
2106 33 6.059 88.6 50.7 17.6 Down, Significant
2166 17 48 95.1 70 12 Up, Marginal -
2385 10 76.648 242 146 57.4 No Significant Trend
2386 10 6.67 43.431 239 12.1 Up, Significant
2387 _ 10 68.7 492 189 138 Down, Significant
‘ 2390 9 79.296 163 102 26.7 Down, Marginal
2397 11 212 500.937 328 74.5 Up, Significant
2398 27 0.663 35.697 15.7 10.0 Up, Significant
2544 22 0.4 521 30 100 Up, Significant
2545 24 7.6 106 33 2 Down, Significant
2550 22 59 120 78 15 Down, Significant
2551 20 1.5 %" 31 18 No Significant Trend
2552 21 12 ’ 25 19 3.8 Down, Significant
2648 10 9.61 57.3 272 150 Up, Significant
2821 5 25.9 32.6 290 2.77 No Significant Trend
2900 23 0.4 20.271 5 4 Up, Significant
3069 35 0.5 333.716 104 ' 93 Up, Significant
3095 30 2 . 94 15 17 Up, Significant
3125 27 19.3 82 51 16 No Significant Trend
3390 8 81.7 110 93 1 No Significant Trend

*Summary statistics and Mann-Kendall test for trend are based on unfiltered samples from the Operable Unit 5 remedial
investigation/feasibility study data set (1988 through 1993) and 1994 through 1998 groundwater data.

®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 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 ejther a R or Z were not included in this count, the summary statistics, or Mann-Kendall test for
trend.

%Ror 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.
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| TABLE A.2-2
|

SUMMARY STATISTICS AND TREND ANALYSIS OF EXTRACTION WELLS
WITH 1998 RESULTS ABOVE FINAL REMEDIATION LEVEL

No. of Samples ~ Minimum®™®  Maximum®™®  Average®® Standard Deviation™®*

| Well Since 1988 (ug/L) (ug/L) wg/L) (/L) Trend™>*

| South Plume Module (August 27, 1993 through December 31, 1998)

| 3924 9 29.9 180 52 2% Down, Significant

| 3925 96 0.5 84 30 12 Up, Significant
3926 94 1.5 39 11 6.5 Up, Significant

| 3927 88 1 17 12 2 Down. Significant

| South Plume Optimization Module (August 9, 1998 through December 31, 1998)
32308 63 55.8 100.1 74.3 7.35 Down, Significant
32309 61 65.4 122.8 29.9 8.40 Down. Significant

South Field (Phase I) Extraction Module (July 13, 1998 through December 31, 1998)

31550 48 70 127.9 99 15 Down, Significant
31560 48 131 182.8 152 12.3 Down, Significant
31561 48 29.6 1144 53.6 1.2 Down, Significant
31562 48 46.1° .166.5 127 19.3 Down, Significant
31563 46 21.3 65.4 46.5 7.48 Up, Significant
31564 50 7.8 16.8 13 : 1.8 Down, Significant

| 31565 50 72 16.5 11 22 _ No Significant

| 31566 42 2.6 48.4 8.8 10 Up, Significant
31567 49 334 67 45 9.3 Down, Significant '
32276 - 50 169.1 290.2 236.4 31.91 Down, Significant

*If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the mmber of
samples, and the sample with the maximum concentration is used for determining the summary statistics (minimum,
maximum, average, and standard deviation [SD]) and Mann-Kendall test for trend.

bRejected data qualified with either a 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.

“This result (sampled 8/31/98) appears to be an outlier. It is suspected that the sample for this well was switched with the
sample for Extraction Well 31562 (refer to Figures A.1-4 and A.1-5).

“This result (sampled 8/31/98) 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.1-4 and A.1-5).
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TABLE A.2-3
LISTING OF IEMP GROUNDWATER WELLS
Well ID ___ Well Location* Monitoring Activity
13 D.E,F Private Well Monitoring
14 NA® Private Well Monitoring
67 H KC-2 Warehouse
2002 D South Plume Module
2008 A ¢ Waste Storage Area Module
2009 A Waste Storage Area Module
2014 B South Field Extraction System Module
2015 D,E * South Plume Module
Injection Demonstration Module
2017 D,E South Plume Module
- Injection Demonstration Module
2027 A Waste Storage Area Module
2032 A Waste Storage Area Module
2033 A Waste Storage Area Module
2034 A Waste Storage Area Module
2045 B South Field Extraction System Module
‘ o 2046 B South Field Extraction System Module
2049 B South Field Extraction System Module
2051 F RCRA Boundary Monitoring
2054 C Plant 6 Area Module
2060 (12) 'D.E South Plume Module
Injection Demonstration Module
2068 ' B South Field/ Extraction System Module -
2070 BF RCRA Boundary Monitoring
Injection Demonstration Module
2093 D South Plume Module
2095 D South Plume Module
2106 D,E,F South Plume Module
RCRA Boundary Monitoring
Injection Demonstration Module
2118 C Plant 6 Area Module
2125 D South Plume Module
2128 D South Plume Module
2166 D,E,F South Plume Modules
RCRA Boundary Monitoring
Injection Demonstration Module _
2385 B South Field Extraction System Module
2386 B South Field Extraction System Module
2387 B South Field Extraction System Module
2389 C Plant 6 Area Module
. , 2390 B South Field Extraction System Module
2396 D South Plume Module . ;
2397 B South Field Extraction System Module
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TABLE A.2-3 May 28, 1999
(Continued)
Well ID Well Location® Monitoring Activity
2398 D,E,F South Plume Module
RCRA Boundary Monitoring
Injection Demonstration Module
2402 B South Field Extraction System Module
2417 F RCRA Boundary Monitoring
2424 F RCRA Boundary Monitoring
2426 F RCRA Boundary Monitoring
2429 F RCRA Boundary Monitoring
2430 F RCRA Boundary Monitoring
2431 F RCRA Boundary Monitoring
2432 F RCRA Boundary Monitoring
2434 D,E,F South Plume Module
RCRA Boundary Monitoring
Injection Demonstration Module
2544 D South Plume Module
2545 D South Plume Module
2546 D South Plume Module
2548 D South Plume Module
2550 D South Plume Module
2551 D South Plume Module '
2552 D South Plume Module
2553 D South Plume Module
2624 D South Plume Module
2625 D South Plume Module
2636 D South Plume Module
2648 A Waste Storage Area Module
2649 A Waste Storage Area Module
2733 F RCRA Boundary Monitoring
2821 A Waste Storage Area Module
2880 D South Plume Module
2881 D South Plume Module
2897 D South Plume Module
2898 D South Plume Module
2899 D South Plume Module
2900 b South Plume Module
3009 A Waste Storage Area Module
3014 B South Field Module
3015 D,E South Plume Module
Injection Demonstration
3027 A Waste Storage Aréa Module
3032 A Waste Storage Area Module
3034 A Waste Storage Area Module ‘
Yo 3045 B South Field Extraction System Module
0060 07< 3046 B South Field Extraction Module
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TABLE A.2-3 May 28, 1999
(Continued) - 2 2 ? 2
Well ID Well Location® Monitoring Activity

3049 B South Field Extraction System Module
3054 o Plant 6 Area Module
3062 D South Plume Module
3067 F RCRA Boundary Monitoring
3068 B South Field Extraction System Module
3069 D.E,F South Plume Module

RCRA Boundary Monitoring

Injection Demonstration Module
3070 EF RCRA Boundary Monitoring

Injection Demonstration Module
3093 D South Plume Module
3095 D South Plume Module
3106 D,E,F South Plume Module

RCRA Boundary Monitoring

Injection Demonstration Module
3125 D South Plume Module
3128 D South Plume Module
3385 B South Field Extraction System Module
3387 B South Field Extraction System Module
3390 B South Field Extraction System Module
3396 D South Plume Module
3397 B South Field Extraction System Module
3398 D.,EF South Plume Module

RCRA Boundary Monitoring

Injection Demonstration Module
3402 B South Field Extraction System Module
3417 F ~  RCRA Boundary Monitoring
3424 F RCRA Boundary Monitoring
3426 F RCRA Boundary Monitoring
3429 F RCRA Boundary Monitoring
3431 F RCRA Boundary Monitoring
3432 F RCRA Boundary Monitoring
3550 D South Plume Module
3551 D " South Plume Module
3552 D South Plume Module
3624 D South Plume Module
3636 D South Plume Module
3733 F RCRA Boundary Monitoring
3821 A Waste Storage Area Module
3880 D South Plume Module

© 3881 D South Plume Module
3897 D South Plume Module (
3898 D South Plume Module 0T
3899 D South Plume Module
3900 D South Plume Module —
FERAMEMP-ANN\APP-A\ATTACH2\98ATT-A2. WPD\May 27, 1999 9:58AM A-2'9 0 O 0 O 7.3
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TABLE A.2-3 May 28, 1999
(Continued)
Well ID Well Location® Monitoring Activity
3924 D South Plume Module
3925 D South Plume Module
3926 D South Plume Module
3927 D South Plume Module
4067 3 RCRA Boundary Monitoring
4125 D South Plume Module
4398 D,E,F South Plume Module
RCRA Boundary Monitoring
Injection Demonstration Module
4424 F RCRA Boundary Monitoring
4426 F RCRA Boundary Monitoring
4432 F RCRA Boundary Monitoring
21033 B South Field Extraction System Module
21063 b South Plume Module
21192 B South Field Extraction System
21194 D South Plume Module
22198 F RCRA Boundary Monitoring
31217 F RCRA Boundary Monitoring
32308 D South Plume Optimization Module
32309 D South Plume Optimization Module
31550 B South Field Extraction (Phase I) Module
31560 B South Field Extraction (Phase I) Module
31561 B South Field Extraction (Phase I) Module
31562 B South Field Extraction (Phase I) Module
31563 B South Field Extraction (Phase I) Module
31564 B South Field Extraction (Phase I) Module
31565 B South Field Extraction (Phase I) Module
31566 B South Field Extraction (Phase I) Module
31567 B South Field Extraction (Phase I) Module
32276 . B South Field Extraction (Phase I) Module
41217 F RCRA Boundary Monitoring

“Well location refers to Figure A.2-1.

®NA = not applicable. This well is located near the southeast corner of the FEMP.
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FIGURE A.2-96. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3385




Concentration (ug/L)

TZT000

25 . . .

20 The groundwater FRL for total uranium is 20 ug/L.

(LI Rt LECECTEE PERPEPEPFIPRRPEPEE RERTPETEY TP R EPE TR PEPEES SEPEPRPRS

L[ T S R TEE SERRRRRRS b R ELCEEEEE EERPEPPP ERPPRRRRE: SRRPRRRS
%) SRS SO U R - AR S SRS SRS S & I S W
0

Sample Date (year)

FIGURE A.2-97. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3387

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

1998




"
‘e

B

=2 1000

~ Concentration (ug/L)

-~ = -
o = N
o O o

1988

1989 1990 1991 1992 1993 1994 1995 1996
Sample Date (year)
FIGURE A.2-98. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3390

1997




25

20

Concentration (ug/L)

15

10

The groundwater FRL for total uranium is 20 ug/L.

.............................................................................................................

1 il

—

£2T000

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-99. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3396

gl3dag




21000 -

Concentration (ug/L)

25

20 Th(% groundwaZter FRL foir total urar}ium is 20 ;ug/L.

e e e T S e e e
.-
do U T T WU WO S N

o —

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-100. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3397




Concentration (ug/L)

50

45

40

w
¢}

w
o

N
()]

N
o

—_
(8}

-
o

()]

R A B e
The groundwater FRL for total uranium is 20 ug/L.
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-101. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
. FOR MONITORING WELL 3398

2L3G




927000".

N
o

Concentration (ug/L)

"
()]

-
(6}

-
o

The groundwater FRL for total uranium is 20 Hal/L.

[
0
'
'
.
.
i
»
'
................... deaauwueonrmeatesnncncenndecccecnrnrloccrnracscersnnnnvecdecocnncnrseacecncnennedannnsssnctoecciaanas
'
'
.
.
0
'
[
.
'
’ 0 .
-------------------------------------------------------------------------------------------------------------
[ 0 .
' . v «
. . ' v .
. 0 [ v ]
‘ . . v v
‘' ’ 0 ‘ :
[ ' . ' '
. ' ] [ '
' . 0 . v
' » . . 1
"""""" [ il o Sl S i Bttt S Yol ot
. . ’ . .
0 v ., . .
' » ' [ '
. ' [ + .
[ . v .
’ ’ . .
' ’ .
' ' » lA I I
' [ . ™~ ’
[ 1 ] L 1 [l 1 [ 1 1

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-102. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3402




Concentration (ug/L)

TG00 -

25
20 The; groundwa;ter FRL fozr total urar}ium .is‘20 ;ug/L.
Y R R O A O O S O O
10 “..n.._".“..”.._-.”..*..n.._é .....................................................................
Lo R T S O O N T
N N N U N NN < S U NS D

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-103. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
- FOR MONITORING WELL 3417

2223




8LT000 . .

Concentration (ug/L)

=25 ;
A20 : The% groundwa:ter FRL fozr total urar;ium i.s 20 iug/L.
19 [rovrememeeee e rAREREREEREREREREEESLEREREEE = --------- --------- = ---------------------------- R
N T O O S O O W
Lo T S U U U U o
0 ! 0“\0—0+0 * -

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-104. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3424




25
20 Thelgroundwalter FRL fo:.' total uranli'um is 20 /..tg/L. '
-y E
=4 .
S 15 r """"""""""""""" eeesmemnie e P Al el it b
c .
9 ‘
o :
g s
8 10 SRR R L R R LR R R R
c .
o X
O .
L I R R .- -----------------------------------------------------------------------------
. 0 1 1 \ 1 1 . m
: ) 1988 1989 1990 1991 1992 1993 - 1994 1995 1996 1997 1998
g Sample Date (year) _
8 | FIGURE A.2- 105 TOTAL URANIUM CONCENTRATION VS. TIME PLOT
L\lg FOR MONITORING WELL 3426

GAGCG




Concentration (ug/L)

N
(&)

N
o

15

10

The groundwater FRL for total uranium is 20 ug/L.

.............................................................................................................

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Sample Date (year)

FIGURE A.2-106. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-110. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3551
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FIGURE A.2-112. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-113. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3636
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FOR MONITORING WELL 3733




Concentration (ygIL)'

651000

25 .

20 :

15 pecmmmceectaiaaaaas . b e e e et e e e ;. .........
4;‘\‘*

0 T S T S

I R R I T s

0 A 1 1 3 1 1 1 ‘

1988 - 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Sample Date (year)
FIGURE A.2-115. TOTAL URANIUM CONCENTRATION VS. TIME PLOT

FOR MONITORING WELL 3821

gLcc




061000

Concentration (ug/L)

N
(8]

N
o

N
(8}

-
(@

The groundwater FRL for total uranium is 20 ug/L.

. .
.............................................................................................................
.

1988

1989 1990 1991 1992 1993 1994 1995 1996 1997

Sample Date (year)

FIGURE A.2-116. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3880
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FIGURE A.2-117. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-118. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3897
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FIGURE A.2-119. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3898
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FIGURE A.2-120. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 3899
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FIGURE A.2-121. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-122. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-123. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 4125

2238




(8] o (8]

Concentration (ug/L). QGtOOO( v
S

The groundwater FRL for total uranium is 20 ug/L.

'
. B
L] .
' .
L] .
. .
[ .
' '
' .
................... T
. .
L] 3
] +
.
.
.
]
'
'
. . .
-------------------------------------------------------------------------------------------------------------
" .
L]
.
.
L]
'
'
.
.
.
"""""""""" D e il o i T Sttt Rl e . H el
L]
.
.

1988 1989 1990 1991 1992 1993 1994 1995 1996 = 1997 1998

Sample Date (year)
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FIGURE A.2-125. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 4424
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FIGURE A.2-127. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A.2-128. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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FIGURE A,2-129. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 21063
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FIGURE A.2-130. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 21192
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FIGURE A.2-131. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
FOR MONITORING WELL 21194
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FIGURE A.2-13.2. TOTAL URANIUM CONCENTRATION VS. TIME PLOT
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Groundwater elevation maps are shown in Figures A.3-1 through A.3-8 for Type 2 and Type 3
groundwater monitoripg wells for the four quarters of 1998. Each groundwater elevation map contains
an interpreted capture zone for the respective time period made from the Type 2 elevation contours,
then posted on both the Type 2 and Type 3 elevation maps. Also indicated on the maps are the
bedrock highs and the 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.

Figures A.3-9 through A.3-20 provide detailed groundwater elevation maps for the four quarters of
1998 and for the months during the second half of 1998 when the South Field (Phase I) Extraction,
South Plume Optimization, and Re-Injection Demonstration Modules were being brought on line.

~ Because the South Field (Phase I) Extraction Module began operating in July 1998, the detailed

groundwater elevation figure formats from June 1998 to the end of the year have been expanded to
include both the on-property South Field and off-property South Plume areas. All of these elevation
maps were included in the 1998 IEMP quarterly status reports. For additional operational details on
each module, see Attachment A.1.

Hydrographs for monitoring well clusters (Type 2 and Type 3 wells) are provided in Figures A.3-21
through A.3-36 to assess vertical groundwater gradients. For this reason, groundwatér elevations from
Type 2 and Type 3 wells at the same cluster were plotted on the same graph. The well clusters are
identified by the last three digits of the monitoring wells (e.g., cluster 552 consists of Monitoring
Wells 2552 and 3552). Figure A.1-1 identifies the well cluster locations.

Analysis of these hydrographs indicate that elevations in Type 2 and Type 3 monitoring wells within a
cluster are almost always identical for each measurement time. An occasional difference can be seen in
the hydrographs for clusters 897, 900, 068, and 106, but these differences display no systematic
behavior and are attributed to measurement, transcription, or key-purich error when the data were
processed. With the exception of cluster 398, a close examination of the hydrographs for the last two
quarters of 1998 when the South Field (Phase I) Extraction and South Plume/South Plume

Optimization Modules were operational shows no indications of vertical gradierits bétweeh the Type 2
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and Type 3 monitoring wells. Cluster 398 appears to show a two foot gradient during the last two 1

quarters of 1998 with elevations in the Type 2 well (2398) being higher than elevations in the Type 3 2
well (3398). This may be due to the close proximity of this cluster to Re-Injection Well 22111 and 3
will be investigated further in 1999. ' : .

s
The colloidal borescope was used in monitoring wells around the South Plume Extraction Module and 6
in the area of the northeast lobe of the total uranium plume during 1998 to provide additional data on 7
the location of the capture zone. These data are presented in Table A.3-1 and in four period-specific 8
sets of figures from Figures A.3-37 through A.3-89. Each set of figures consists of a map and graphs 9
showing the average groundwater flow direction for each well after statistical filtering. The S0

uncertainty after filtering, plus or minus one standard deviation, is indicated on the map by a u

fan-shaped wedge at each well location. Each flow direction map is followed by graphs of flow 12
direction versus time for those wells that were borescoped: 13
14
. Figures A.3-37 through A.3-50 represent data from the first quarter of 1998. As in
previous reports, borescope flow directions are generally in agreement with interpreted ’
capture zone data for theé South Plume/South Plume Optimization Module.
18
. Figures A.3-51 through A.3-63 represent second quarter 1998 data. Flow directions 19
are generally similar to those observed during the first quarter of 1998 with the 20
exception of flow directions at cluster 900. Flow directions at these two wells during 2
the first quarter of 1998 were observed to be east to northeast but were observed to be 2
west to northwest during the second and third quarters. 23
24
. Figures A.3-64 through A.3-77 represent third quarter 1998 data. The observed flow 25
directions during the third quarter of 1998 were generally consistent with those 26
observed during the first half of 1998. 7
28
° Figures A.3-78 through A.3-89 represent fourth quarter 1998 data. The observed flow 29
directions during the fourth quarter of 1998 were generally consistent with those 30
observed during the first three quarters with the following three exceptions: 3
32
- Flow at Monitoring Well 2093 shifted from southwest to southeast. 33
- Flow at well cluster 898 shifted from south and southeast to east. : 3
- Flow at Monitoring Well 3899 shifted from southwest to north. 35
) 36
These shifts in flow directions are believed to be due to changes in recharge conditions 3
within the aquifer. 38

C¢rgg12 ‘
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The borescope flow directions are not always consistent with flow directions interpreted from
groundwater elevation data because the borescope monitors local flow regimes within the aquifer,
while groundwater elevation data tend to give results which are more regional in nature. Generally,
however, the borescope data were consistent with the capture zones interpreted from grouhdwater.

elevation data.

Figure A.3-90 shows modeled particle tracks for operational wells in the South Plume/South Plume
Optimization and the South Field (Phase I) Extraction Modules. The modeled flow directions agree
with the flow directions interpreted from groundwater elevation data, except in the area of the
northeast lobe of the total uranium plume. Model predictions in this area are being re-evaluated and

compared to observed groundwater flows as part of the model upgrade project.

000213
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TABLE A.3-1
FLOW DIRECTION DATA FROM BORESCOPE OBSERVATIONS IN 1998
Average Flow Direction™® Standard Deviation®
Monitoring Well Date of Observation (degrees) (degrees)
2093 - 3/16 212.2 25.1
6/4 218 6.5
8/4 2114 . 6.1
12/1 124.2 11.9
21063 3/16 142.6 12.7
6/4 133.5 224
8/4 83.9 27.3
1272 119.4 10.6
_22111 3/10 89.8 44
22303 3/9 226.9 14.9
3/9 196.3 4.6
6/4 194.7 8.9
8/3 186.3 2.0
11/17 111.0 57.4
2551 6/1 89.6 ' 3.8
8/5 78.0 27.3
3551 8/5 130.7 38.6
2552 3/11 554 26.7
6/3 81.5 10.6
8/12 82.9 9.8
12/1 102.6 4.5
3552 311 352.2 ' 223
6/3 22 : 14.7
8/12 22.0 13.3
11725 36.8 11.0
2898 3/4 105.9 79 -
: 5/19 115.2 12.0
8/11 123.0 14.9
11/19 104.25 41
3898 3/3 214.5 34.8
5/20 ' 225.4 12.9
8/11 - 205.1 23.7
11/19 73.5 16.1
2899 3/4 89.7 192
5120 151.5 10.5
8/10 - 120.7 7.8
11/18 96.5 8.2
3899 3/5 250.6 28.1
5126 238.6 15.5
8/10 246.2 17.5
11/18 6.5 19.8
2900 3/5 73.7 > N 59.7
’ 5128 307.1 - 4.6
8/6 305.6 12.5
11/16 _320.7 5.5
3900 3/9 79.2 - 26.3
5128 276.9 27.6
8/6 270.6 274
11/16 77.9 47.9

4 :{;verage flow direction is measured clockwise in degrees from magnetic north.
" - -""Valdies ar : statistical ing to remove outliers.
P e 4131574 &< S
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Note: Data statistically filtered;

Standard Deviation: 14.9
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Average: 196.3
Standard Deviation: 4.6
Date: 3/9/98

3.12 feet below water level

Note: Data statistically filtered;
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Average: 352.2

Note: Data statistically filtered;

Standard Deviation: 22.3
Date: 3/11/98
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Standard Deviation: 34.8

Average: 214.5
Date: 3/3/98

68.14 feet below water level

Note: Data statistically filtered;
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Average: 250.6

Note: Data statistically filtered;

Standard Deviation: 28.1

Date: 3/5/98

67.54 feet below water level
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Standard Deviation: 6.5

Average: 218
Date: 6/4/98

7.78 feet below water level

Note: Data statistically fiitered;
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Standard Deviation: 3.8

Average: 89.6
Date: 6/1/98

6.67 feet below water level

Note: Data statiétically filtered;
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Standard Deviation: 10.6

Average: 81.5
Date; 6/3/98

11.98 feet below water level

Note: Data statistically filtered;
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Standard Deviation: 22.4

Average: 133.5
Date: 6/4/98

34 .48 feet below water level

Note: Data statistically filtered,
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FIGURE A.3-58. SECOND QUARTER GROUNDWATER FLOW DIRECTION IN
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Note: Data statistically filtered;
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FIGURE A.3-59. SECOND QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 22303 USING COLLOIDAL BORESCOPE
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Average: 211.4

Note: Data statistically filtered;

Standard Deviation: 6.1

Date: 8/4/98

6.97 feet below water level
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FIGURE A.3-65. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2093 USING COLLOIDAL BORESCOPE
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Average: 82.9

Note: Data statistically filtered:;

Standard Deviation: 9.8
Date: 8/12/98

11.05 feet below water level
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FIGURE A.3-67. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2552 USING COLLOIDAL BORESCOPE
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FIGURE A.3-68. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN
MONITORING WELL 2898 USING COLLOIDAL BORESCOPE
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Average: 120.7
Standard Deviation: 7.8
Date: 8/10/98

3.7 feet below water level

Note: Data statistically filtered;
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FIGURE A.3-69. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN
MONITORING WELL 2899 USING COLLOIDAL BORESCOPE
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Note: Data statistically filtered; Average: 305.6
7.93 feet below water level ’ Standard Deviation: 12.5

Date: 8/6/98
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FIGURE A.3-70. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2900 USING COLLOIDAL BORESCOPE
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Note: Data statistically filtered,;
36.68 feet below water level

Average: 83.9
Standard Deviation: 27.3
_Date: 8/4/98
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FIGURE A.3-71. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN
MONITORING WELL 21063 USING COLLOIDAL BORESCOPE




Average: 186.3

Note: Data statistically filtered;
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FIGURE A.3-72. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 22303 USING COLLOIDAL BORESCOPE
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Average: 130.7

Note: Data statistically filtered;

Standard Deviation: 38.6

Date: 8/5/98

74.68 feet below water level
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FIGURE A.3-73. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 3551 USING COLLOIDAL BORESCOPE




Average: 22.0
Standard Deviation: 13.3
Date: 8/12/98

70.89 feet below water level

Note: Data statistically filtered;
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FIGURE A.3-74. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 3552 USIN%OLLOIDAL BORESCOPE
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Average: 205.1

Note: Data statistically filtered;

Standard Deviation: 23.7
Date: 8/11/98

68.29 feet below water level
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FIGURE A.3-75. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 3898 USING COLLOIDAL BORESCOPE
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Standard Deviation: 17.5
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67.59 feet below water level
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FIGURE A.3-76. THIRD QUARTER GROUNDWATER FLOW DIRECTION IN
MONITORING WELL 3899 USING COLLOIDAL BORESCOPE
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Average: 124.2

Note: Data statistically filtered;

Standard Deviation: 11.9
Date: 12/1/98

2.46 feet below water level
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FIGURE A.3-79. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2093 USING COLLOIDAL BORESCOPE
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Average: 102.6
Standard Deviation: 4.5
Date: 12/1/98

7.84 feet below water level
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FIGURE A.3-80. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN
MONITORING WELL 2552 USING COLLOIDAL BORESCOPE
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Average: 104.25

Note: Data statistically filtered;

Standard Deviation: 4.1
Date: 11/19/98

0.59 feet below water level
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'FIGURE A.3-81. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2898 USING COLLOIDAL BORESCOPE




Average: 96.5

. Note: Data statistically filtered;

- 0C0296

Standard Deviation: 8.2
Date: 11/18/98

0.74 feet below water level
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FIGURE A.3-82. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN

‘

MONITORING WELL 2899 USING COLLOIDAL BORESCOPE
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Average: 320.7

Note: Data statistically filtered;

Standard Deviation: 5.5
Date: 11/16/98

3.54 feet below water level
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FIGURE A.3-83. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 2900 USING COLLOIDAL BORESCOPE
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Average: 111.0

Note: Data statistically filtered;

Standard Deviation: 57.4
Date: 11/17/98

0.77 feet below water level
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FIGURE A.3-85. FOURTH QUARTER GROUNDWATER FLOW DIRECTION IN

MONITORING WELL 22303 USING COLLOIDAL BORESCOPE
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Note: Data statisticaily filtered;
64.02 feet below water level

Average: 36.8
Standard Deviation: 11.0
Date: 11/25/98
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Standard Deviation: 19.8
Date: 11/18/98

Average: 6.5

63.65 feet below water level

Note: Data statistically filtered,;
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ATTACHMENT A4

This attachment to Appendix A evaluates non-uranium FRL exceedances which occurred in 1998. The

purpose of the evaluation is to:

. Determine if 1998 non-uranium FRL exceedances result in the re-categorization of a
constituent (Section A.4.1) '

. Determine persistence of FRL exceedances outside of the 10-year, uranium-based
~ restoration footprint (Section A.4.2)

. Summarize additional studies conducted in 1998 (i.e., identify correlations between
specific constituent concentrations) (Section A.4.3)

° Identify conclusions (Section A.4.4).

A.4.1 RE-CATEGORIZATION OF NON-URANIUM FRL CONSTITUENTS BASED ON 1998
FRL EXCEEDANCES

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

the sampling frequency for monitored constituents meets the criteria established for the program. The
results of these evaluations are used to determine if the constituents should be re-categorized, which '

might change the monitoring frequency.

A.4.1.1 Background

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 (DOE 1997b).

For the purpose of modeling and 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 1995 and criteria defined in Appendix A of the IEMP.

&
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Constituents were categorized based on whether or not they were mobile and persistent, and whether 1

or not they had been detected above the FRL in the aquifer zone in question. The categories are 2
defined as follows: 3
4

. >MP The constituent has been detected in the aquifer at concentrations greater than s

its established FRL and is considered "Mobile and Persistent”. It has been 6

predicted to be able to migrate vertically from the glacial overburden to the 7

aquifer and has already caused an FRL exceedance in the aquifer. 8

9

. >N  The constituent has been detected in the aquifer at concentrations greater than 10

its established FRL but is "Not considered mobile and persistent”. This 1

constituent is not predicted to be able to migrate vertically through the glacial 12

overburden, reach the aquifer, and-create an unacceptable risk. Background B

conditions and/or surface water infiltrations may be the cause of the isolated 14

FRL exceedances noted in the historical record. 15

. 16

. <MP The constituent has not been detected in the aquifer at concentrations greater 17

than its established FRL, but is considered both "Mobile and Persistent”. This 18

constituent is predicted to be able to migrate vertically through the glacial 19

overburden to the aquifer (if no source removal/control 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”. 2

25

If a new exceedance occurs in an aquifer zone for an FRL constituent, then the following criteria 26

would trigger the need to re-categorize the constituent and increase its sampling frequency: 7

‘ 28

° For a <MP constituent, two consecutive FRL exceedances will result in 29

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 3

schedule is warranted. - 2

' 33

. For a <N constituent, two consecutive FRL exceedances will result in e

re-categorization to a > N constituent for the affected aquifer zone. An evaluation of 3

each specific exceedance will be conducted to determine if re-sampling ahead of 3

schedule is warranted. Y

. 38

A.4.1.2 Evaluation ) -3
The criteria presented above were used to evaluate the non-uranium FRL constituents with exceedances o .

in 1998 for re-categorization. Table A.4-1 lists the 1998 non-uranium FRL exceedances both inside a

and outside the 10-year, uranium-based restoration footprint and Figure A.4-1 identifies the location of

these FRL exceedances. In 1998, 15 non-uranium FRL constituents had one or more FRL exceedances
G 8’ 81@ 6&-1). As reported in Table A-2 of the IEMP, of the 15 constituents identified in “
< U , : :
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Table A.4-1, five (boron, chromium, fluoride, nitrate/nitrite as nitrogen, and technetium-99) have a

" <" categorization (<MP) in one or more aquifer zones (note: <N constituents were not monitored
in 1998 since they are only required to be monitored every five years). Correlation of the locations
where the seven constituents had exceedances in 1998 with the aquifer zones defined in the IEMP
indicate that only two constituents, chromium and fluoride, had FRL exceedances in aquifer zones

currently categorized as <MP.

Figures A.4-2 through A.4-6 present the individual concentration versus time graphs for monitoring
wells which had chromium and fluoride FRL exceedances in 1998 in an aquifer zone categorized as
being <MP. |

. FRL exceedances for chromium were detected in Aquifer Zone 0, in Monitoring
Wells 2431 and 2733. Chromium is currently categorized as <MP in Aquifer Zone 0.
The exceedance in Monitoring Well 2431 occurred in the fourth quarter of 1998. Data
collected in 1999 are needed to decide if a categorization change from <MP to > MP
is required. The exceedance in Monitoring Well 2733 occurred in the second quarter
of 1998. Third and fourth quarter results from Monitoring Well 2733 indicate that the
constituent does not need to be re-categorized.

. FRL exceedances for fluoride were detected in Aquifer Zone 0, in Monitoring
Wells 2424 and 2431, and in Aquifer Zone 1, in Monitoring Well 3821. Fluoride is
categorized as <MP in both aquifer zones. The exceedances at each well occurred in
the fourth quarter of 1998. Data collected in 1999 are needed to decide if a
categorization change from <MP to >MP in either aquifer zone is needed.

Re-categorization of the constituents to >MP for the affected aquifer zones is not required because two

consecutive sampling rounds have not produced a FRL exceedance.

A.4.2 THE PERSISTENCE OF 1998 NON-URANIUM FRL EXCEEDANCES OUTSIDE THE
10-YEAR. URANIUM-BASED RESTORATION FOOTPRINT
The Restoration Area Verification Sampling Program Summary Report (DOE 1998d) 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 using the same conservative data
evaluation method approved for the Restoration Area Verification Sampling Program, Project-Specific
Plan (DOE 1997f) to determine if a change in the aquifer restoration remedy is required. This section

presents an evaluation of the persistence of non-uranium FRL exceedances.
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A.4.2.1 Background : 1

Analytical data from samples collected immediately following an FRL exceedance are evaliated to 2
determine if the detected exceedance is persistent. In accordance with the approved Restoration Area 3
Verification Sampling method, if two or more sampling events following an FRL exceedance indicate 4
that the concentration in question has decreased below the groundwater FRL, then the exceedance is s
not considered persistent. s
;
If an FRL exceedance detected outside of the 10-year, uranium-based restoration footprint is g
determined to be not persistent, then no additional action is required above and beyond the routine 9
groundwater monitoring specified in the IEMP. If an FRL exceedance is determined to be persistent, 10
then the cause of the persistent exceedance needs to be identified, and its impact on the aquifer remedy 1
design assessed. Ultimately, the cause needs to be addressed either through a modification of the 12
aquifer remedy or by other means as applicable. : 13
. 1¢
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. An 17
evaluation of the data collected in 1997 for the IEMP, and reported in the 1997 Integrated Site 18
Environmental Report, revealed three persistent FRL exceedances for manganese outside of the 19
10-year, uranium-based restoration footprint (Monitoring Wells 2426, 2430, and 2431), and possible 20
persistent FRL exceedances for cadmium (Monitoring Well 2432), lead (Monitoring Well 3733), and u
zinc (Monitoring Wells 2426 and 3426). The 1998 non-uranium FRL exceedances along with these z
1997 exceedances are addressed below. 3
A 2
A.4.2.2 Evaluation _ 2
Figure A.4-1 and Table A.4-1 identify the 1998 FRL exceedances. In 1998, six FRL constituents had 26
one or more FRL exceedances at seven property boundary wells located outside the 10-year, 7
uranium-based restoration footprint, as noted below: ) 28
) R 29
Arsenic Monitoring Well 2426 3
Chromium Monitoring Well 2431, 2733, and 4067 3
Fluoride Monitoring Well 2424, 2431, and 4067
Manganese Monitoring Well 2426, 2430, and 2431 .
000210 Vanadium  Monitoring Well 2426 ~ .
. Zinc Monitoring Wells 2424, 2426, 2431, 4067, and 41217. 35

MMP-MFA“mmMAﬂ-Ad .WPD\May 27, 1999 9:35am A . 4'4
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Table A.4-2 provides a summary of the 1998 FRL exceedances which occurred in the property
boundary wells. Referring to Table A.4-2, no persistent FRL exceedances were identified outside of
the 10-year, uranium-based restoration footprint using groundwater data collected in 1998. This
includes confirmation of possible FRL exceedances detected in the later half of 1997 (also included in
Table A.4-2). If two or more sampling events immediately following an FRL exceedance indicated

that the concentration decreased below the FRL, then the exceedance was not identified as persistent.

. The following FRL exceedances detected in 1998 are not persistent:

- Arsenic at Monitoring Wells 2426

- Chromium at Monitoring Well 2733

- Manganese at Monitoring Wells 2426, 2430, and 2431
- Vanadium at Monitoring Well 2426

- Zinc at Monitoring Well 2426.

. Data collected in 1999 are needed to determine the persistence of the fonowing
exceedances detected in 1998:

- Chromium at Monitoring Wells 2431 and 4067
- Fluoride at Monitoring Wells 2424, 2431, and 4067
- Zinc at Monitoring Wells 2424, 2431, 2434, 4067, and 41217.

. The following FRL exceedances detected in 1997 are not persistent, based on 1998
monitoring data:

Cadmium at Monitoring Well 3432 during the second quarter of 1997
Lead at Monitoring Well 3733 during the third quarter of 1997

- Zinc at Monitoring Well 2426 during the third quarter of 1997

- Zinc at Monitoring Well 3426 during the second quarter of 1997.

Figures A.4-2 through A.4-5 (also used for the Section A.4.1 discussion) and A.4-7 through A.4721
present individual concentration versus time graphs for all monitoring wells and constituents identified
above. Additionally, FRL exceedances noted above for manganese, lead, and zinc could be associated

with their trace concentrations in carbonate minerals.

A.4.2.3 Discussion

1998 marks the second year that an evaluation of the persistence of non-uranium FRL exceedances
detected in property boundary wells located outside of the 10-year, uranium-based restoration footprint
has been conducted as part of the IEMP. So far the evaluation has resulted in the identification of .

- 000311
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three persistent manganese FRL exceedances in 1997 at Monitoring Wells 2426, 2430, and 2431.
However, data from 1998 indicate that the manganese concentrations in all three wells were again
below the groundwater FRL for manganese. In other words, the FRL exceedances for manganese

deemed persistent in the 1997 Integrated Site Environmental Report were not persistent in 1998.

Evaluating the data for persistence appears to be valuable in tracking changing conditions outside of
the 10-year, uranium-based restoration footprint. Understanding why these manganese FRL
exceedances are occurring will be helpful when efforts to certify the remedy as complete are initiated.

So far, possibilities include:

- A contamination plume is present.
- The exceedances are due to natural concentrations in the aquifer.

- The exceedances are a combination of natural conditions and biofouling around the
monitoring wells. Biofouling can elevate the manganese concentration around the well
(Cullimore 1993).

First, a plume does not appear to be present. As explained in the 1997 Integrated Site Environmental
Report, the FEMP is not a likely source for manganese contamination. Manganese or compounds with
manganese were not used in operations at the FEMP, but according to the Remedial Investigation
Report for Operable Unit 5 (DOE 1995b), manganese is a minor impurity (<1 percent) in uranium
ores and ore concentrates. Potential sources for manganese contamination at the FEMP were identified
in the Feasibility Study Report for Operable Unit 5 as the waste pit area, flyash piles, South Field

area, solid waste landfill, Plant 1 area, Plant 2/3 area, Plant 8 area, laboratory area, General Sump,
and the Health and Safety Building. These potential source locations are not close to Monitoring
Wells 2426, 2430, or 2431.

It is probable that the changing manganese concentrations in these three wells are natural.
Unconsolidated glacial/alluvial aquifers in Ohio, like the Great Miami Aquifer, have relatively high

manganese concentrations. Manganese is an impurity in shale and sandstone. Shale forms the floors

and walls of the buried valley containing the sand and gravel comprising the Great Miami Aquifer

0c0c12
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beneath the FEMP. The FRL for manganese at the FEMP is based'on the Great Miami Aquifer
background value for the area of 0.9 mg/L. The persistent exceedances at Monitoring Wells 2426,
2430, and 2431 in 1997 were only slightly above background.

In 1998 the possibjlity that biofouling might have contributed to the elevated manganese concentrations
was investigated. Metallic compounds are often bioaccumulated in a sequential manner around water
wells. Iron and zinc concentrate very close to the well screen, while manganese accumulates further
out (Cullimore 1993).

Monitoring Wells 2431, 2426, and 2430 were treated for biofouling on June 1, June 18, and

October 29, 1998, respectively. Manganese concentrations before and after treatment are presented in
Table A.4-3 and the data do not conclusively indicate that treating Monitoring Wells 2426, 2430, and
2431 for biofouling resulted in lower manganese concentrations. Figures A.4-10 through A.4-12
indicate the manganese concentration in Monitoring Wells 2426 and 2431 did decrease following
treatment for biofouling, but the manganese concentration in Monitoring Well 2430 also decreased,
and it had not yet been treated. Therefore, the liquid biofouling agent treatment, could have played a
role in decreasing the manganese concentration at Monitoring Wells 2426 and 2431, but it could not

have played a role in the decrease in manganese concentration at Monitoring Well 2430.

A.4.3 ADDITIONAL STUDIES
The following subsections provide discussions on the:
- Correlation of iron, manganese, and zinc concentrations

Correlation of chloride, nickel, and chromium concentrations
- Correlation of hexavalent chromium and total chromium concentrations.

The commitments to perform these studies were identified in the 1997 Integrated Site Environmental
Report. '

A.4.3.1 Correlation of Iron, Manganese, and Zinc
It is thought that biofouling around well screens can lead to bioaccumulation of iron, manganese, and

zinc (Cullimore 1993). Therefore, groundwater samples are being collected at the property boundary

wells to determine if iron concentrations correlate with manganese and zinc concentrations. Analytical
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data will be used to determine if the wells should be redeveloped to address biofouling conditions.
Although there are sufficient data for manganese and zinc; there are only two quarters of data available
for iron (since sampling was not initiated for iron until the third quarter of 1998). Iron samples will
continue to be collected at the property boundary wells in 1999, and the results will be reported in the
1999 Integrated Site Environmental Report.

A.4.3.2 Correlation of Chloride, Nickel, and Chromium Concentrations

In accordance with the 1997 Integrated Site Environmental Report, the U.S. Department of Energy
(DOE) has reviewed historical data on chloride concentrations in monitoring wells with nickel and
chromium exceedances to determine whether a correlation exists between chloride concentrations in the
aquifer and the observed increase in nickel and chromium concentrations. Specifically, it was
identified in the 1997 Integrated Site Environmental Report that chromium, nickel, and chloride
concentrations were all increasing in Monitoring Well 2398. This well is not located near any known
contaminant source, and there is no apparent reason for concentrations to increase in this well. Given
the corrosive nature of chloride and the fact that nickel and chromium are both components of stainless

steel, corrosion of the well casing was presented as a possibility for the increases.

Therefore, to determine if this situation was more widespread, chloride, nickel, and chromium data
collected from 1988 through 1998 were reviewed and the Mann-Kendall statistical test for trend was
used to determine the trends for chloride, nickel, and chromium concentrations at each well location.
Out of all the groundwater monitoring wells at the FEMP, only Monitoring Well 2398 had an Up,
Significant trend for all three constituents.

Discussions with site personnel revealed that corrosion of the stainless steel casing at Monitoring

Well 2398, by the concentration of chlorides present, was very improbable. The cause of the
simultaneous rise of chloride, nickel, and chromium concentrations in Monitoring Well 2398 is still
unknown, but the rise in all three concentrations appears to be isolated to Monitoring Well 2398.
Given that Monitoring Well 2398 is located within the 10-year, uranium-based restoration footprint, no
additional actions beyond the scope of the current IEMP monitoring regime are required at this time.
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A.4.3.3 Correlation of Hexavalent Chromium and Total Chromium Concentrations

Hexavalent chromium has a groundwater FRL of 0.022 mg/L. Because of the short laboratory holding
times for hexavalent chromium, DOE is sampling for total chromium and making the conservative
assumption that any exceedance for total chromium is an exceedance for hexavalent chromium. The
following discusses the investigation of the valence state of chromium in groundwater at the FEMP to

determine if hexavalent chromium is indeed present.

In 1998 groundwater data were collected at eight well locations at the FEMP to determine if hexavalent
chromium was present in the Great Miami Aquifer, and if Eh-pH conditions would be supportive of
-the hexavalent chromium specie. Figure A.4-22 depicts the sample locations. The controlling
document for the sampling program was the Project Specific Plan for Sampling Groundwater for
Hexavalent Chromium (DOE 1998¢c). The locations sampled were selected because they had total
chromium FRL exceedances in 1997 as reported in the 1997 Integrated Site Environmental Report.

A.4.3.3.1 Approach 4 A
Groundwater samples collected from the eight monitoring wells shown on Figure A.4-22 were
analyzed for hexavalent chromium and total chromium (filtered and unfiltered) and compared to
measured redox conditions (Eh-pH) taken at the same locations.  Figure A.4-23 is an Eh-pH diagram
for the system chromium, oxygen, and hydrogen at 25°C. At a pH of 7, the Eh needs to be 500
millivolts or more to form hexavalent chromium species (CrO ,*). Manganese samples (filtered and
unfiltered) were also collected at each sample location. Manganese is relatively insoluble in the same

| Eh-pH range in which hexavalent chromium is stable. Therefore, dissolved manganese conéentrations
in the groundwater that exceeded 0.100 mg/L provide further supporting evidence that hexavalent

chromium should not be present.

A.4.3.3.2 Evaluation

Hexavalent chromium, total chromium, and manganese concentrations (filtered and unfiltered) from
this study are presented in Table A.4-4. The table also presents the maximum pH and Eh measured at
each location, based on a minimum of 24 hours of measurements using a Hydrolab™ down-hole water
quality probe. As identified in this table, hexavalent chromium was not detected in any of the
groundwater samples and all the measured Eh-pH conditions indicate that groundwater is not oxidizing

enough to support the presence of hexavalent chromium.
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Figure A.4-24 is an Eh-pH diagram for the system chromium, oxygen, and hydrogen at 25°C.
Results for Monitoring Wells 2386, 3045, 2398, 2648, and 2054 are posted on the figure based on the
conditions measured at these locations. As the data indicate, all five locations are below the region of

Eh-pH space that would be stabie for hexavalent chromium.

Eh and pH conditions were not measured in Monitoring Well 41217 due to equipment limitations.
However, the filtered manganese concentration measured at Monitoring Well 41217 was 0.136 mg/L,
indicating that Eh-pH conditions were not oxidizing enough to support the presence of hexavalent
chromium. The data collected to date in support of the re-injection demonstration indicate that Eh-pH
conditions become more reduced with depth. Because hexavalent chromium requires oxidizing
conditions it seems very unlikely that hexavalent chromium would be present at the depth of a Type 4

well screen.

Based on the data collected, it can be concluded that at the sampled locations, hexavalent chromium is
not present in the aquifer and Eh-pH conditions measured in the aquifer are not oxidizing enough to
‘support the presence of hexavalent chromium. Therefore, the total chromium concentrations measured

and reported in the 1997 Integrated Site Environmental Report must be due to trivalent chromium.

A.4.4 CONCLUSIONS
From the above sections, the following conclusions can be made from review of the 1998 non-uranium

FRL exceedance data:

° Re-categorization of FRL constituents is not required, and the sampling frequency used
in 1998 to sample FRL constituents does not need to be changed.

. There are no new persistent FRL exceedances outside of the 10-year, uranium-based
restoration footprint that would require a change in the design of the aquifer remedy at
this time. Also, no change will be made to the aquifer remedy at this time to address
the persistent manganese FRL exceedances detected in 1997 at Monitoring Wells 2426,
2430, and 2431. The manganese concentrations in these three wells will continue to be
tracked.

o ‘Samples will continue to be collected from the property boundary wells to determine if
iron concentrations correlate with manganese and zinc concentrations. The data may
be useful to evaluate whether monitoring wells should be redeveloped to address
biofouling conditions. Results will be reported through IEMP reports.

000216
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° There is no correlation between nickel, chromium, and chloride concentrations in the
aquifer, with the exception of Monitoring Well 2398.
. Aquifer conditions at the FEMP do not support the presence of hexavalent chrommm

rather they are supportive of the presence of trivalent chromium.
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2 TABLE A.d-1
a 8 SUMMARY STATISTICS AND TREND ANALYSIS FOR NON-URANIUM
g = CONSTITUENTS WITH 1998 RESULTS ABOVE FINAL REMEDIATION LEVELS
% - - o No. of I;Io. of s
> Constituent (FRL)* Mo&t:lxl'mg Saggieg A Sam%&&kove %kLm)fgi ?&?g‘f" Minimum®>**  Maximum®%*48  Average™*4>%8 Deviatggge"‘ g Trend> 448
5 - (mg/L) (mg/L) (mg/L) (mg/L)
> Antimony (0.0060 mg/L) 2386 4 1 1 0.000025 0.0225 0.014 0.011 No Significant Trend
§ Arsenic (0.050 mg/L) 2456 2 3 2 0.00075 0.146 0.023 0.044 Up, Significant
£ Boron (0.33 mg/L) 2049 6 4 2 0.154 1.14 0.564 0.361 No Significant Trend
= Carbon Disulfide (5.5 ug/L) __ 2649 5 1 1 0.3 7 3.5 2.6 No Significant Trend
£ Chromium (0.02 mgL)® 2032 2 2 1 0.09 0.0478 NA NA NA
2054 4 3 2 0.0025 0.0474 0.030 0.021 No Significant Trend
% . 2106 23 3 2 0.001 0.095 0.01 0.02 Up, Significant
3 2118 4 2 1 0.0025 0.0582 0.029 0.024 No Significant Trend
g7 2386 4 2 1 0.002 8.51 2 4 Up, Significant
e 2387 3 2 1 0.0021 0.0795 0.035 NA NA
g 2398 23 11 4 0.00145 0212 0.0511 0.0656 Up, Significant
21 1 1 0.0007 0.0308 0.004 0.006 No Significant Trend
2 2 1 0.00135 0.0533 0.00749 00115  No Significant Trend
S 3 2 1 0.002 0.0367 0.02 NA NA
™ 3 1 1 0.002 0.128 0.05 NA NA
= 23 1 1 0.001 0.0458 0.004 0.009  NoSignificant Trend
Fluoride (4 mg/L) 2 1 1 0.22 53 0.77 1.1 No Significant Trend
21 1 1 0.08 12.3 0.9 26 No Significant Trend
4 1 1 0.19 5.76 1.6 - 2.8 No Significant Trend
24 1 1 0.08 11.3 0.8 2.3 No Significant Trend
Lead (0.015 mg/L) 3 1 1 0.002 0.0437 0.02 NA NA
Manganese (0.90 mg/L) 3 2 1 0.384 9.15 3.58 NA NA
4 1 1 0.0005 1.43 0.4 0.7 Up, Significant
2 6 2 0.326 4.55 1.09 1.07 Up, Significant
2 5 2 0.131 1.69 0.695 0.364 Up, Significant
21 5 2 0.237 552 0.880 1.20 Up, Significant
5 3 1 0.566 2.93 1.64 1.06 No Significant Trend
3 3 1 1.29 1.69 1.42 NA NA
3 2 1 0.352 1.79 1.03 NA NA
3 1 1 0.406 341 1.53 NA NA
3 1 1 0.33 1.18 0.62 NA NA
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TABLE A.4-1
(Continued)
N No. of s No. X{)o
Constituent (FRL)" Mo‘%t:l?ng Sam;a)luér Sampla © Filmi.p}‘zi 199;3,3 Minimum®™*f  Maximun™**f€  Average>* ' Devnatwn nﬂ'“’“ Trend>>448
Molybderm (0.10 mg/L) 2649 4 4 1 0.359 0.69 0.54 0.14 No Significant Trend
Nickel (0.10 mg/L) 2386 4 1 1 0.0095 1.42 0.38 0.69 Up, Significant
2387 3 1 1 0.0095 0.179 0.071 NA NA
2398 23 9 4 0.003 0.791 0.11 0.18 'Up, Significant
3387 3 1 1 0.0095 0.141 0.057 NA NA
Nitrate/Nitrite (11 mg/L) 2648 4 2 1 0.15 20 8.1 ' 95 No Significant Trend
4 4 2 36 73.6 50 16 No Significant Trend
-4 1 1 1.39 16.6 6.94 7.03 No Significant Trend
Technetium-99 (94 pCi/L) 3 3 2 130.587 1207.77 825.908 NA ~ NA
Trichloroethere (5.0 ug/L) 5 4 1 0.5 150 100 60 No Significant Trend
Vamadium (0.038 mg/L) 2 1 1 0.0002 0.0664 0.007 0.015 No Sigpificant Trend
Zinc (0.021 mg/L) 3 1 1 0.0056 0.023 0.013 NA NA
22 1 1 0.00145 0.0304 0.00703 0.00656  No Significant Trend
23 7 2 0.00065 0.239 0.028 0.052 No Significant Trend
2 5 2 0.0008 0.047 0.012 0.014 No Significant Trend
21 3 2 0.00145 0.0917 0.0140 0.0227 No Significant Trend
2434 2 2 1 0.0008 0.0385 0.007 0.009 No Significant Trend
o) 2648 5 4 1 0.003 0.127 0.06 0.05 No Sigpificant Trend
S 3106 23 2 1 0.001 0.0789 0.008 0.016 No Significant Trend
=) 3385 3 2 1 0.014 0.0656 0.045 NA NA
X 3387 3 2 1 0.0121 0162 0.0704 NA NA
2 3397 3 2 1 0.0034 0.114 0.049 NA NA
$e W, 3 1 1 0.0029 0.0485 0.019 NA NA
w61 23 2 2 0.00085 13.6 0.61 2.8 Up, Marginal
21 2 1 0.002 0.0256 0.009 0.006 Down, Significant

hifing indicates well is outside the 10-year, uranium-based restoration footprint.

*From Operable Unit 5 Record of Decision, Table 9-4
®Based on unfiltered samples from the Operable Unit 5 remedial investigation/feasibility study data set (1988 through 1993) and 1994 through 1998
°If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the mumber of samples, and the sample with the maximum 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 a R or Z were not included in the court, the summary statistics, or Mann-Kendall test for trend.
°If the number.of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the number of samples is equal to three,
then the minimum, maximum, and average are reported. If the mumber of samples is equal to two, then the minimum and maximum are reported. If the number of samples is equal
to one, then the data point is reported as the minimum.
8For 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.
NA not applicable
"FRL based é’x{) hexavalent chromium, from Operable Unit 5 Record of Decision, Table 9-4; however, the sampling results are for total chromium.
'FRL based on nitrate, from Operable Unit 5 Record of Decision, Table 94
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TABLE A.4-2

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

1998 FRL Exceedance
Monitoring First Second Third Fourth Evaluation Results for .
Constitient ~ Well  Pertinent 1997 Results Qr Qr Q& Qtr 1998 Figure No.
Arsenic 2426 Y Y N N Not Persistent A.47
Cadmium 3432 ThirdQuater FRL N N N N Not Persistent A4-19
Exceedance -
Chromium 2431 N N N Y Additonal Data Required  A.4-2
2733 N Y N N Not Persistent A43
4067 N N Y N Additional Data Required  A.4-8
Fluoride 2424 N N N Y Additional Data Required  A.44
2431 N N N Y Additional Data Required  A.4-5
4067 N N N Y Additional Data Required  A.4-9
Lead 3733 ThirdQuarerFRL N N N N Not Persistent A.4-20
Exceedance
Manganese 2426 PersistentExceedance Y - Y N N Not Persistent A.4-10
2430 PersistentExceedance Y Y N N Not Persistent A4-11 .
2431  Persistent Exceedance Y Y N N Not Persistent A4-12
Vamadlum 2426 N Y N N Not Persistent A.413
Zinc 2424 N N Y N Additional Data Required A.4-14
2426 ThirdQuarer FRL Y Y N N Not Persistent A4-15
Exceedance ’
2431 N N Y Y Additional Data Required A.4-16
3426 ThirdQuarerFRL N N N N Not Persistent A.421
Exceedance
4067 N N Y Y Additional Data Required A.4-17
41217 N N Y N Additonal Data Required ~ A.4-18
00032

) L . N o . 4-
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TABLE A.4-3
MANGANESE RESULTS FOR THE TREATMENT OF
MONITORING WELLS 2426, 2430, AND 2431 FOR BIOFOULING
. Biofouli Sample Date

Monitoring Well Treatment Date Jamary 1998 April 1998 July 1998 October 1998
(mg/L) (mg/L) (mg/L) (mg/L)

2426 6/18/98 - 4.55 2.99 0.548 0.565

2430 10/29/98 1.69 1.28 0.131 0.608"

2.09 0.241 0.742

2431 © 6/1/98 5.52

“Sample was collected in October before well was re-habilitated.
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TABLE A.44

Summary Table of Sampling Results for the
Presence of Hexavalent Chromium in the Aquifer

Monitoring Hexavalent Total

Well Sample Date . Chromium* Chromium®  Manganese®  pH' En°
(@g/L) (mg/L) (mg/L) @V)

2032 11/17/98 filtered ND ND ND 8.25 333
unfiltered ND 0.0545 0:.0133 ‘

3032 11/17/98  filtered ND 0.0068 0.0063 7.78 252
unfiltered ND 0.0153 0.205

2648 11/17/98  filtered ND 0.007 1.89 6.92 3%
unfiltered ND 0.0139 1.94

2054 11/18/98  filtered ND ND 0.418 72 128
unfiltered ND 0.0077 0.645

3045 12/2/98 filtered ND ND 0.0106 7.28 323
unfiltered ND ND 0.119

2386 12/2/98 filtered ND ND 0.217 7.13 365
unfiltered ND 1.05 0.222

2398 12/2/98 filtered ND ND 0.0071 747 375
unfiltered ND 0.0741 0.0138 : ‘

41217° 12/2/98 filtered ND ND 0.136 NS NS
unfiltered ND ND 0.139

*ND = not detected. The detection limit for hexavalent chromium (filtered and unfiltered) was 0.006 mg/L. The
detection limit for total chromium ranged from 0.0006 to 0.0107 mg/L (filtered) and 0.0033 to 0.004 mg/L (unfiltered).
The detection limit for manganese (filtered) was 0.0043 mg/L..

*Maximum pH and Eh, based on a minimum of 24 hours of measurements using a Hydrolabq:M down-hole water quality
probe

°NS = not sampled due to equipment Limitations.

000Z2%2
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ATTACHMENT A.5

KC-2 Warehouse Well Monitoring Activity
The KC-2 Warehouse well monitoring has also been included as part of the IEMP. Monitoring of this

well (Well 67 in Figure A.5-1) is conducted on an annual basis and will continue until the warehouse

is decommissioned and dismantled, at which time the well will be removed.

The August 1998 sampling event for the KC-2 Warehouse well (Table A.5-1) revealed lower
concentrations of hazardous substance list metals than previous year’s sampling results and all results

were below the groundwater FRL.

Coal Pile Runoff Basin Monitoring
Monitoring Wells 1675 and 1676 (refer to Figure A.5-1) installed in the perched groundwater zone

within the glacial overburden (till) have been used to monitor the Coal Pile Runoff Basin on a routine
basis. Monitoring and reporting is conducted in accordance with Ohio Permit to Install No. 05-4172,
iséued and effective on September 13, 1990. As required by the Perrhit to Install, the monitoring data
from the Coal Pile Runoff Basin for 1997 and 1998 are presented in Table A.5-2. '

Monitoring of the two wells was only conducted during the first quarter of 1998; because in May,
OEPA gave permission to cease monitoring of these wells primarily because the coal storage area
which drained to the basin was no longer utilized for bulk coal storage and the useable coal had been
removed (letter dated May 20, 1998, from OEPA’s Office of Federal Facilities Oversight to

DOE FEMP). The groundwater data that had been collected from these wells over the seven years of

monitoring did not indicate a threat to human health and/or the environment.

- 0rQ3g9
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TABLE A.5-1

KC-2 WAREHOUSE GROUNDWATER SUMMARY STATISTICS
(January 1993 through Third Quarter [August] 1998)

: 1998 Data
Numberof FRL® Min*> Max.*®®  Avg®™  sD*™  Sample Result (mg/L);
Constituent Samples"'b (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) Validation Qualifier®

Aluminum “12 NA 0.01055 80 14 25 0.0211 U
Antimony 12 0.0060  0.000065 0.22 0.052 0.071 0.00013 U
Arsenic 12 0.050 0.00065 0.0873 0.016 0.030 0.0018 U
Barium 12 2.0 0.103 0.867 0.362 0.258 0.247 -
Beryllium 12 0.0040  0.00001 0.005 0.0014 0.0016 0.00002 U
Cadmium 12 0.014 0.00003 0.0671 0.01 0.02 0.00006 U
Calcium 12 NA 46.3 1310 340 445 58.1J
Chromium 12 0.022f 0.0015 235 0.4 0.8 0.003U
Cobalt 12 0.17 0.000105 0.102 0.026 0.038 0.00021 U
Copper - 12 1.3 0.000335 0.373 0.096 0.15 0.00067 U
Cyanide 4 NA 0.000985 0.0025 0.0018 0.00081 0.00197 U
Iron 12 NA 3.18 620 150 230 4.19 -
Lead 12 0.015 0.00062 3.8 0.80 1.3 0.00062 -
Magnesium 12 NA 33.9 322 103 105. 35.2- .
Manganese 12 0.900 0.053 8.52 2.0 3.1 0.053 -
Mercury 12 0.0020  0.00005 0.0022 0.00034 0.0006 0.0001 U
Nickel 12 0.10 0.0011 1.21 0.25 0.41 0.0022 U
Potassium 11 ©~ NA 0.922 14.6 3.25 4.15 1.11 -
Selenium 12 0.050 0.00039 0.0099 0.0029 0.0028 0.0023 U
Silver 12 0.050 0.00025 0.0312 0.005 0.009 0.0005 U
Sodium 11 NA 17.5 23.9 20.4 1.92 20.7 -
Thallium 12 NA 0.000025 1.8 0.15 0.52 0.00005 U
Vanadium 12 0.038 0.00075 0.19 0.038 0.056 0.00150
Zinc 12 0.021 0.0061 1.79 0.39 0.58 0.0122U
wgl) gy @l (ug/l) g/L) (ug/L)
Uranium, Total 12 20 0.2 2400 200 200 0.2NV

*If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total munber
ofsampl&s and the sample with the maximum concentration is used for determining the swmmary statistics (mimmum,
average, and standard deviation [SD]).
eecteddataquahﬁedmthmtheraRorZwemnotmchxdedmtms com:ormestmmarystausum
A = not applicable
alues where the concentrations are below the detection limit, the results used in the summary statistics are set at half the
detection limit.
Validation qualifier codes are provided in Appendix D of the Sitewide CERCLA Quality Assurance Project Plan
E 1998e).
FRL is based on hexavalent chromium, from Operable Unit 5 Record of Decision, Table 9-4; however, the sampling I

results are for total chromium.

0C0CE0
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TABLE A.5-2

COAL PILE RUNOFF BASIN SUMMARY STATISTICS FOR 1997 AND 1998 DATA

lv\dvggtormg Constituent Salil(;;lgsf“’b Min.*>* Max. *>* Avg.*P* Sp*b¢
(mg/L) (mg/L) (mg/L) (mg/L)
1675 Chloride 5 20 66 36 20
Sulfate 5 265 395 349 49.9
Total Dissolved 5 957 1045 1015 34.73
Solids :
(Std. Units)  (Std. Units)  (Std. Units)  (Std. Units)
pH 5 7.08 7.4 7.15 0.068
(umhos/cm)  (umhos/cm)  (umhos/cm) (uwmhos/cm)
Specific 5 1276 1361 1326 44.34
Conductivity A
(ug/L) («g/L) (g/L) (ng/L)
Total Uranium 5 2.5 © 35 9.9 14
A (mg/L) (mg/L) (mg/L) (mg/L)
1676 Chloride 5 38 96 56 23
Sulfate 5 220 387.5 ° 288 63.5
Total Dissolved 5 719 1113 944 148
Solids
(Std. Units)  (Std. Units)  (Std. Units)  (Std. Units) °
pH 5 7.1 7.3 1.2 0.083
: (vmhos/cm)  (umhos/cm) (umhos/cm) (uwmhos/cm)
Specific 5 1234 1395 1330 70.24
Conductivity
(g/L) (ug/L) - (uG/L) (1g/L)

Uranium, Total 5 9.7 64 25 22

*If 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 for determining the summary
gt;tistics (minimum, maximum, average, and standard deviation [SD]).

ejected data qualified with either a R or Z were not included in this count or the summary statistics.
°For values where the concentrations are below the detection limit, the results used in the summary statistics are
set at half the detection limit.
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ATTACHMENT A.6

The on-site disposal facility monitoring program fulfills two 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 FEMP. The Final On-Site Disposal
Facility Groundwater/Leak Detection and Leachate Monitoring Plan (DOE 1997d) 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.

Final facility dimensions include: capacity of 2.5 million cubic yards, maximum height of
approximately 65 feet, and an estimated areal coverage of 70 acres of the northeast area of the FEMP.
Protection of the Great Miami Aquifer and the overlying perched groundwater system includes the

following measures for each of the eight cells:

Leachate collection system

Leak detection system

Multi-layer composite liner system
Multi-layer composite cap.

The leachate collection system 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 leak detection system is located beneath the leachate collection
system and provides a mechanism for detecting 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 through manholes. Horizontal till wells are set beneath each

cell and provide verification of perched groundwater quality.

The following subsections provide information for each cell (Cells 1, 2, and 3) where monitoring was

conducted during 1998. Figure A.6-1 identifies the well locations where monitoring occurred.

A6.1 CELL 1 |
Sampling was initiated for Cell 1 in March 1997 to begin to establish baseline groundwater conditions.
Waste placement commenced in December 1997; therefore, 1998 sampling was conducted during waste
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placement. During 1998 a draft technical memorandum was issued to discuss the baseline conditions for
the horizontal till and Great Miami Aquifer wells. The EPA and OEPA issued comments on this technical
memorandum in 1998 identifying that it would be necessary to extend sampling for the horizontal till wells
in order to better establish baseline conditions. Approval of a strategy to establish baseline is anticipated
in 1999. '

Table A.6-1 presents the constituents detected in 1998 from the monitoring locations associated with Cell 1.
Of the 16 constituents sampled, six constituents (total organic carbon, total organic halogens, boron,
bromodichlofomethane, technetium-99, and total uranium) were detected at least at one location.
Monitoring results per location (leachate collection system, leak detection system, horizontal till well, and
Great Miami Aquifer) are discussed below. '

Leachate Collection System
Five of the six constituents (bromodichloromethane was not detected) identified in Table A.6-1 were
detected in the leachate collection system. Total uranium concentrations ranged from 47 to 119 ug/L.

Furthermore, 67 additional Ohio Administrative Code 3745-27-10, Appendix I, constituents (general
chemistry, inorganic, and organic) are sampled at the leachate collection system on an annual basis to
determine if the constituents sampled quarterly are sufficient for leak deteétion purposes. This monitoring
is identified in the Groundwater/Leak Detection and Leachate Monitoring Plan for the On-site Disposal
Facility. New indicator constituents are to be added to the quarterly monitoring list if concentrations
observed in the annual sample are much higher than the perched water concentrations at the FEMP. This
annual sample was collected in December 1998. All detected constituent concentrations found in the annual
leachate sample were within the range of FEMP perched water constituent concentrations as defined in the
Operable Unit 5 Remedial Investigation Report, except for chemical oxygen demand, which was not
sampled during the remedial investigation. The chemical oxygen demand concentration in the annual
sample was 13.8 mg/L which is within the ra;ige of surface water chemical oxygen demand concentrations
at the FEMP. Therefore, based on the results of the 1998 annual sample, no changes to the quarterly
monitoring list are required.

" The volume of water pumped from the leachate collection system is discussed in Section A.6.4.
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Leak Detection System 2 2 7 2

Five of the six constituents (technetium-99 was not detected) identified in Table A.6-1 were detected in
the leak detection system. Also, bromodichloromethane was detected only once in the leak detection
system at a concentration of 0.8 pug/L which is below the usual detection limit of 1 ug/L. Total

uranium concentrations ranged from 1.5 to 13.744 ug/L.

Figure A.6-2 shows the volumes of water (monthly totals) pumped from the Cell 1 leak detection
system. The volume of wéter removed from the leak detection system fluctuated over the year as the
leak detection system was compressed and the water was squeezed out of the system by waste
placement activities occurring in the cell above. The maximum and average monthly amount of water
pumped from the leak detection system during 1998 was 1460 and 628 gallons, respectively. When
the maximum and monthly averages are converted to daily rates, values of48.7 and 20.9 gallons per
day (gpd) are obtained. In the On-site Disposal Facility Final Design Calculation Package

(DOE 1997c), it was concluded that an initial response leakage rate for individual cells would be 20
gallons per acre per day. Given that each cell covers an area of 6.4 acres, the initial response leakage
rate for a given cell would be 128 gpd. The above noted maximum (48.7 gpd) and average (20.9 gpd)
from Cell 1 are far below the initial response leakage rate of 128 gpd. Over time, with the capping
and closure of the cell, the volume of water removed from the leak detection system is expected to
stabilize and diminish. The volume of water removed from the leak detection system will be closely -

tracked over time to determine if the primary liner system continues to perform as expected.

Horizontal Till Well

Three of the six constituents identified in Table A.6-1 were detected at the horizontal till well. Total
organic halogens, bromodichloromethane, and technetium-99 were not detected. Total uranium
concentrations ranged from 1.106 to 19 pg/L; however, the total uranium concentration of 19 ug/L is

considered anomolous because other concentrations in 1998 have been around 1 ug/L.

Great Miami Aquifer
Five of the six constituents (bromodichloromethane was not detected) identified in Table A.6-1 were

detected in the Great Miami Aquifer wells. Total uranium concentrations ranged from not detectable
t0 3.08 ug/L. None of the constituents sampled and analyzed from the aquifer exceeded groundwater
FRLs.
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Trend analysis wés‘ﬁerformed on Great Miami Aquifer data. Of those detected constituents identified
in Table A.6-1, only boron from Monitoring Well 22201 had an Up, Significant trend. The highest
concentration for boron from this well during 1998 was 0.142 mg/L, which is well below the FRL of
0.33 mg/L.

A6.2 CELL2 .

Sampling was initiated for Cell 2 in June 1997 to begin to establish baseline groundwater conditions.
Waste placement commenced in November 1998; therefore, for part of 1998, sampling was conducted
prior to waste placement, and for part of 1998, sampling was conducted during waste placement. This
is important for the fact that monitoring of the leachate collection and the leak detection systems are
only initiated after waste placement in a cell. Only one sample from both the leachate collection and
leak detection systeins was collected during 1998, specifically in December. In order to evaluate the
data associated with Cell 2, two tables were prepared (refer to Tables A.6-2 and A.6-3). Table A.6-2
presents constituents detected at the horizontal till well and aquifer wells prior to waste placement and
Table A.6-3 presents constituents detected at the leachate collection system, leak detection system,

horizontal till well, and aquifer wells after waste placement was initiated.

Leachate Collection System
Only one sample was collected from the Cell 2 leachate collection system. Four constituents (total
organic carbon, total organic halogens, boron, and total uranium) were detected. The total uranium

concentration was 17.1 ug/L.

Furthermore, 67 additional constituents (general chemistry, inorganic, and organic) are sampled at the
leachate collection system on an annual basis. Consistent with the annual sample for Cell 1, the Cell 2
annual sample had no constituent concentrations that would require a change to the quarterly

monitoring list.
The volume of water pumped from the leachate collection system is discussed in Section A.6.4.

Leak Detection System
During 1998, the leachate pipeline for the on-site disposal facility was found to be malfunctioning and

is expected to be shutdown through the spring of 1999 to accommodate repairs. This pipeline is part
PTP000358
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of a system that connects the on-site disposal facility to the FEMP’s advanced wastewater treatment
facility for the subsequent treatment and discharge of collected leachate and contact stormwater runoff.
During the period that the pipeline was not in service, a contingency plan for leachate collection was
utilized to manually truck collected leachate from Cells 1 and 2 for delivery to the advanced
wastewater treatment facility.

The malfunctions associated with the pipeline interrupted the FEMP’s ability to obtain accurate water
volume measurements and water quality monitoring data for the on-site disposal facility, most notably
from the Cell 2 leak detection system. For this period, it became difficult during storm events to keep
the various waters originating within the on-site disposal facility separate from one another, such that
representative monitoring of each individual water source could be conducted. During this period,
water originating within the Cell 1 leachate collection system periodically became mixed with water
collected from the Cell 2 leak detection system, resulting in non-representative water quality data for
the Cell 2 leak detection system. It was necessary to continue to collect data throughout the time that
the pipeline was not functioning properly and under repair (to comply with existing monitoring plan
requirements), but the results should not be cénsidered as representative of the intended monitoring

purpose (i.e., the monitoring of individual system flows) during this period.

All of the water quality results collected for the Cell 2 leak detection system during the IEMP
reporting period are summarized in Table A.6-3, and those individual results that are not considered to

be fully representative (because of the mixing of flows) are footnoted accord'ingly. '

Figure A.6-3 shows the volume of water pumped from the Cell 2 leak detection system for the 1998
period after waste placement began (November and December). The volume of water removed from
the system reflects a mixture of water that came from the Cell 2 leak detection system and water from
the leachate pipeline, as discussed above. Therefore, an accurate detem_lination of the volume of water

associated solely with the Cell 2 leak detection system can not be made.

Once the repairs to the leachate pipeline are completed and the system is returned to service, flow and
water quality sampling activities will again become representative of individual flows. Other than the

problems with the pipeline and the accompanying difficulty in obtaining representative samples during

vy
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a portion of the IEMP reporting period, the on-site disposal facility continues to function as designed.
The resumption of representative sampling conditions in the summer of 1999, following successful

repair of the pipeline, should continue to document this overall conclusion.

Horizontal Till Well

Seven constituents were detected prior to waste placement as identified in Table A.6-2. One of these
constituents (bromodichloromethane) was only detected once at a concentration of 0.4 ug/L, which is
below the usual detection limit of 1.0 ug/L. In regard to the sampling that occurred after waste
placement was initiated, only three of the original seven constituents were detected, with boron,
mercury, bromodichloromethane, and technetium-99 being the four constituents not detected after

waste placement was initiated. The total uranium concentrations ranged from 1.53 to 3.607 pg/L.

Great Miami Aquifer

Four constituents (total organic carbon, total organic halogens, boron, and total uranium) identified in
Tables A.6-2 and A.6-3 were detected in the Great Miami Aquifer wells. Total uranium
concentrations ranged from not detectable to 11.826 ug/L. None of the constituents sampled and
analyzed from the aquifer exceeded groundwater FRLs.

Trend analysis was performed on Great Miami Aquifer data. Of those detected constituents, only total
organic halogens from both aquifer wells had an Up, Significant trend. The highest concentration for
this constituent during 1%98 was 0.124 mg/L. There is no FRL for total organic halogens.

A.6.3 CELL3
Sampling was initiated for Cell 3 in July 1998, and continued throughout 1998, to establish baseline

groundwater conditions. Waste placement is not anticipated until Fall 1999.

Table A.6-4 presents the number of samples with detections, the number of samples, and the range of
all detected \samples since baseline sampling was initiated. Of the 16 constituents sampled, four
constituents (total organic carbon, total organic halogens, boron, and total uranium) were detected at
the aquifer and horizontal till monitoring locations. At most, six samples have been collectéd from the
monitoring locations. Table A.6-4 identifies that total uranium concentrations ranged from not |

detected to 9.14 ug/L for all locations monitored. The 9.14 ug/L total uranium concentration is from
000360 |
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the horizontal till well. The maximum total uranium concentration in the aquifer was approximately

3 ug/L. None of the constituents sampled and analyzed from the aquifer exceeded groundwater FRLs.

A.6.4 LEACHATE COLLECTION SYSTEM VOLUMES

Leachate volumes are measured at a meter located at a manhole near the BioSurge Lagoon within the
on-site disposal facility leachate conveyance system. The leachate volume measurements represent the
collective leachate volume from all on-site disposal facility cells that contain waste materials. Leachate
from Cells 1 and 2 contributed to the leachate volumes measured during 1998. During 1998 leachate
wﬁs collected from Cell 1 for the entire year (since waste placement began in 1997) and from Cell 2
for November and December (since waste placement began in November). A total of just over six
million gallons of leachate were collécted and ﬁumped to the BioSurge Lagoon for subsequent
treatment at the advanced wastewater treatment Phase II facility. This leachate volume indicates that
about 64 percent of the precipitation that fell on the controlled areas of Cells 1 and 2 (9,323,626
gallons) became leachate that was collected. The remaining 36 percent of the precipitation likely
evaporated or is held up in the waste material. The six million gallons collected is considerably more
than the 3.1 million gallons expected from design estimates; however, this is likely due to design
assumptions such as precipitation rate and intensity differing from the actual conditions that occurred
in 1998.

As presented in Figure A.6-4, leachate volumes ﬂuétuated throughout the year. These fluctuations are
expected during the active waste placement period of the on-site disposal facility (prior to final
capping) because the leachate volumes during this period primarily reflect the amount of precipitatfon
that falls on the active cells and is subsequently collected in the leachate collection systems. As the

cells are capped, the leachate volumes are expected to stabilize and diminish over time.
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TABLE A.6-1

1998 OSDF CELL 1 DETECTED CONSTITUENTS COMPARISON TABLE

>qe000

Leachate Collection Leak Detection Horizontal Till Great Miami Aquifer™>'

o A System™*"8 System®® Well>*h Upgradient Downgradient®
Constituent (FRL)" Quarterb (12338C) (12338D) (12338) (22201) (22198)
Total Organic Carbon (NA mg/L) First 26.3 1.04 9.72 1.98 ND

Second 123 80.9 o122 59.7 52.5
Third 18.5 NS 3.93 7.72 4.7
PFourth 9.99 2.06 1.1 2.18 ND
Total Organic Halogens (NA mg/L) First ND . ND ND 0.026 ND
Second 0.049 0.0216 ND 0.0138 0.0473
Third 0.0308 NS i ND ND ND
Fourth 0.022 0.0426 ND 0.0105 0.012
Boron (0.33 mg/L) Pirst 0.0642 0.0296 0.29 0.142 0.0412
Second 0.128 0.321 ND 0.0915 0.0516
Third 0.337 NS 0.0283 0.0759 0.0442
Fourth 2.59' 0.197 ND 0.133 0.116
Bromodichloromethane (100 pp/L) Pourth ND 0.8 ND ND ND
Technetium-99 (94 pCi/L) First 12 ND ND ND 14.8
Second 18.28 ND ND : ND ND
- Third ND NS ND ND 12.18
Total Uranium (20 ug/L) : First 49.3 1.5 19 ND 0.579
. Second 70.006 13.744 1.106 0.087 1.13
Third 47.018 NS 1.23 3.08 1.014
Fourth 119 9.84 1.73 0.58 0.913

*From Operable Unit 5 Record of Decision, Table 9-4
aste placement was initiated in December 1997.
°ND = not detected
NS = not sampled because the system was dry.
"lf there was more than one sample collected per well per constituent per day (e.g., a duplicate sample), then only the maximum sample concentration was included in the table.
Rejected data qualified with either a R or Z were not included.
EMore than one sample was taken at this location per quarter, but the highest result for the quarter is included in the table.
Purging of the well was not performed prior to sample collection; therefore, samples are not considered to be independent.
ere were two samples taken for this quarter at the leachate collection system. There was a high level of variability between the two samples with the lower concentration
being 0.272 mg/L.
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TABLE A.6-2

FREQUENCY AND RANGE OF PREWASTE PLACEMENT? CONSTITUENT DETECTIONS FOR OSDF CELL 2

Great Miami Aquifer®®

Horizontal Till Well>®® (12339) Upgradient (22200) Downgradient (22199)
Number of Samples with Number of Samples with " Number of Samples with
. Detections/Number of " Detections/Number of . Detections/Number of
Constituent (FRL) Samples Range Samples Range Samples Rangef
Total Organic Carbon (NA mg/L) 16/16 0.57t04.22 12/13 ND to 47.6 12/13 1.22t0 51.8
Total Organic Halogens (NA mg/L) 11/16 0.0107 t0 0.0612 6/13 ND to 0.0181 5/13 0.0055 t0 0.0386
Boron (0.33 mg/L) 9/16 0.0317 to 0.0829 113 ND to0 0.158 8/13 0.0398 to 0.0569
Mercury (0.0020 mg/L) 1/15 0.00024 0/13 NA 0/13 NA
Bromodichloromethane (100 ug/L) 1/16 04 0/13 NA 0/13 NA
Technetium-99 (94 pCi/L) 517 4.93t0 12 02 NA 0/13 NA
Total Uranium (20 pg/L) 17/17 1.53t0 3.607 10/13 ND to 1.11 1313 0.259 10 11.826
>
Pnor to November 12, 1998. NA = not applicable %
SProm Operable Unit 5 Record of Decision, Table 9-4 E‘
°If there was more than one sample collected per well per constituent per day (e.g., a duplicate sample), then only the maximum sample concentration was counted. ' ' -
Rejected data qualified with either a R or Z were not included in this count. ", » E
"Purgmg of the well was not performed prior to sample collection; therefore, samples are not considered to be independent. g *p
NA = not applicable PA) > g
ND = not detected 29 2ol
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Coo TABLE A.6-3
’ .;‘c") )
: g 1998 OSDF CELL 2 DETECTED CONSTITUENTS COMPARISON TABLE
‘ . Great Miami Aquifer®*

O . . Leachate Collection System™®° Leak Detection System™® Horizontal Till Well>%&" Upgradient Downgradient®
Constituent (FRL) ) (12339C) (12339D) (12339) (22200) (22199)
Total Organic Carbon (NA mg/L) 2.44 4.23 1.14 1.04 ND
Total Organic Halogens (NA mg/L) 0.0119 0.0205 0.0253 0.124 0.00835
Boron (0.33 mg/L) 0.786 0.904 ND - 0.0642 ND
Total Uranium (20 pg/L) : 17.1 ‘ 7 2.58 015 4.4

Results are for fourth quarter 1998 after waste placement was initiated (after November 12, 1998). NA = not applicable

®Rrom Operable Unit 5 Record of Decision, Table 9-4

°If there was more than one sample collected per well per constituent per day (e.g., a duplicate sample), then only the maximum sample concentration was included in the table.
Re_;ected data qualified with either a R or Z were not included.

“More than one sample was taken at this location for the fourth quarter, but the highest result for the quarter is included in the table.

"Data not considered reliable due to malfunction in the leachate pipeline and the resultant mixing of individual flows.

END = not detected

hPurging of the well was not performed prior to sample collection; therefore, samples are not considered to be independent.
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TABLE A.6-4

FREQUENCY AND RANGE OF BASELINE CONSTITUENT DETECTIONS FOR OSDF CELL 3

Horizontal Till Well™*%* (12340)

Great Miami Aquifer

b,c.e

Upgradient (22203)

Downgradient (22204)

Number of Samples with
Detections/Number of

Number of Samples with

Detections/Number of

Number of Samples with

Detections/Number of

Constituent (FRL)? Samples Range Samples Range Samples Range
Total Organic Carbon (NA mg/L) 5/6 ND to 2.79 3/5 ND to 3.51 3/5 ND to 5
Total Organic Halogens (NA mg/L) 4/6 ND to 0.0384 3/5 ND to 0.0171 2/5 ND to 0.014
Boron (0.33 mg/L) 3/6 ND to 0.0848 . 215 ND to 0.0776 1/5 0.0416
Total Uranium (20 ug/L) 5/6 ‘ ND to9.14 5/5 0.266 to 0.559 5/5 0.481 t0 2.995
“Prom Operable Unit 5 Record of Decision, Table 9-4. NA = not applicable
bIf there was more than one sample collected per well per constituent per day (e.g., a duplicate sample), then only the maximum sample concentration was counted.
“Rejected data qualified with either a R or Z were not included in this count.
dPurging of the well was not performed prior to sample collection; therefore, samples are not considered to be independent.
°ND = not detected '
4
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— FEMP BOUNDARY

OSDF MONITORING WELL
4 IN GREAT MIAMI AQUIFER SCALE

HORIZONTAL

® TILL WELL " 1800 900 O

1800 FEET

FIGURE A.6-1. ON-SITE DISPOSAL FACILITY
FOOTPRINT AND MONITORING WELL LOCATIONS
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APPENDIX B

SUPPLEMENTAL SURFACE WATER AND TREATED EFFLUENT INFORMATION
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LIST OF ACRONYMS

benchmark toxicity value

cubic feet per second

U.S. Department of Energy

U.S. Environmental Protection Agency
Fernald Environmental Management Project
Federal Facilities Compliance Agreement
final remediation level

Integrated Environmental Monitoring Plan
milligrams per kilogram

milligrams per liter

National Pollutant Discharge Elimination System
Ohio Environmental Protection Agency
Waste Pits Remedial Action Project
picoCuries per gram

picoCuries per liter

micrograms per liter
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APPEND>IX B o 2 2 7 2

Appendix B presents additional surface water, treated effluent, and sediment data in support of
Chapter 4 of this 1998 Integrated Site Environmental Report. This appendix consists of two

attachments as follows:

e Attachment B.1 provides further 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.

e Attachment B.2 provides additional details pertaining to the 1998 sediment analytical
results and historical results for comparison purposes.
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SURFACE WATER AND TREATED EFFLUENT

0003777




FEMP-ISER-98-FINAL
“ Appendix B, Att. B.1, Revision 0
May 28, 1999

ATTACHMENT B.1 e 22932
™ .

During 1998 surface water and treated effluent samples were collected under the Integrated
Environmental Monitoring Plan (IEMP) (DOE 1997a) and locations are presented in Figures B.1-1
and B.1-2. The following information is discussed in this attachment:

. Surveillance monitoring (Section B.1.1)

J Federal Facilities Compliance Agreement (FFCA)/Operable Unit 5 Record of Decision
Compliance (Section B.1.2)

° Controlled and Uncontrolled Areas (Section B.1.3).

National Pollutant Discharge Elimination System (NPDES) 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 FEMP 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).

All 1998 data with the exception of the data collected from the sewage treatment plaint (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 samplps are
collected at an internal point prior to the sewage treatment plant treated effluent being discharged to the
Parshall Flume (PF 4001). (Note: during 1998 the sewage treatment plant effluent comprised less
than two percént of the combined effluent discharged to the Great Miami River.) 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.

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 (i.e., outside the mixing
zone). To make a determination of the concentration of each constituent at this point in the Great

000378
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Miami River for comparison to the FRLs, the following calculation was applied to data from the 1

Parshall Flume (PF 4001): 2
Copaonr = [Q1][Carr]+ [Qrr][Crr] z
[(Qro]+ [Orr] s
[
1
where: 3
. 9
Crrico1 = Flow-weighted average concentration outside the mixing zone in the 10
Great Miami River, picoCuries per liter (pCi/L) or milligrams per 1
liter (mg/L) ' 12
13
Qo = 7-day, 10-year low flow, 583 cubic feet per second (cfs) T4
. 15
Comr = Background concentration in Great Miami River from the Remedial 16
Investigation Report for Operable Unit 5 (DOE 1995), pCi/L or mg/L 1
(0 was used when no background concentration was avdilable) 18
19
Qer = Daily flow at Parshall Flume (PF 4001), cfs 20

Cer = Daily concentration at Parshall Flume (PF 4001), pCi/L | ‘
or mg/L 23
24
Note:  In addition, flow conditions at the Hamilton Dam gauge are periodically reviewed to 2
determine if there is a lower flow than the 7-day, 10-year low flow of 583 cfs. The lowest 2
daily flow measured at the Hamilton Dam gauge (if lower than 583 cfs) will be used in the 7
equation to see if an exceedance could potentially occur. 2
29
It is also important to note that several surface water sample locations were dry during 1998, and 0
. therefore there are no analytical data available during these periods. The locations that were dry are as ~  u
follows: August (SWP-02, SWP-03, and SWD-01); September (SWP-02 and SWP-03); October »
(SWP-02, SWP-03, SWD-01, and SWD-02) and November (SWP-03). £
34
B.1.1.1 Evaluation of Constituents Above FRLs for 1998 : A 35
Table B.1-1 lists surface water FRL exceedances at corresponding sample locations and Figure B.1-3 36
shows the locations of these exceedances. The FRL exceedances that occurred in 1998 were generally N
sporadic as indicated by the small number of replicate exceedances and the fact that the exceedances 38
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did not occur at multiple locations during each sampling event. The following are general

| observations: _ | 'w; 2 2 7 2
) -1

. No 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 1998 was 523 cfs. There were also no exceedances identified using this
low flow value in the mixing equation.

. No exceedances occurred at the point where Paddys Run flows off property (SWP-03),
with the exception of one mercury exceedance.

. No exceedances of the surface water FRL for total uranium occurred at any surface
water sample location. Figure B.1-4 shows the total uranium concentrations at
. SWP-03 (Paddys Run at downstream property boundary).

In addition, as noted on Table B.1-1, the copper FRL (0.012 mg/L) exceedances appear to be more
prevalent fhan the remaining FRL exceedances. During 1998 copper was sampled biannually in the
drainages to Paddys Run (STRM 4003, STRM 4004, STRM 4005, and STRM 4006) and during
~overflows of the Storm Water Retention Basin (SWRB 40020) to comply with the NPDES permit. It
was also sampled at other drainages on a more frequent basis. The copper FRL was exceeded in six-
samples during 1998; however, the exceedances were only slightly above the FRL and the copper FRL
was not exceeded at the property boundary location in Paddyé Run during 1998. It is important to note
that the highest copper exceedance during 1998 (0.0273 mg/L) was at the Great Miami River
background location SWR-01 and that there are no significant trends associated with any of the copper
exceedances. Copper exceedances will continue to be monitored as established in the NPDES permit
and in the IEMP to determine their significance.

Chromium FRL (0.010 mg/L) exceedances occurred at four locations, with the highest concentration
(0.0267 mg/L) again being at the Great Miami River background location (SWR-01). The FRL for
chromium is actually associated with hexavalent chromium; however, due to short laboratory holding
times, in most cases total chromium is analyzed rather than hexavalent chromium. Comparing total
chromium concentrations against the hexavalent chromium FRL is conservative because hexavalent —
chromium is a component of total chromium. There are no significant trends associated with the

chromium exceedances.
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The FRL for zinc (0.11 mg/L) was exceeded in only one of the monthly samples collected from the
northeast drainage ditch location SWD-01 during 1998. The zinc exceedance concentration was

0.261 mg/L. However, trend analysis indicates a Down, Significant trend in the data. Recognizing
that a portion of the drainage area (Area 1, Phase I) feeding the northeast drainage has been certified as
meeting soil FRLs specified in the Record of Decision for Remedial Actions at Operable Unit 5, zinc
concentrations in this drainage will continue to be monitored and tracked over time to determine the

significance of these exceedances.

In addition to the exceedances discussed above, there also was an additional exceedance of lead at .the

Great Miami background location SWR-01. This was the only location were a lead FRL exceedance

occurred.

The exceedances of lead, copper, and chromium at the background location suggest that the
background developed during the remedial investigation/feasibility study will need to be revisited.
Although the trend analysis presented in Table B.1-1 does not suggest an increasing trend, the analysis
was performed utilizing data collected from 1997 and 1998. The FRLs were established using the
limited data set from samples collected from 1988 through 1993. It appears that a significant increase
in background concentrations for these constituents may have occurred over the past five years.

Therefore, selected surface water FRLs will need to be re-evaluated.

B.1.1.2 Evaluation of Cross-Media Impacts for 1998

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 from those areas where site drainages have eroded through the protective
glacial overburden (i.e., the Storm Sewer Outfall Ditch and certain reaches of Paddys Run). In areas
where the overburden is absent, a direct pathway exists for contaminants to reach the aquifer. Total
uranium is used as an indicator to evaluate the impact of surface water on the Great Miami Aquifer
because it is the primary contaminant at the site. 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 most likely scenario is that the total uranium concentration (and all other
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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.

2272

As shown in Table B.1-2, the results of the cross-media impact assessment for 1998 'i!ﬁ'dicate occasional

~ exceedances of the groundwater total uranium FRL (20 micrograms per liter [ug/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, and the Storm Water Retention Basin
overflow (SWRB 40020). Figures B.1-5 through B.1-7 present the total uranium concentrations along -
with the results from trend analysis (from Mann-Kendall test for trend) for these locations. Two of
these locations (SWD-02 and 40020) had total uranium groundwater FRL exceedances. However,
based on these exceedances, it is not likely that there were any significant cross-media impacts to the
underlying Great Miami Aquifer. Moreover, trend analysis indicates that there was no significant
trend at either SWP-02 or SWD-02. (There are not enough samples to evaluate trend at the Storm
‘Water Retention Basin.) In addition, it should be noted that the design of the groundwater remediation

systems has accounted for this potential contaminant pathway by installing extraction wells

downgradient of these areas where direct infiltration can occur. No other surface water constituent
concentrations at the three locations exceeded any groundwater FRLs. Surface water monitoring under
the IEMP will continue to focus on assessing the potential for cross-media impacts to the groundwater

pathway throughout the remediation process.

B.1.1.3 Evaluation of Constituents Above BTVs for 1998 A

Based on the results of the BTV screening process presentéd in the approved Sitewide Excavation Plan
(DOE 1998), three constituents (barium, cadmium, and silver) will be evaluated against surface water
BTVs. BTV exceedances for 1998 were limited to three locations (one constituent per each location).
Table B 1-3 lists BTV exceedances at corresponding sample locations and Figure B.1-3 shows the
locations of these exceedances. Only one sample for each constituent exceeded during 1998. These

concentrations were minimally above the BTVs and there were no significant trends.

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 analysis, assess the cross-media impacts, and determine if additional

£ 1000382
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administrative or engineered controls are required to protéct the surface water pathway. At this time 1

no additional controls are warranted. 2
. - . ‘ 3
B.1.2 FECA/OPERABLE UNIT S RECORD OF DECISION COMPLIANCE s
The Operable Unit 5 Record of Decision stipulates compliance with a monthly flow-weighted average s
total uranium concentration of 20 pug/L at the Great Miami River via the Parshall Flume (PF 4001) s
beginning on January 1, 1998. Additionally, the Operable Unit 5 Record of Decision stipulates that 7
the total mass discharged during a year is limited to 600 pounds. During 1998 the Fernald 8
Environmental Management Project (FEMP) monitored total uranium concentrations at the Parshall 9
Flume (PF 4001) on a daily basis to demonstrate compliance with these limitations. )
u
The FEMP was in compliance with the total mass limitation as uranium discharges totaled 216 pounds, 12
which is well below the 600 pound limitation. The FEMP was in compliance with the 20 ug/L 13
limitation every month except July and December. The 20 pg/L limitation was not met during these 14
months due to storm water bypasses experienced during heavy rainfall events as detailed in the
following subsections. ‘

B.1.2.1 Storm Water-related Bypasses 18
The Operable Unit 5 Record of Decision allows the FEMP to directly discharge water collected in the 19
Storm Water Retention Basin to the Great Miami River during periods of "significant precipitation”. 20
These are referred to as bypass events (storm water bypassing treatn}ent directly to the Great Miami 2
River). As noted in Figure B.1-8, the Operable Unit 5 Record of Decision allows the FEMP to 2
eliminate the flow-weighted concentration for these bypass days due to "significant precipitation” (up 2
to 10 days each year) in order to comply with the 20 pg/L total uranium limit. The definition of 24
significant precipitation and the manner in which these days are accounted for in the calculation 25
demonstrating compliance with the 20 pg/L limitation was established in the Operations and 26
Maintenance Master Plan for Aquifer Restoration and Wastewater Treatment Project (Section 3.6.2) n

(DOE 1997b). The Operations and Maintenance Master Plan was approved by the U.S. Environmental 23
Protection Agency (EPA) and the Ohio Environmental Protection Agency (OEPA) in October and “29

- .000383
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November 1997, respectively. In summary, "significant precipitation” bypass days are to be accounted

for as follows: | | : e 2 2 'Z 2

o Each day(s) when bypassing for less than 12 hours occurs is (are) to be countecI only as
necessary to achieve the 20 ug/L monthly average total uranium limit.

. Each day when bypassing for 12 or more hours occurs is to be counted as a full bypass
day.

The flow-weighted concentration and flow rate for each bypass day are eliminated from the calculation

for the month.

Based on the approved definition, the FEMP experienced 14 significant precipitation bypass days of
which only 10 were allowed to be deducted from the calculation during 1998 to comply with the limit.
Table B.1-4 identifies the significant precipitation bypass days and Figure B.1-8 shows that the FEMP
complied with the limit for 10 of the 12 months during 1998 except for July (20.7 ug/L) and December
(23.6 pg/L). Section B.1.2.3 discusses the reasons for these exceedances. Figure B.1-8 shows how
the monthly flow-weighted average concentration at the Parshall Flume (PF 4001) drops as each
allowable bypass day is utilized.

B.1.2.2 Maintenance Related Bypasses
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 uranium
concentration calculation. The FEMP had two such days in December 1998 as identified in

Table B.14 . The Advanced Wastewater Treatment Phase I, Phase II, and Expansion systems were -
shut down on December 18 through December 19 while required maintenance activities were
performed. The south plume interim treatment facility and the interim advanced wastewater treatment
plant remained in full operation treating groundwater during this time. -

However, even with eliminating these days from the calculation for December, the FEMP still
exceeded the 20 pg/L limitation for that month due to the significant precipitation and associated storm
water bypassing.

000384
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B.1.2.3 1998 Exceedances of the 20 pg/L Total Uranium Limitation

This section discusses the circumstances surrounding the two exceedances of the 20 ug/L total uranium

limitation which occurred in July and December 1998.

The limit was not met in July 1998 because the monthly average total uranium concentration was

20.7 ug/L after eliminating the remaining allowable significant precipitation bypass day. According to
the Operable Unit 5 Record of Decision, storm water bypass days exceeding the 10 allowed per year
must be included in the calculation of the monthly average total uranium concentration in water
discharged to the Great Miami River. Although the system was bypassed for four days in July 1998,
only one allowable significant precipitation bypass day could be utilized to calculate the monthly
average uranium concentration for July. For this reason, the remaining three days were included in the

monthly uranium average. (Table B.1-4 presents the details concerning these bypasses.)

The U.S. Department of Energy (DOE) notified the EPA and OEPA of the exceedance in a letter
transmitted on August 6, 1998, (letter [DOE-1063-98], dated August 6, 1998) and identified a
corrective action. Specifically in July 1998, it was determined that the frequency and extent of the
bypasses were caused by both high precipitation and because clean water from construction related
runoff from Cells 2 and 3 of the on-site disposal facility was unnecessarily diverted to the Storm Water
Retention Basin. The duration of the storm water bypass in July was exacerbated because storm water
runoff from the construction of on-site disposal facility Cells 2 and 3 was mistakenly pumped to the
FEMP’s storm sewer system and subsequently delivered to the Storm Water Retention Basin during
this period. These waters did not require treatment because no impacted material had been placed in
Cells 2 and 3. A corrective action was initiated at the end of July to stop any further storm water
flows from Cells 2 and 3 in order to ensure that the Storm Water Retention Basin’s design capacity
would not be exceeded according to the August 6, 1998 letter referenced above.

The average concentration for December was 23.6 pg/L after eliminating from the monthly average
those concentrations oﬁerved during the two bypass days associated with treatment plant maintenance.
Since the 10 allowable significant precipitation days had occurred by July, the discharge' concentration
from the one significant precipitation bypass day experiencéd in December 1998 was included in the
monthly average total uranium calculation. Further discussions of the events leading to the December

concentration limit exceedance were presented in a facsimile (letter [SWP(ARWWP):99-0003], dated
000385 '
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February 1, 1999, from Fluor Daniel Fernald to EPA and OEPA). (Table B.1-4 presents the details
concerning these bypasses.)

5 ~_ 2272
The December 1998 bypass event was largely due to not having completely implemented corrective
actions discussed with the EPA and OEPA in October 1998. Corrective actions discussed at this
meeting consisted of operational changes that were summarized in a facsimile (letter
[SWP(ARWWP):99-0001], dated January 11, 1999, from Fluor Daniel Fernald to EPA and OEPA)

and include:

e  Operating the Storm Water Retention Basin as a detention basin rather than a retention
basin, thereby allowing flow to be pumped from the basin while it fills as opposed to
waiting until after a storm event ends

° Maximizing the Storm Water Retention Basin capacity by operating the basins at the
lowest possible level

° Raising the level at which storm water bypassing to the river begins and ends by
one foot

e  Stop pumping the storm water from the Southern Waste Unit Basins to the Storm
Water Retention Basin when the water levels are such that the east and west chambers
of the Storm Water Retention Basin become common. Pumping from the Southern

. Waste Unit Basins is not to resume until the water levels in the basins are such that the
chambers of the Storm Water Retention Basin can be differentiated.

Some of these operational changes were largely initiated during the fourth quarter of 1998. The
significant precipitation bypass on December 21 through 23, 1998, was due in part to not having fully
implemented all of the changes identified above. Specifically, storm water from the Southern Waste
Unit Basins continued to be sent to the Storm Water Retention Basin after the above noted "stop
pumping” level had been reached. The bypass probably could not have been completely avoided'

because of the heavy rainfall. Nonetheless, it is likely that the duration of the bypass event would have

been shortened if the flow of storm water from the Southern Waste Unit Basins had been curtailed
prior to bypassing. It is important to note that after this bypass occurred, the operational modification
identified above pertaining to the southern waste units was implemented. In addition, it was identified
to EPA and OEPA during a conference call on December 22, 1998, that a number of groundwater
extraction wells were shut down and the aquifer re-injection water (treated gro'undWatcr) was re-routed
in an effort to mitigate the high total uranium concentrations from the Storm Water Retention Basin

bypass event.
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Additional discussions continue with EPA and OEPA to status the effectiveness and implementation of
the operational changes. Corrective actions that have resulted from these discussions will continue to
be reported through IEMP reports and will also be documented in the revised Operations and
Maintenance Master Plan for the Aquifer Restoration and Wastewater Treatment Project to be issued in

Spring 1999.

B.1.3 CONTROLLED AND UNCONTROLLED AREAS

There were a number of acres, previously uncontrolled, that were added to the FEMP controlled storm
water system in 1998 (Figure B.1-9). These areas included Cells 1 and 2 of the on-site disposal |
facility, the southern waste units excavation area, and the Waste Pits Remedial Action Project
(WPRAP) facility area. These changes added approximately 50.5 acres of previously uncontrolled area
to the controlled storm sewer system. The following identifies for each specific area where storm
water runoff is collected, how it is controlled, the reason why the area is now controlled, and the

amount of area controlled:

o Storm water runoff associated with Cells 1 and 2 of the on-site disposal facility are
collected by the leachate collection system and is sent to the Bio-Surge Lagoon and
then to the advanced wastewater treatment facility. This area is controlled because
waste placement is occurring within both of these cells, although, waste placement was
not initiated until the latter part of 1998 for Cell 2. Thus, storm water runoff from
Cell 2 was controlled before it was necessary (as discussed in Section B.1.2.3). The
area controlled is seven acres per cell for a total of 14 acres.

. Storm water runoff associated with the southern waste units is collected by three
engineered basins which became operational in July 1998. The water from these
basins is transferred to the Storm Water Retention Basin-and then to the advanced
wastewater treatment facility. This area is controlled due to the excavation of
contaminated soil and waste material. The area controlled is 26 acres.

o Storm water runoff associated with the WPRAP facility area is collected by the Storm
Water Management Pond and is then sent to the Bio-Surge Lagoon and then to the
advanced wastewater treatment facility. This area is controlled due to the construction
activities and anticipated excavation activities in the Operable Unit 1 area. The area

- controlled is 10.5 acres. It is important to note that DOE has initiated negotiations
with OEPA concérning acceptable sampling strategies and pollutant thresholds below
which pumping the Storm Water Management Pond directly to Paddys Run would be
acceptable. '

The areas that are controlled/uncontrolled is expected to continue to change throughout remediation
because areas with potential contamination will be added to the controlled system and areas that have
been remediated will be removed from the controlled system. This information will continue to be

provided in IEMP reports. -
. 0C0C8Y
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TABLE B.1-1

SUMMARY STATISTICS AND TREND ANALYSIS FOR CONSTITUENTS
WITH 1998 RESULTS ABOVE FINAL REMEDIATION LEVELS

No. of Samples

No. of Samples No. of Samples

INJOY:L 6661 ‘9T ASPNAIM T8 LLVSG\THOV.LIV\G-ddV\NNV-JNAINIHL

for 1997 and  Above FRL for  Above FRL FRLY  Min®®®f Max.Bo%f AvgPoef gpbecfs
Lodation” Constituent 1998"¢ 1997 and 1998°° _ for 1998>° (mg/L) {mg/L) (ng/L)  (mg/L)  (mg/L) Trend”*>08
SWR-01 Chromium 6 1 1 0.010" 0.0013 0.0267  0.0066 0.010  No Significant Trend
](;zek";‘rz‘uf:)“ River Copper 12 2 2 0.012 0.0043  0.0273 0011  0.0082 No Significant Trend
Lead 6 1 1 0.01 0.0008 0.0222 0.005 0.008  No Significant Trend

SWP-02 Chromium 13 2 1 0.010" 0.0003 0.181 0.016 0.05  No Significant Trend
(Paddys Run) Copper 13 2 1 0.012 0.0011 0.269 0.024 0.074 __ No Significant Trend_
SWP-03 Mercury 1 1 1 0.0002  0.000015  0.00027 0.000067 0.000068 No Significant Trend
(Paddys Run at Downstream
Property Boundary)
SWD-01 ’ Zinc 15 4 1 0.11 0.0089 0.366 0.10 0.12 Down, Significant
(Northeast Drainage)
SWD-03 Copper 16 1 1 0.012 0.0007 0.0259 0.0033 0.006  No Significant Trend
(Waste Storage Area)

o SWRB 40020 Chromium 3 1 1 0.010" 0.003 0.0128 0.007 NA NA

<. (Storm Water Retenti ' '

o ; a:iimmea;;:w) enion  copper 3 2 1 0.012 0.0116 00156  0.0131 NA NA

"~ STRM 4004 Chromium 4 2 1 0.010" 0.003 0.0288 0.012 0.012  No Significant Trend
(Paddys Run Drainage Ditch
Near Inactive Flyash Pile) ~ COPper 4 3 1 0.012 0.0081 0.0293 0.017°  0.0088  No Significant Trend

®Refer to Rigure B.1-3

®If more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of samples, and the sample
¢ with the maximum concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation [SD]), Mann-Kendall test for trend, and in

determining FRL exceedances.

“Rejected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend.

‘From Operable Unit 5 Record of Decision, Table 9-5

B

Cb °If the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the number of samples is equal to

three, then the minimum, maximum, and average are reported If the number of samples is equal to two, then the minimum and maximum are reported. If the number of samples

m xs equal to one, then the data point is reported as the minimum.

*Por 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.

l‘NA = not applicable

RERL based on hexavalent chromium, from Operable Unit 5 Record of Decision, Table 9-5; however, the sampling results are for total chromium.
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TABLE B.1-2

682000

SUMMARY STATISTICS AND TREND ANALYSIS OF 1998 TOTAL URANIUM
GROUNDWATER FINAL REMEDIATION LEVELS EXCEEDANCE FOR CROSS-MEDIA IMPACTS®

No. of Samples No. of Samples No. of Samples
for 1997 and Above FRL for Above FRL  Min.®®*f8 Max ®4f8  pygodefe  gpadefe

Location” 1998?1997 and 1998™® _ for 19984 (up/L) (ug/L) (ug/L) (ug/L) Trend®&08
SWD-02 16 7 5 0.599 73 23 18 No Significant Trend
(Storm Sewer Outfall Ditch) _

SWRB 40020 3 3 2 104 314 196 NA NA

(Storm Water Retention Basin :

Overflow)

Groundwater total uranium FRL is 20 ug/L.
®Refer to Figure B.1-1 for sample locations
“If more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of
samples, and the sample with the maximum concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation
SD]) and in determining FRL exceedances.

ejected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend.
°If the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the number of
samples is equal to three, then the minimum, maximum, and average are reported. If the number of samples is equal to two, then the minimum and maximum
gre reported. If the number of samples is equal to one, then the data point is reported as the minimum.
'Ror 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.
ENA = not applicable
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TABLE B.1-3

SUMMARY STATISTICS AND TREND ANALYSIS FOR CONSTITUENTS WITH
1998 RESULTS ABOVE BENCHMARK TOXICITY VALUE

No. of Samples No. of Samples  No. of Samples
_ for 1997and  Above BTV for  Above BTV BTV Min.""%® Max.>>%® Avgbeode gpbeode .
Location® Constituent ~ 1998™° - 1997 and 1998™°  for 1998>° (mgl) (mgl) (@mgll) (mgl) (mgl) Trend™*%*

SWR-01 Barium 6 1 1 0.145 0.0823 0.172 0.106  0.0335 No Significant Trend
(Great Miami River ' ‘
Background)

SWP-02 Cadmium 13 _ 2 1 0.0035 ©  0.00005  0.0105  0.0013  0.003 No Significant Trend
(Paddys Run)

STRM 4004 Silver -4 : 1 1 0.0013  0.00045 0.005 0.0025  0.002 No Significant Trend
(Paddys Run Drainage Ditch
Near Inactive Flyash Pile

®Refer to Figure B.1-3
®If more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of
samples, and the sample with the maximum concentration is used for determining the summary statistics (minimum, maximum, -average, and standard deviation
[SD}]) and in determining BTV exceedances.
°Re_|ected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend.

_ %If the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the mumber of
samples is equal to three, then the minimum, maximum, and average are reported. If the number of samples is equal to two, then the minimum and maximum
are reported. If the number of samples is equal to one, then the data point is reported as the minimum.
°For results where the concentrations are below the detection limit, the results used in the sunmary statistics and Mann-Kendall test for trend are each set at half
the detection limit.
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TABLE B.14

1998 STORM WATER RETENTION BASIN OVERFLOWS AND TREATMENT BYPASS EVENTS

Number Cumulative Total Uranium

Duration  of Bypass Number of Discharged Total Water Discharged
BEvent (hours) Days®®  Bypass Days® (pounds) (millions of gallons)
Overflows (to Paddys Run) (to Paddys Run)
April 16 15.9 NA NA 1.99 1.39
July 20 8.25 NA NA 0.48 0.55
Significant Precipitation Bypasses (to Great Miami  (to Great Miami River)

River) ,

January 7 through Jamary 9 53.8 2 2 7.82 3.19
April 16 through April 19 76.8 3 5 9.78 6.09
June 11 through June 14 80.0 3 8 11.16 572
_June 16 through June 17 22.8 0 8 2.48 1.43
June 19 through June 20 24.0 1 9 3.17 2.01
July 20 through July 23 83.8 4° 13 6.45 6.17
December 21 through December 23 34.7 1¢ 14 4.92 2.04
Treatment Plant Maintenance
Bypasses
December 18 through December 19 43.0 2 2 3.81 9.75

“Days are counted according to the definition provided in the Operations and Maintepance Master Plan for the Aquifer
Restoration and Wastewater Treatment Project.

’NA = not applicable

“The duration of the storm water bypass for this event was exacerbated because storm water runoff from the construction of

-on-site disposal facility Cells 2 and 3 was mistakenly pumped to the site’s storm sewer system and subsequently delivered to

the Storm Water Retention Basin during this period. These waters did not require treatment because no impacted material had
been placed in Cells 2 and 3. A corrective action was initiated in the third quarter of 1998 to stop any further storm water
runoff from on-site disposal facility Cells 2 and 3 prior to waste placement.

e significant precipitation bypass on December 21 through December 23, 1998, was due in part to storm water from the
southern waste units which contimed to be sent to the Storm Water Retention Basin after the bypass event had been initiated.

000291
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Note: The surface water FRL for total uranium is 530 ug/L.
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Note: The surface water FRL for total uranium is 530 ug/L.
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ATTACHMENT B.2 - 2 2 rz 2
L V% -
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 1998 marked the first year for implementing the sediment monitoring program contained in the
IEMP. The sediment sample locations and analytical suite were comparable to previous years’

sampling programs specified in the Environmental Monitoring Plan (FERMCO 1995).

Table B.2-1 summarizes the results of the 1998 sediment monitoring program. Figure B.2-1 identifies
each sediment sample location. Analytical results of samples collected from the Storm Sewer Outfall
Ditch, Paddys Run, and the Great Miami River were below the FRL for total uranium, isotopic ‘

thorium, and radium-226.

In general, the 1998 sample results indicate a decrease in concentrations from the samples collected

‘ from 1990 through 1997. Total uranium results for 1998 from Paddys Run were within the range of
background levels. The average total uranium concentration in the Storm Sewer Outfall Ditch is
slightly above background levels, but well below the FRL. Figures B.2-2 through B.2-6 present
sediment data trends.

The overall 1998 analytical results indicate a decrease in concentrations compared to previous years.
All sediment locations sampled in 1998 had results below the FRLs, whereas, one location sampled in
1997 slightly exceeded the thorium-232. Monitoring will continue to identify adverse impacts to the

sediment pathway as remediation activities occur.

000403~
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TABLE B.2-1
SUMMARY STATISTICS FOR SEDIMENT MONITORING PROGRAM

with the maximum concentration is used for determining the summary statistics (minimum, maximum, and average).

PIf the number of samples is greater than or equal to three, then the minimum, maximum, and average are reported. If the number of samples is equal
to two, then the minimum and maximum are reported. If the number of samples is equal to one, then the result is reported as the minimum.

°NA = not applicable

1998 Results - Concentration (dry weight) 1997 Results 1990 - 1996 Results
No.of .  Minimum*®>® Maximum™®>* Average™>® No.of  Minimum®®® Maximum®®>® Average™®® Minimum®>®  Maximum®®©

Radionuclide Samples" pCi/g  (mg/kg) pCilg  (mglkg) pCi/g  (mg/kg)] Samples® pCi/g  (mg/kg) pCig  (mgl/kg) pCilg  (mg/kg) | pCilg (mg/kg) pCilg (mg/ke)
Great Miami River, North of the Effluent Line .
Uranium, Total 1 0.70 _ (1.04) NA NA NA NA 1 1.3 (1.9 NA NA NA NA 0.50 (0.74) 1.8 2.7
Great Miami River, South of the Effluent Line ’
Uranium, Total 3 0.46  (0.68) .13 (1.79) 0.83 (1.2) 4 1.0 (1.5 12 (1.8) 1.1 _(1.6) 0.30 (0.44) 2.6 (3.8
Paddys Run Background, North of S.R. 126
Radium-226 1 0.57 NA NA NA NA NA 1 048 NA NA NA NA NA 000 NA 14 NA
Thorium-228 1 036 NA NA NA NA NA 1 041 NA NA NA NA NA 0.15 NA 12 NA
Thorium-230 1 0.48 NA NA NA NA NA 1 0.58 NA NA NA NA NA 022 NA 19 NA
Thorium-232 1 042 NA NA NA NA NA 1 0.34 NA NA NA NA NA 0.15 NA 1.1 NA
Uranium, Total 1 0.78  (1.2) NA NA NA NA 1 0.67 (1.0 NA NA NA NA 041 (61) 28 (4.1
Paddys Run, North of the Storm Sewer Outfall Ditch .
Radium-226 5 040 NA 0.52 NA 047 NA 5 0.54 NA 1.0 NA 078 NA ‘0.00 NA 3.7 NA
Thorium-228 5 0.33 NA 037 NA 034 NA 5 0.31 NA 047 NA 041 NA- 025 NA 5.1 NA
Thorium-230 5 028 NA 0.67 NA 0.54 NA 5 047 NA 0.65 NA 0.58 NA 0.08 NA 9.8 NA
Thorium-232 5 024 NA 045 NA 035 NA 5 025 NA 043 NA 0.34 NA 0.19 NA 54 NA
Uranium, Total 5 0.66  (0.97) 126 (1.9) 0.89 (1.3) 5 0.77__(L.) 1.1 47D 077 (1.1) ] 0.55 (0.81) 8.7 (13)
Storm Sewer Outfall Ditch

" Radium-226 5 046 NA 0.52 NA 048 NA 5 041 NA 0.98 NA 0.65 NA 0.00 NA 14 NA
Thorium-228 5 024 NA 0.39 NA 0.30 NA 5 031 NA = 1.8 NA 0.76 NA 0.05 NA 1.9 NA
Thorium-230 5 049 NA 0.85 NA 0.64 NA 5 053 NA 1.7 NA 090 NA 0.02 NA 40 NA
Thorium-232 5 022 NA 041 NA 029 NA 5 021 NA 16 NA 0.64 NA 001 NA 2.1 NA
Uranium, Total 5 1.04 (1.5) 1.71  (2.5) 1.33  (2.0) 5 0.93 (1.9 9.1 (14 34 (5.1 041 (0.61) 16  (23)
Paddys Run, South of the Storm Sewer Outfall Ditch . Z
Uranium, Total 5 0.67 _ (0.99) 1.16 _ (1.7) 0.88  (1.3) 6 0.68 (1.0) 12 (1.8) 094 (14 J055 (©81) 30 (44 :

FRLs mg/kg pCilg E

Radium-226 | - 2.9 g
Thorium-228 ' - 32 4
Thorium-230 . 18000 g
Thorium-232 - 1.6 Ee
Uranium, Total 210 - &2 5
*If more than one sample is collected per sample location (e.g., split or duplicate), then only one sample is counted for the number of samples, and the sample § 'Z, ﬁ
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Note: The sediment BTV for radium-226 is 580,000 pCi/g.

The sediment FRL for radium-226 is 2.9 pCilG.

| | | | ' | | 1 |
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Sample Date (year) .

—— Great Miami River South
—&— Paddys Run North
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—&— Paddys Run (Background)

FIGURE B.2-2. RADIUM-226 CONCENTRATION VS. TIME PLOT FOR SEDIMENT -
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Note: The sediment BTV for thorium-228 is 4,900,000 pCi/g.

The sediment FRL for thorium-228 is 3.2 pCi/G.
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. TIME PLOT FOR SEDIMENT




S0P000 -,
N

pCi/g (dry weight)
N

Note: The sediment FRL for thorium-230 is 18,000 pCi/g and the BTV is 29,000,000 pCi/g.
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FIGURE B.2-4. THORIUM-230 CONCENTRATION VS. TIME PLOT FOR SEDIMENT




pCi/g (dry weight)
N

605000

Note: The sediment BTV for thorium-232 is 8,000,000 pCi/g.

The sediment FRL for thorium-232 is 1.6 pCi/G.
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FIGURE B.2-5. THORIUM-232 CONCENTRATION VS. TIME PLOT FOR SEDIMENT
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Note: The sediment BTV for total uranium is 210 mg/kg.
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LIST OF ACRONYMS :” ] 2 2 7 2
AMS air monitoring station ‘
°C Centigrade
cm centimeters
DOE U.S. Department of Energy
°F Fahrenheit
FEMP Fernald Environmental Management Project
IEMP Integrated Environmental Monitoring Plan
in inches
kph kilometers per hour
mph miles per hour
mrem millirem
mSv . milli Sievert
pCV/L picoCuries per liter
pCi/m® - picoCuries per cubic meter
TLD thermoluminescent dosimeter
ug/m? micrograms per cubic meter
000414
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APPENDIX C _ 2272

Appendix C presents additional air monitoring data and analysis in support of Chapter 5 of the

1998 Integrated Site Environmental Report. This appendix consists of four attachments as follows:

Attachment C.1 provides the results of the radiological air particulate monitoring
program, including an assessment of 1998 results with respect to historical data, and
provides concentration versus time plots of the total uranium and total particulate data
for 1998. '

Attachment C.2 provides the results of the radon monitoring program, including an
assessment of radon data relative to alpha track-etch cups and 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 1998 data.

Attachment C.3 provides the results of the direct radiation monitoring program
including an assessment of 1998 results with respect to historical data.

Attachment C.4 provides a sunimary of the meteorological data measured at the site
during 1998.

FB(\M—ANNMPPMAPPC.W\MW 26, 1999 9:05pm C'l 0004 15
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ATTACHMENT C.1 w 2272
e “

Appendix C.1 provides a detailed discussion of the radiological air particulate data for 1998: This
information is used to assess the emissions of uranium, thorium, and radium from the Fernald

Environmental Monitoring Project (FEMP) to the surrounding environment.

In 1998 the FEMP operatéd 18 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. Figure C.1-1 provides the location of air monitoring stations during 1998.

Table C.1-1 provides an operational summary for air monitoring stations in 1998. On average, the
fenceline air monitors operated 98.7 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 create short periods of downtime for each monitor
throughout the year and typically result in operation times of less than 100 percent.

During 1998 AMS-24 was relocated approxiinaiely 330 feet due east of its original location in order to
address nearby‘ property owner concerns regarding noise and electrical interferences. The air
monitoring station was out of service between March 31 and April 3, 1998, due to this relocation.

However, the monitor was still operational for more than 95 percent of the time for the year.

Air filters were exchanged every two weeks at all the monitoring locations during 1998. The filters
. were analyzed for total uranium and total particulates. The results of the biweekly total uranium
analyses are summarized in Table C.1-2. Results from biweekly total particulate monitoring are
summarized in Table C.1-3. Figures C.1-2 through C.1-20 provide graphical information on the total

uranium and total particulate concentrations measured at each monitor during 1998.

The results for air monitoring in 1998 were consistent with the previous year’s data and historical
ranges. Temporary increases in total uranium and total particulate concentrations were observed along
the eastern fenceline in August, September, and early October. These temporary increases were
particularly evident at AMS-3, AMS-8A, AMS-9C, and STP-1 and are attributed to heightened levels

of construction activities at the on-site disposal facility during this period.

FERVEMP-ANNVAPP-C\ATTACHI9BATT-C-IWPD\May 26, 1999 9:02PM C.1-1
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An aliquot of each biweekly filter was maintained to provide a quarterly composite sample to be i

~ analyzed for isotopes of uranium, thorium, and radium-226. The annual average radionuclide 2
concentrations were calculated from the quarterly composite sample data and are presented in 3
Table C.1-4. The results indicate the radionuclide concentrations are well below the DOE guidelines. 4

S
All air monitoring data are reviewed and evaluated. The data evaluation focuses on tracking and 6
trending data compared with historical data. Included in the evaluation is a review of the quality 7
control measures utilized in the analysis of the samples. As a result of this data review process, some 8
1998 quarterly composite data were found to be suspect or rejected, as detailed below. 9
. .10
. As noted in the Integrated Environmental Monitoring Status Report for Second u
, Quarter 1998 (DOE 1998a), evaluation of the analytical data associated with the 12
: second quarter AMS-25 composite sample indicated that the off-site laboratory 13
experienced difficulties during the thorium analysis which may have contributed to 14
unusually high thorium results. Specifically, the laboratory encountered reoccurring 15
interferences during the thorium analysis resulting in low tracer recoveries. In 16
adjusting the data for the low tracer recoveries, the thorium results may have been
biased high, especially the thorium-230 results. While the thorium-230 data were not ‘
rejected through the validation process, they were qualified as "tentatively identified”
indicating limited confidence in the results. The anomalously high second quarter 2
thorium results are the reason thorium was the major contributor to annual dose at 21
AMS-25. P2}
23
. An unusually high radium-226 analytical result for the third quarter 1998 was detected 2
at background monitor AMS-16. This data point was rejected because it was not 2
considered reasonable based on historical background radium-226 levels. The use of 2
this unusually high background data-would have created a low bias in the net fenceline 7
radium-226 results. 2
. 29
. During the data review and validation process, the following fourth quarter 1998 data 30
were rejected based on performance problems with the off-site laboratory: : 31
: . 32
AMS-2: Isotopic thorium data were rejected due to low chemical recoveries. £
k2]
AMS-8A: Isotopic thorium data were rejected due to low chemical recoveries. 35
36
AMS-12: Isotopic uranium and isotopic thorium data from this background monitor were 3
rejected due to low chemical recoveries. 38

39

0004%0
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Evaluation of Isotopic Dose Contributions from FEMP Airborne Emissions ?‘r,, 2 2 7 2

-

Historically, uranium is the major contributor to the air inhalation dose from FEMP emissions.
Uranium typically contributes greater than 62 percent of the effective dose equivalent based on an
evaluation of monitoring results from 1990 through 1997 (post production era). In 1998 uranium
isotopes (uranium-234, uranium-235/236, and uranium-238) contributed an average of 76 percent of
the dose at the fenceline, while radium-226 contributed an average of 16 percent, and thorium isotopes
(thorium-228, fhorium-230, and thorium-232) contributed an average of eight percent. Figures C.1-21
through C.1-23 illustrate the percentage contribution to dose from uranium, thorium, and radium-226
at each fenceline and background monitor. To improve the presentation of information in Figures
C.1-21 through C.1-23, only contributions from uranium, thorium, and radium are shown.
Contributions from 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.

The three highest fenceline doses were reported at AMS-3, AMS-8A, and AMS-9C (0.25, 0.17, and
0.26 millirem [mrem], respectively). Based on wind patterns in 1998, and the location of remediation
activities, these monitoring locations are positioned downwind of most remediation activities. The
average uranium contribution from these three monitors was 85 percent. Thorium represents eight
percent, radium-226 represents six percent, while the remainder represents less than one percent of the

dose contribution.

Non-typical air emission data were observed at monitors AMS-24 and AMS-25 during 1998. Based on
* annual wind patterns, these monitors are located upwind, therefore they are not expected to provide
data which are representative of site emissions. Thorium isotopes contributed 41 and 65 percent of the
annual dose components at AMS-24 and AMS-25, respectively. As noted in the Integrated
Environmental Monitorihg Status Report for Second Quarter 1998, an evaluation of the analytical data
associated with the second quarter AMS-25 éomposite sample indicated that the off-site laboratory
experienced difficulties during the thorium analysis which may have contributed to unusually high
thorium results. Specifically, the laboratory encountered reoccurring interferences during the thdrium
analysis resulting in low tracer recoveries. In adjusting the data for the low tracer recoveries, the

thorium resuits may have been biased high, especially the thorium-230 results. Whlle the thorium-230

FERUEMP-ANNMAPP-C\ATTACHI\9SATT-C-1WPD\May 26, 1999 9;02PM C . 1'3 O ngéz 1
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- data were not réjected through the validation process, they were qualified as "tentatively identified” 1

indicating limited confidence in the results. The anomalously high second quarter thorium results are 2
the reason thorium was the major contributor to annual dose at AMS-25. - 3

4
Because uranium continues to be the major contributor to dose from FEMP airborne emissions, 5
biweekly uranium measurements remain an effective indicator of air emission patterns at the FEMP. 6
The biweekly tracking will continue to be reported in IEMP quarterly status reports. 7

‘s
In late June 1998, project-specific environmental radiological air monitoring for the dismantlement of 9
the sewage treatment plant complex began. This monitoring program, consisting of biweekly total - 10

uranium and total particulate measurements, is conducted under the Sewage Treatment Plant Complex 1

Implementation Plan for Above-Grade Decontamination and Dismantlement (DOE 1998b). The 1
project-specific air monitor, STP-1, was installed just south of the sewage treatment plant, between 13
AMS-3 and AMS-29 (refer to Figure C.1-1). 14

000422
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TABLE C.1-1 |
OPERATIONAL SUMMARY FOR AIR PARTICULATE MONITORING STATIONS IN 1998
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P~
.V

Number of Sample Last Sample Operating Percent
Location Samples Start Date Collection Date Time (hours) of Operation
'Fenceline | '
AMS-2 26 12/30/97 12/29/98 8634 98.8
AMS-3 26 12/30/97 12/29/98 8483 97.1
AMS4 26 12/30/97 12/29/98 8610 98.6
AMS-5 26 12/30/97 12/29/98 8734 100
AMS-6 26 12/30/97 12/29/98 8627 -98.7
AMS-7 26 12/30/97 12/29/98 8704 99.6
AMS-8A 26 12/30/97 12/29/98 8666 99.2
AMS-9C 26, 12/30/97 12/29/98 8597 98.4
AMS-22 26 12/30/97 12/29/98 8674 99.3
AMS-23 26 12/30/97 12/29/98 8669 99.2
AMS-24 26 12/30/97 12/29/98 8591 98.3
AMS-25 26 12/30/97 12/29/98 8506 97.4
AMS-26 26 12/30/97 12/29/98 8719 99.8
AMS-27 25 12/30/97 12/29/98 8313 95.2
AMS-28 26 12/30/97 12/29/98 8713 99.7
AMS-29 26 12/30/97 | 12/29/98 8685 99.4
Background
AMS-12 26 12/30/97 12/29/98 8599 98.4
AMS-16 26 12/30/97 12/29/98 8609 98.5
Project-Specific
STP-1 14 '6/23/98 12/29/98 4399 97.0
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TABLE C.1-2

TOTAL URANIUM PARTICULATE CONCENTRATIONS IN AIR

1990 through 1996

Summary of 1998 Resuits® Summary of 1997 Results®*¢ Summar;/ Results®*4
(pCi/m® x 1E-06) (pCi/m3 x 1E-06) (pCi/m” x 1E-06)
No. of No. of

Location® Samples Min. Max. Avg. Samples Min. Max. Avg. Min. Max.

Fenceline

AMS-2 26 11 168 62 28 0 247 51 0 3500

AMS-3 26 27 760 202 28 2.5 1167 186 0 17000

AMS-4 26 7.7 78 32 28 0 257 33 0 2300

AMS-5 26 0 118 42 28 0 220 27 0 4400

AMS-6 26 2.7 235 47 28 5.0 140 42 0 3200

AMS-7 26 24 105 36 28 0 146 36 0 7800

AMS-8A ' 26 7.9 338 116 28 10 234 82 13 900

AMS-9C* ' 26 5.7 562 129 28 0 431 111 NA NA

AMS-22f 26 3.0 101 34 6 0 29 14 NA NA

AMS-23f ' 26 9.0 194 44 6 9.8 53 29 NA NA

AMS-24 26 0 65 28 1 106 NA NA NA NA

AMS-25' 26 0 79 30 6 6.7 30 19 NA NA

AMS-26" 26 0 98 40 6 0 41 19 NA NA

AMS27' 258 53 64 31 6 0 30 20 NA NA

AMS-28' 26 2.6 216 30 6 0 29 13 NA NA

AMS-29' ' 26 2.6 121 45 6 0 76 29 NA NA

Background _g
AMS-12 26 0 107 . 14 28 0 29 8.1 0 480 B
AMS-16 26 0 35 18 28 0 106 19 0 350 ;':'-
Project-Specific® 0
STP-1 14 38 891 301 NA NA NA NA NA NA g

. i} n

*See Figure C.1-1 N
®For blank corrected concentrations less than or equal to 0.0 pCi/m’, the concentration is set at 0.0 pCi/m’. ® =
:If the total numper of samples is equal to one, then the data point is reported as the minimum. % g'
NA = not applicable 8o

“Summary results for 1997 include AMS-9B/C data.

fAMS location was not in operation prior to 1997.

0ne data point was not obtained due to a damaged filter.
Project-specific monitor was not in operaton prior to 1997,

‘ . . ‘
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TABLE C.1-3
227 2

TOTAL PARTICULATE CONCENTRATIONS IN AIR m -

1990 through 1996

Summary of 1998 Results . Summary of 1997 Results™® Summary Resultsb
(ug/m ) (#g/in ) (gg/m )
Location” No. of Samples Min. Max. Avg. No. of Samples Min. Max. Avg. Min. Max.
Fenceline ' o
AMS-2 255 14 49 30 28 16 77 31 7 67
AMS-3 26 13 52 32 28 17 159 39 8 128
AMS-4 26 16 79 37 28 14 51 30 13 69
AMS-5 26 9.6 54 30 28 11 42 28 12 62
AMS-6 26 16 54 33 28 8 53 29 8 69
AMS-7 26 6.8 60 33 27 24 55 34 13 . 76
AMS-8A 26 13 64 34 28 18 89 35 19 53
AMS-9Cd .26 15 65 36 28 71 136 42 NA ~ NA
AMS—22 26 13 57 34 6 21 30 27 NA NA
AMS-23 26 15 51 30 6 22 28 25 NA NA
AMS-24f 26 . 18 79 42 1 74 NA NA NA NA
AMS-25 26 21 69 40 6 26 40 33 NA NA
AMS-26f 26 15 51 31 6 20 23 22 NA NA
AMS-27 26 24 86 46 6 33 49 38 NA NA
AMS-28f 26 12 49 28 6 16 30 19 NA NA
‘ AMS-29" 26 11 62 32 6 19 30 25 NA NA
Background .
AMS-12 26 12 47 28 14 18 41 27 6 416
AMS-16 26 18 84 50 14 . 27 79 46 22 59
Project-Specific® ‘
STP-1. 14 25 93 43 NA NA NA NA NA NA

2See Figure C.1-1

YIf the total number of samples is equal to one, then the data point is reported as the minimum.
°One data point was not obtained due to a damaged filter.

Summary results for 1997 include AMS-9B/C data.

°NA = not applicable

TAMS location was not in operation prior to 1997.

EProject-specific monitor was not in operation prior to 1997.

Vet g
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RADIONUCLIDES IN AIR DURING 1998

TABLE C.1-4

Gross
Concentrations
(pCi/m®)
Uranium-235/
Location®  Uranium-238 Uranium-234 Uranium-236 Thorium-228 Thorium-230 Thorium-232 Radium-226 Thorium-234" Radium-228° Actinium-228> Radium-224® Thorium-231°
Fenceline ’ )
AMS-2 4.6E - 05 4.1E-05 1.7E - 05 62E-06 7.2E-06 4.5E - 06 8.3E - 06 46E-05  4.5E-06 4.5E - 06 4.5E- 06 1.7E - 05
AMS-3 9.6E - 05 9.7E - 05 7.7E- 06 92E-06  1.2E-05 8.5E- 06 1.5E - 05 9.6E-05  8.5E-06 8.5E - 06 8.5E - 06 7.7E - 06
AMS4 2.0E - 05 1.7B - 05 2.6E-07 82E-06  1.0E-05 6.5E - 06 8.6E - 06 20E-05  6.5E-06 6.5E - 06 6.5E- 06 2.6E - 07
AMS-5 2.5E - 05 25E-05  4.8E-06 81E-06 1.IE-05 6.4E - 06 7.8E - 06 25E-05  6.4E-06 6.4E - 06 6.4E - 06 4.8E - 06
AMS-6 2.8E - 05 2.7E - 05 2.4E - 06 7.58-06  9.5E-06 6.3E - 06 9.1E - 06 28E-05  6.3E-06 6.3E - 06 6.3E- 06 2.4E - 06
AMS-7 2.3E- 0§ 2.3E - 05 1.8E - 06 74E-06  8.1E-06 7.0E - 06 9.8 - 06 23E-05  7.0E-06 7.0E - 06 7.0E - 06 1.8E-06
AMS-8A 7.3E-05 7.4E - 05 7.2E- 06 53E-06  7.6E-06 S.4E - 06 9.4E - 06 73E-05  S5.4E-06 5.4E - 06 S.4E - 06 7.2E - 06
AMS-9C 8.8E - 05 8.2E - 05 1.3E - 05 13E-05  1.3E-05 1.IE - 05 5.3E - 06 88E-05  1.1E-05 1.1E - 05 1.1E- 05 1.3E - 05
AMS-22 2.5E - 05 2.2E - 05 41E-06  80E-06  8.5E-06 6.2E - 06 8.7E - 06 25E-05  6.2E-06 6.2E - 06 6.2E - 06 4.1E- 06
AMS-23 3.5E-05 3.1E-05 S.SE-06 6.2E-06  8.9E-06 S.1E- 06 7.7E- 06 35E-05  5.1E-06 5.1E- 06 5.1E-06 5.5E - 06
AMS-24 2.1E - 05 2.0E - 05 1.5E - 06 97E-06  1.3E-05 8.9E - 06 5.1E- 06 2.1E-05  8.9E-06 8.9E - 06 8.9E - 06 1.5E - 06
AMS-25 2.0E - 05 2.0E - 05 3.6E - 06 61E-06  2.6E-05 9.7E - 06 8.7E - 06 20E-05  9.7E-06 9.7E - 06 9.7E - 06 3.6E - 06
AMS-26 3.0E - 05 2.7E - 05 5.0E - 06 56E-06  7.1E-06 4.6E-06 7.8E - 06 30E-05  4.6E-06 4.6E - 06 46E-06  5.0E-06
AMS-27 2.0E - 05 1.9E-05 1.9E - 06 78E-06  1.1E-0S 7.1E- 06 1.0E - 05 20E-05  7.1E-06 7.1E- 06 7.1E- 06 1.9E - 06
AMS-28 1.6E- 05 1.5E-05 1.3E - 06 58E-06  6.4E-06 4.9E - 06 68E-06  1.6E-05  4.9E-06 4.9E - 06 4.9E - 06 1.3E-06
AMS-29 3.0E- 05 2.7E - 05 2.5E- 06 $S2E-06 8.9E-06 5.5E-06 5.4E - 06 30E-05 5.5E-06 5.5E - 06 5.5E - 06 2.5E - 06
Background
AMS-12 9.7E - 06 9.0E - 06 4.7E-07 S3E-06  5.8E-06 4.8E - 06 6.3E - 06 9.7E-06  4.8E-06 4.8E - 06 4.8E - 06 4.7E-07
AMS-16 1.5E - 05 1.6E - 05 2.7E - 07 14E-05 1.7E-05 1.2E-05 5.1E : 06 1.5E-05  12E-05 1.2E- 05 1.2E- 05 2.7E - 07
DCG* 1.0E - 01 9.0E - 02 1.0E - 01 40E-02  4.0E-02 70E-03 10E+00 40E+02 30E+00 40E+01 40E+00 1.0E +04

#See Figure C.1-1 for sample locations’

®Denotes isotopes assumed to be in equilibrium with their parents
“Derived concentration guidelines for air (uCi/ml - 1.0E + 12 pCi/m’) from DOE Order 5400.5., Radiation Protection of the Public and the Environment, February 1990. Continuous
inhalation of this concentration for one year will result in a committed effective dose equivalent of 100 mrem (1 mSv).
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FIGURE C.1-2. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-2
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FIGURE C.1-3. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-3
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FIGURE C.1-5. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-5
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FIGURE C.1-7. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-7
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FIGURE C.1-8. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-8A
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FIGURE C.1-9. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-9C
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FIGURE C.1-10. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-22
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FIGURE C.1-11 ."1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-23
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FIGURE C.1-14. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-26
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FIGURE C.1-15. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-27
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FIGURE C.1-16. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-28
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FIGURE C.1-17. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-29
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FIGURE C.1-19. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR AMS-16
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FIGURE C.1-20. 1998 TOTAL URANIUM AND PARTICULATE CONCENTRATIONS IN AIR FOR STP-1
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ATTACHMENT C.2 2
_ _ 3
As discussed in Chapter 5 of the 1998 Integrated Site Environmental Report, the FEMP’s radon 4
‘monitoring program primarily focuses on assessing the effects of radon emissions from the K-65 Silos 1 s
and 2 on the surrounding environment. The radon data collected under the program are compared to 6
the radon concentration standards contained in DOE Order 5400.5, Radiation Protection of the Public 7
and the Environment. The pertinent standards and associated 1998 compliance status are provided 8
below. ' K
. .10
. The DOE annual average limit at and beyond the facility fenceline is 3.0 picoCuries per 1
liter (pCi/L) above background; there were no exceedances in 1998. ' 12
o “The DOE annual average limit over the facility is 30 pCi/L above background; there ij
were no exceedances in 1998. ' 15

. The DOE limit measured at any point over the facility is 100 pCi/L; there were 1-6/ -
24 exceedances during 1998. ' 18
19
Two monitoring devices are used at the FEMP to determine compliance with these limits and track 20
changes in radon concentrations: 1) continuous monitors; and 2) long-term, time integrating monitors = 2
(alpha track-etch cups). The following sections summarize the findings from the radon monitdring 2
program for 1998. 23
: ‘ , .
Continuous Monitoring Results . ' 25
— For 1998 the radon monitoring program operated 19 continuous environmental radon monitors for the . 26
entire year. The operational radon monitor run-time averaged approximately 97 percent for the ]
19 monitors. The three percent down-time was associated with downloading of instrument data, 8
interruptions due to extreme cold temperatures, power interruptions, and/or routine maintenance 29
activities. These monitors are primarily utilized to determine compliance with DOE Order 5400.5, . 30
100 pCi/L radon limit, as well as track and evaluate fluctuations in environmental radon 3l
concentrations. Also, the Federal Facilities Agreement requires routine reporting of data from nine )
continuous monitors to assess short-term fluctuations associated with radon emissions from the 3
K-65 Silos 1 and 2. 1

FERVEMP-ANNVPP-CUTTACHZ\SBATY.C-2\May 26, 1999 -9.09PM C.2-1 0 0 0 4 -
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Data from the continuous environmental radon monitors are provided in this attachment in the 1

following two formats: 2

. Table C.2-1 provides a detailed summary of 100 pCi/L exceedances. During 1998
there were 24 exceedances of the 100 pCi/L DOE limit.

. Figure C.2-1 identifies the location of continuous environmental radon monitoring
locations in 1998. Figures C.2-2 through C.2-20 present the monthly average radon
concentrations plotted over time for the 19 continuous environmental radon monitoring

LT T 7 S N %Y

stations which operated throughout 1997 and 1998. The 3.0 pCi/L (fenceline and off 10

site) and 30 pCi/L limits (on site) have been added as reference points to the u

appropriate graphs to assist in evaluating the data. The results for 1997 and 1998 have 12

been corrected for instrument background. The practice of correcting measurements B

for instrument background was adopted by the FEMP in October 1997. 1

15

The noticeable increase in exceedances of the 100 pCi/L DOE limit at the K-65 Silo fenceline 16
monitoring locations is attributed to both the increase in the radon concentrations in the silo head space 1
as a result from the deterioration of bentonite layer overlying the waste materials within the silos and 18

the leaks at the gasketed surfaces of manway flanges, sounding ports, and other silo penetrations

(access port covers) that have been identified through radiological surveys of the silo domes. A radon

treatment system included in the Accelerated Waste Retrieval Project for Silos 1 and 2 is forecasted to 2
become fully operational in 2001 and will address the problems of radon €missions from the silos on a 2
long-term basis. In the near-term, maintenance activities will be undertaken during 1999 to seal leaks 23
in the silo domes. 2
25

In general, radon concentrations at all continuous radon monitoring locations including background 26
locations increased during 1998. At the two highest K-65 Silo exclusion fence monitoring locations, 7
the maximum monthly average concentration increased from 7.4 pCi/L in 1997 to 18.2 pCi/L at KNE 28
and from 11.6 pCi/L in 1997 to 16.9 pCi/L at KSE in 1998. 29
) 30

During the biennial review of the IEMP, DOE proposed expanding the use of continuous EN
environmental radon monitors at the FEMP. The expansion of the continuous monitoring network »
allows for frequent feedback to remediation projects, regulatory agencies and FEMP stakeholders on 33

‘trends in ambient radon concentrations, while providing a sufficient radon monitoring network to

ensure compliance with DOE Order 5400.5 requirements. Twelve continuous environmental radon

. monitor locations were added during 1998 and two monitoring locations were discontinued at the end 36

N Sve
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of 1998 (monitoring location 11 and Waste Pit 5) following regulatory agency approval. This expands
the network of continuous environmental radon monitors to 29. Data from the additional 12 monitors,
will be reported beginning with the Integrated Environmental Monitoring Status Report for First
Quarter 1999. Table C.2-3 provides a summary of monthly average radon concentrations for the

continuous environmental radon monitoring stations operating in 1997 and 1998.

Long-term, Time Integrating Monitor Results

In addition to the continuous radon monitors, radon monitoring was conducted at 65 radon (alpha
track-etch) cup locations during 1998. These detectors were collected at six month intervals and
analyzed by at an off-site laboratory. The data from this monitoring effort are provided in Table C.2-2
for each six month sample collection period, as well as the annual average concentrations for 1998.
For comparison, 1997 results are also included in the table. The radon cups are utilized primarily to -
determine compliance with the DOE Order 5400.5 standards of 3.0 pCi/L (above background) annual
average at the fenceline and off-site locations and 30 pCi/L (above background) annual average over
the facility. Data collected from the fenceline and off-site locations were all below the 3.0 pCi/L
standard. Likewise, all on-site monitoring locations were below the 30 pCi/L standard. Figure C.2-21

identifies the radon alpha track-etch cup monitoring locations.

Beginning in 1997, new quality assurance methods were used to evaluate the alpha track-etch cup data.
These methods were implemented to addréss analytical biases detected in the previous years’ data. - The
process includes screening the data against quality assurance samplés of a known radon exposure that
are analyzed in conjunction with the field samples. The IEMP describes the detailed screening process
for acceptable data, as well as the treatment to adjust the data. Radon data from alpha track-etch cups
collected prior to 1997 have not been corrected for this bias.

For 1998 the analyses for the known exposure quality assurance samples for the first six month
sampling period show a positive bias (i.e., analytical results were greater than the known exposure
value). Therefore, the first six month alpha track-etch data were corrected downward to account for

this bias.
No determination of the analytical bias is possible for the second six month sampling period due to

vendor laboratory problems. During the spiking process of adding a known exposure to the quality

FERVEMP-ANNWAPP.CTTACHZISBATI.C-2\May 26, 1999 S.09PM C.2-3
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control alpha track-etch detectors, an equipment malfunction in the spiking chamber occurred during
off shift hours, preventing an accurate approximation of the known exposure. Therefore, no positive
or negative bias factors were applied to the environmental radon exposure data for the second

six month sampling period.

During the biennial review of the IEMP, DOE proposed eliminating the use of alpha track-etch
detectors for measuring environmental radon concentrations at the FEMP. After gaining regulatory
agency concurrence, the use of alpha track-etch detectors for environmental radon monitoring was
discontinued at the end of 1998. Data from the expanded network of continuous monitors will be used
during 1999 to determine compliance with the DOE Order 5400.5 limits.

000330
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TABLE C.2-1 . 22% 2

Y

1998 RADON CONCENTRATIONS
100 pCi/L EXCEEDANCES AT THE K-65 SILOS 1 AND 2 EXCLUSION FENCE

Exceedance . Exceedance Maximum Recorded Effected
Event Duration Hourly Radon Concentration Monitoring
Start Date (hours) (pCi/L) Locations®
01/28 1 ©1025 KNE
02/01 1 100.8 KNE
09/14 1 104.9 KSE
10712 1 101.1 KSE
10/12 4 169.4 KSE
10/17 4 190.3 KNE
10/24 4 138.9 KNE, KSE
10/25 6 143.5 KNE, KSE
10/26 1 113.7 KNE
10727 2 112.7 KNE, KSE
10129 1 102.2 - KNE

‘ ( 11/12 6 229.7 'KNE, KSE

) 11/13 6 1516 KNE, KSE

11/15 4 155.9 KNE, KSE
1121 10 _ 144.7 KNE, KSE
11/24 13 149.2 KNE, KNW, KSE, KSW
12/1 7 257.8 KNE,KSE
12/9 10 190.7 KNE, KSE
12/11 1 101.6 KNE
12/15 7 158.4 KNE, KSE
12/15 ‘ 3 106.4 KNE, KSE
12/24 : 2 186.4 KNE
12/25 7 200.8 KSE, KNE, KNW
12/26 5 163.4 KNE, KNW, KSE, KSW

*The location listed first had the highest recorded concentration.
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TABLE C.2-2
RADON MONITORING-ALPHA TRACK-ETCH CUPS,
CONCENTRATION DATA FOR 1998
Radon Concentration + Precision” (pCV/L)
. First Half of Year Second Half of Year 1998 Location 1997 Location

Location 1998 1998 Average Average
K-65Silos 1 and 2

Exclusion Fence Locations

K65A 1.2 + 0.2 1.6 + 0.3 1.4 + 0.3 1.0 £ 0.4
K65B 1.5+ 0.3 2.3+0.1 1.9 + 0.2 1.4 + 0.6
K65C 2.3+ 0.3 43+1.2 3.3+ 0.9 22+ 0.4
K65D 3.7+40.9 6.3 £ 0.7 5.0+0.8 3.5+ 0.8
K65E 3.3 +0.8 5.940.7 4.6 + 0.8 3.3+ 0.3
K65F 3.3+ 0.8 7.1 £ 0.6 52407 3.5+ 0.8
K65G 2.3+ 0.1 3.8 + 0.4 3.14+0.3 2.1+05
K65H 1.6 + 0.3 22403 1.9 + 0.3 1.4 4+ 0.4
K651 1.3 + 0.6 1.6 + 0.4 1.5+ 0.5 1.1 £ 0.4
K657 0.9 + 0.3 1.0 £ 0.1 1.0 + 0.2 0.7+ 02
K65K 1.1+ 0.3 1.1 £ 0.4 1.1 + 0.4 0.9+ 0.2
K65L 2.240.1 2.1+03 2.2 402 1.8 + 0.7
K65M 2.5+ 1.1 2.0+ 0.3 2.3 +0.8 1.6 +£ 0.5
K65N 2.1 +0.5 1.9 + 0.8 2.0 £ 0.7 1.4+ 03
K650 1.2 + 0.5 1.1 + 0.4° 1.2+ 0.5 0.9 + 0.2
K65P 1.0 +£ 0.2 1.3 +0.5 1.2 + 0.4 0.8 + 0.4
Minimum 0.9 + 0.3 1.0 + 0.1 1.0 £ 0.2 0.7 + 0.2
Maximum 3.7 4+ 0.9 7.1 + 0.6 5.2 + 0.7 3.5+ 0.8
K-65 Silos 1 and 2

Dome Locations

1-NE 15.4 + 0.4 25.9 + 2.1 20.7 £ 1.5 12.1 + 0.3
1-NW 10.4 + 0.2 17.4 £ 0.8 13.9 + 0.6 6.4+ 0.8
1-SE 7.6 £ 0.6 12.2° 9.9 + 0.4 7.1+ 0.6
1-SW 63+ 0.5 4.5+ 0.2 5.4+ 0.4 41403
2-NE 20.4 + 3.8 30.6 + 4.8 25.5 + 4.3 18.0 + 1.6
2-NW 5.9+ 0.1 4.9+ 0.1 5.44 0.1 3.8 + 0.7
2-SE 21.0 + 0.6 34.9 + 0.2 28.0 + 0.4 123 £ 1.0
2-SW 13.5%. 82+ 0.1 10.9 + 0.1 7.6 + 0.7
Minimum 5.9+ 0.1 4.5 + 0.2 5.4+ 0.1 3.8+ 0.7
Maximum 21.0 + 0.6 34.9 + 0.2 28.0 + 0.4 18.0 + 1.6
Fenceline Locations

AMS-02 0.0 + 0.1° 0.3 ¢+ 0.1 0.2 + 0.1 0.2 + 0.1
AMS-04 0.0 + 0.1 0.3+ 0.1 0.2 + 0.1 0.2+02
AMS-06 0.1+0.1f 0.4 + 0.2 0.3+ 02 0.3 + 0.2
AMS-07 0.1 +0.1 0.5+ 0.1 0.3 +0.1 0.3+ 02
AMS-08A - 0.0 + 0.2° 0.4 + 0.1 0.2 +0.2 0.2 +£ 0.1
AMS-09B/C® 0.1 £0.1 0.2 + 0.1 0.2 + 0.1 0.3 £ 0.1
A 0.4 + 0.2 1.0 + 0.4 0.7 4+ 0.3 0.4 + 0.2
B 0.0 + 0.1 0.2+ 0.1 0.1 £ 0.1 0.3 £+ 0.2
c 0.0 + 0.1° 0.2 + 0.1 0.1 £0.1 0.3+ 0.2
D 0.0 + 0.1° 0.3 £+ 0.3° "0.2+02 . 02402
E 0.0 + 0.1 0.3 + 0.1 0.2 + 0.1 0.3 £ 0.2
F 02+0.1° 0.4 + 0.1° 0.3 £ 0.1 0.2 £ 0.1
G 0.0 + 0.1° 0.4 + 0.2° 0.2 + 0.2 0.3 + 0.1
H 0.0 + 0.1 0.5 + 0.3° 0.3 +0.2 0.3+ 02
I 00 oan 0.2 + 0.2 0.5 + 0.1° 0.4 + 0.2 0.3 + 0.2
FEREMP-ANN\APP-C\ATT2\B9SC-2. wpd\May 26, 1999 9:09PM
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“+ 2 standard deviations

®Data edited due to IEMP Sctecnmg Criteria IIL.
°Detectors missing; value supplied was estimated by multiplying first half average by 1.6 which is the average increase of east silo

locat.ions.

*Data was only available for one detector.
°Data edited due to JEMP Screening Criteria IV.
‘Data was edited due to IEMP Screening Criteria II.
%] ocation is approximately 125 yards south of AMS-09B (1997 data).
N iously referred to as BKGD-03
Data was only available for two detectors.

IDetectors missing; value supplied is the minimum for the group (this effects previously published value for PERM-07).

-
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TABLE C.22 > 227 2
(Continued)
Radon Concentration + Precision’ (pCi/L)
First Half of Year Second Half of Year 1998 Location 1997 Location
Location 1998 1998 Average Average
Fenceline Locations (Contd.)
J 0.1 £ 0.1 0.5 4 0.1F 0.3 + 0.1 0.3 £ 0.1
K 0.1 £ 0.1 0.4 + 0.1 0.3 + 0.1 0.4 + 0.1
L 0.5 + 0.2 1.0 £ 0.3 0.8 +0.3 0.4 + 0.2
M 0.2 + 0.1 0.4 +0.1° 0.3 + 0.1 0.4 4+ 0.2
N 0.2 +0.2 0.4 0.1 03+02 0.4 + 0.2
o 0.1 +0.1f 0.4 +0.2° 03+02 1.0 + 0.2
P 0.2 + 0.1 0.6 + 0.1 0.4 4 0.1 0.4 +0.2
Minimum 0.0 £ 0.1 0.2 + 0.1 0.1 £ 0.1 0.2 + 0.1
Maximum 0.5 + 0.2 1.0 + 0.4 0.8 + 0.3 1.0 + 0.2
Background Locations .
AMS-12 0.0 + 0.1° 0.2 + 0.1 0.1 £ 0.1 0.1+ 0.1
AMS-13 0.1 +0.2° 0.2 £ 0.1 0.2 + 0.2 0.2 4+ 0.2
AMS-162 0.1 £ 0.1 0.3 +0.1° 0.2 + 0.1 0.2 4+ 0.1
BKGD-01 0.0 £ 0.1 0.2 + 0.1 0.1 £ 0.1 0.1 +0.1
BKGD-02 0.0 + 0.1° 0.3 + 0.1 0.1 + 0.1 0.2 + 0.1
BKGD-04 0.0 + 0.1° 0.2 4+ 0.1 0.1+ 0.1 0.2 +02
BKGD-05 0.1 0.1 0.4 £0.2° 0.3+ 0.2 0.2 £ 0.1
BKGD-06 0.0 + 0.1} 0.2 0.1 0.1 0.1 40.1
Minimom 0.0 + 0.1 0.2 + 0.1 0.1+0.1 0.1 + 0.1
Maximum 0.1 + 0.2 0.4 + 0.2 0.3 + 0.2 0.2 + 0.2
Other On-Site Locations . -
PERM-07 0.1 0.4 +0.1° 0.3 £ 0.1 0.4 + 0.1
PERM-09 0.1 +0.1 0.6 + 0.3 0.4 + 0.2 0.2 £ 0.1
65-6 0.2 + 0.1 0.5+ 0.1 0.4 + 0.1 0.3 + 0.2
65-7 0.2 + 0.1 0.4 + 0.1 0.3+ 0.1 0.3 + 0.1
65-8 0.2 + 0.2° 0.6 + 0.1 0.4+ 02 0.3+02
65-9 0.2 + 0.1 0.4+ 0.1 0.3+ 0.1 0.3 + 0.1
" AMS-01A 0.1+0.1 0.6 +0.17 0.4+ 0.1 0.3 + 0.1
Mininum 0.1+ 0.1 0.4+ 0.1 0.3 + 0.1 0.2 £ 0.1
Maximum 0.2 + 0.2 0.6 + 0.3 0.4 4+ 0.2 0.4 +0.1
Other Off-Site Locations
AMS-10 - 0.1 +0.1" . 0.4+02 0.3+02 0.3+02
AMS-11 0.1 £ 0.2° 0.4 + 0.1 0.3+0.2 0.3 + 0.1
RES-01 0.1 £ 0.1 0.4+0.1° 0.3 + 0.1 0.3+ 0.2
RES-02 0.2 + 0.1f 0.4 4 0.1° 0.3 + 0.1 0.3 + 0.1
RES-03 0.2 + 0.2 0.4 +0.1° 0.3+0.2 0.4 + 0.2
Minimum 0.1 £ 0.1 0.4 + 0.1 0.3 + 0.1 0.3 + 0.2
Maximum 0.2 + 0.2 0.4+ 0.2 0.3+ 0.2 0.4 + 0.2
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TABLE C.2-3

CONTINUOUS ENVIRONMENTAL RADON MONITORING
MONTHLY AVERAGE CONCENTRATIONS

1998 Summary Results™® 1997 Summary Results™*
(Instrument Background Corrected (Instrument Background Corrected
(pCi/L) ) (PCVL) )
Location® Min. Max. Avg. Min. Max. Avg.
Fenceline
AMS-02 0.2 0.7 0.4 0.3 0.7 0.5
AMS-03° -~ 06 0.8 0.7 NA NA NA
AMS-04 0.1 0.7 0.4 0.1 0.7 0.4
AMS-05 © 02 1.3 0.6 0.1 ‘ 1.2 .05
AMS-06 0.2 0.9 0.5 0.2 0.8 0.4
AMS-07 0.2 1.5 0.7 0.1 12 0.5
AMS-08A° 0.8 NA NA NA NA NA
AMs-09C" 0.2 0.9 0.6 ) NA NA NA
AMS-22f 0.2 0.7 .04 NA NA NA
AMS-23° 0.4 0.5 0.4 NA NA NA
AMS-24° 0.7 NA NA NA NA NA
AMS-25° 0.6 NA NA NA NA NA
AMS-26f 0.2 0.8 0.6 NA NA NA
AMS-27f 0.2 1.1 0.7 NA NA NA
AMS-28° 0.4 NA NA NA NA " NA
AMS-29°" 0.7 NA NA NA NA NA
Off Site
AMS-11 0.1 1.0 0.4 0.1 0.9 0.4
Background
AMS-12 0.1 0.6 0.3 0.0 0.5 0.2
AMS-16 0.2 0.6 0.4 0.1 0.4 0.2
On Site -
KNE 2.0 182 9.1 2.9 74 5.5
KNW © 1.0 4.8 2.4 0.9 2.3 1.6
KSE 24 16.9 8.3 2.8 11.6 5.6
KSW 1.4 5.2 3.1 1.5 3.3 2.3
KTOP 12 24.6 13.0 6.0 13.5 9.9
Pilot Plant 0.1 0.9 0.4 0.1 T12 0.4
Warehouse
Pit5 0.2 1.0 0.5 0.2 " 0.9 0.5
Rally Point 4 02 1.3 07 - 0.3 1.0 0.6
Surge Lagoon 0.3 1.3 0.7 ' 0.3 1.3 0.7
T28 0.9 2.8 1.8 1.0 2.4 1.8
WP-17A 02 0.9 0.5 0.2 1.0 0.5
®See Figure C.2-1

nstrument background changes as monitors are replaced.
°NA = not applicable
Unit was placed in service in August 1998.
“Unit was placed in service in December 1998.
"Unit was placed in service in June 1998. 0004 Sg _

FER\IEMP-ANN\APP-C\ATT2\B98C-2.wpd\May 26, 1999 9:09PM C -2'8




UBP " gEOUDRE® | ONUUDBE#UDDE 1 dBJ G 1A

666 |- AVA-SO

AMS-12
{BKGD-01)

3.2 MILES
MORGAN TOWNSHIP

Qs

EKNW

.

' SURGE

E X LAGOON
: ®
TKSW

s ®[

............................

—@® AMS-11
2.3 MILES
’ AMS-16
(BKGD-02)
6.2 MILES
MIAMITOWN. \DHIO

®/ams—02
AMs-22  AMS=23
I | @ ams-08A
I
N
| o @ AMS-09C
WS | |
FORMER (= I
PRODUCTION 12201
e |FE1
PILOT | &ll
PLANT S @ am
WAREHOUSE | | |@h 5-03
I

000460
NOT TO SCALE

LEGEND:
—_————— FEMP BDUNDARY

@ CONTINUOUS ALPHA
SCINTILLATION LOCATION

,@

ENVIRONMENTAL RADON MONITORING -

DISTANCE FROM CENTER OF
FORMER PRODUCTION AREA
TO LOCATION OFF MAP

SILO HEAD SPACE RADON
@ MONITORING - CONTINUOUS -ALPHA
SCINTILLATION -LOCATION

FIGURE C.2-1. 1998 RADON MONITORING - CONTINUOUS
ALPHA SCINTILLATION LOCATIONS




95000

Concentration (pCi/L)
N

1/97 3197 5/97 7/97 9/97  11/97  1/98 3/98 5/98 7/98 9/98  11/98
2/97  4/97 6/97 8/97  10/97 12/97 2/98  4/98 6/98 8/98  10/98 12/98

Sample Date (month/year)

FIGURE C.2-2. 1997 AND 1998 MONTHLY AVERAGE RADON C_ONCEN.TRATION FOR AMS-02
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FIGURE C.2-3. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR AMS-04
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FIGURE C.2-4. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR AMS-05
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The DOE annual limit at and beyond the facility fenceline is an average of 3.0 pCi/L above background.
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FIGURE C.2-5. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR AMS-06
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FIGURE C.2-6. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR AMS-07
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FIGURE C.2-8. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION
FOR AMS-12 (BKGD-01)
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FIGURE C.2-9. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION
FOR AMS-16 (BKGD-02)




Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-10. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR KNE




'Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-11. 1997 AND 1998 MONTHLY AVERAGE RADON .CONCENTRATION FOR KNW




Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L. above background.
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FIGURE C.2-12. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR KSE
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Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-13. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR KSW
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Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L. above background.
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FIGURE C.2-14. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR KTOP




Concentration (pCi/L)
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Note: The DOE annual! limit at and beyond the facility fenceline is an average of 30 pCi/L. above background.
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FIGURE C.2-15. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION -
FOR PILOT PLANT WAREHOUSE




Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-16. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR PIT 5




Concentration (pCi/L)
N

Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-17. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION
FOR RALLY POINT 4



Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-18. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION
FOR THE SURGE LAGOON




Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-19. 1997 AND 1998 MONTHLY AVERAGE RADON CONCENTRATION FOR T28
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Note: The DOE annual limit at and beyond the facility fenceline is an average of 30 pCi/L above background.
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FIGURE C.2-20. 1997 AND 1998 MONTHLY AVERAGE RADON QONCENTRATION FOR WP-1
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ATTACHMENT C.3

Direct radiation measurements were conducted at 38 locations using thermoluminescent dosimeters
(TLDs) during 1998. Figure C.3-1 identifies all TLD locations for 1998. Three TLDs are deployed
at each location and the measurements from each TLD are averaged on a quarterly basis. These
méasurements are used to track and evaluate environmenta] direct radiation levels at locations near the
K-65 Silos, other selected on-site locations, at the site fenceline, and at off-site and background

locations.

Table C.3-1 provides the data collected and averaged for four quarters in 1998. For comparison,
annual average data collected during 1997 has been included. As discussed in Chapter 5 of this 1998
Integrated Site Environmental Report, an increasing trend has been identified at the locations around
the K-65 Silos 1 and 2 exclusion fence (locations 22 through 26) as Well as at the site fenceline near
the K-65 Silos (location 6). The increasing direct radiation levels in these areas are the result of the
increasing radon (and associated decay products) concentrations in head space of the K-65 Silos 1
and 2. While the 1998 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 Advanced 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. The radon control system associated with this project is scheduled to
be operational in 2001. Monitoring for direct radiation will continue during 1999 as specified in

the TEMP. |
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TABLE C.3-1
DIRECT RADIATION (TLD) MEASUREMENTS
Direct Radiation + Uncerta.intyb (mrem)
Location” Summary of 1998 Results* Summary of 1997 Results
Fenceline
2 74 + 12 72 4 10
3 67 + 11 65 + 9.0
4 66 + 11 65+ 9.1
5 68 + 11 67 +9.3
6 84 + 14 79 £ 11
7 69 + 11 65+ 9.0
8A 75+ 12 74 + 10
9C 79 + 13 79 + 114
13 74 + 12 71499
14 77 + 12 70 £ 9.8
15 79 + 13 74 + 10
16 81 + 13 77+ 11
17 73+ 12 70 £ 9.7
34° 75 £ 12 73 + 14
35° 70 + 11 67 + 13
36° 65 + 11 60 + 12
37 77 + 12 75 + 14
38° 63 + 10 60 + 11
39° 79 + 13 76 + 14
40° 67 £ 11 65 + 12
41° 73412 70 £+ 13
Min. 63 + 10 60 + 12
Max. 84 + 14 79 + 11°
On Site
1B 89 + 14 84 + 12
22 776 + 125 778 + 108
23 817 + 132 712 + 99
24 632" + 102 512+ 71
25 698 + 113 641 + 89
26 496 + 80 425 + 59
32 55+ 9.0 54+175
Min. 000484 55 £ 9.0 54+ 175
Max. 817 + 132 778 + 108

. MW-WNHA®W8Aﬂ-G.mMy 26, 1999 9:02pm C . 3'2
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TABLE C.3-1 . 2 2 ? 2
(Continued) B -
Direct Radiation + Uncerta.intyb (mrem)
Location® Summary of 1998 Results® Summary of 1997 Results
Off Site
10 56 £ 9.1 52+73
11 69 + 11 65 + 9.1
12 62 + 10 59 + 8.2
30 » 62 +£9.9 59 + 8.2
Min. 56 + 9.1 521173
Max. 69 +11 65 £ 9.1
Background
18 77 + 13 74 £+ 10
19 65 + 10 " 60+ 8.4
20 61 +£9.9 57 £ 8.0
21 69 + 11 67 +9.4
27 ' 64 £10 60 + 8.3
. 33 68 + 11 65 £ 9.1
Min. 61199 57 + 8.0
Max. 77+ 13 : 74 £ 10

aSea Figure C.3-1

®Associated laboratory uncertainty are estimates of accuracy and precision.

“Uncertainty terms for second quarter are based on average uncertainty from previous quarters. Due to an error in

the laboratory, the TLDs used to determine the uncertainty were not processed.

%Locations 9B and 9C are combined to determine 1997 year-end results.

1997 data for locations 34 through 41 are calculated from fourth quarter (October through December) measurements.
- These locations were established during the fourth quarter of 1997.

"Direct radiation and uncertainty value includes estimated second quarter results which were based on first quarter

results.

®Direct radiation and uncertainty value includes estimated fourth quarter data based on the average of the previous

three quarters.

‘ * MY
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ATTACHMENT C.4 - 2272

Meteorological data were recorded at the site meteorological station during 1998. Meteorological data
recovery for 1998 was 99.6 percent. As shown in Table C.4-1, data from the 10-meter and 60-meter
elevations are reported here 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 1998. Table C.4-2 presents the 1998 average wind speed and

percent of time from direction at the 10-meter and 60-meter elevations.

For 1998 the highest hourly average wind speed at the 10-meter elevation was measured at 24.8 miles
per hour during March 1998. At the 60-meter elevation, the highest hourly average wind speed was
measured at 38.0 miles per hour during June 1998. The prevailing winds were from directions west
through south-southwest approximately 40 percent of the time at both elevations. The winds out of the

southeast were least predominant, occurring less than three percent of the time.

Total precipitation for 1998 measured 48.43 inches which is 7.57 inches above the annual average
precipitation of 40.86 inches for the period 1948 through 1997. For comparison, the total annual
precipitation in 1997 was 40.1 inches. The highest amount of precipitation was measured during
April 1998 (9.37 inches). The daily maximum amount of precipitation was recorded in July 1998
(3.83 inches).

The monthly average temperatures during 1998 ranged from 36.8 degrees Fahrenheit (°F) in January
to 74.2°F in August. The coldest day was 6.9°F recorded in January and the warmest day was 93.2°F

recorded in September.

000489

FER\IEMP-ANN\APP-C\ATTACH4\9SATT-C4. WPD\May 26, 1999 9:03pm C . 4’1

14

15

16

17

18

19

21

22

23

25

26



mdgees 6661 ‘97 APNAIM "PO-LLVEQPHIVLLY\D-ddVANNY-JNENGAL

vO

06 7000

TABLE C.4-1
1998 METEOROLOGICAL DATA
Units January February March  April May June July August September October November December
10-Meter Wind Speed
Maximum hourly mph 142 149 248 191 139 228 11.9 132 14.6 13.5 18.8 17.1
average kph 229 240 399 307 224 367 192 212 235 217 30.3 2.5
mph 0.8 0.6 07 .07 0.5 0.6 0.6 0.4 0.4 0.2 0.4 0.2
Minimum hourl
average 0 kph 13 10 1.1 1.1 08 1.0 1.0 0.6 0.6 0.3 0.6 0.3
60-Meter Wind Speed
Maximum hourly mph 216 223 331 262 210 380 207 209 204 18.8 30.9 25.2
average kph 348 359 533 422 3338 61.2 33.3 33.6 2.8 30.3 49.7 40.6
Minimum hourly. mph 0.6 0.2 0.2 0.5 0.5 0.9 0.4 0.4 0.7 0.5 0.6 0.7
average . kth 1.0 0.3 03 08 08 1.4 0.6 0.6 1.1 0.8 1.0 1.1
Ambient Air Temperature
Average °F 368  38.1 439 526 663 705 739 742 69.7 54.6 45.7 38.0
°c 27 3.4 6.6 1.4 191 214 233 234 209 12.6 7.6 33
Maximum daily @ °F 643 666 818 T35 879 917 919 929 932 80.7 69.8 72.8
°c 179 192 217 231 31 332 333 338 34.0 27.1 21.0 22.7
Minimum daily P 69 . 129 95 259 427 410 562 533 436 28.8 22.0 9.2
°C  -13.9 -106 -12.5  -34 5.9 5.0 13.4 11.8 6.4 -1.8 -5.6 -12.7
Precipitation
Monthly total in 333 204 270 937 438 8.6 5.39 1.14 2.3 3.11 2.0 3.65
cm 846 518 6.8 238 1219 21.84 13.69 2.9 5.84 7.9 5.08 9.27
Daily maximum in 196 054 062 249  1.39 1.74 383 0.38 1.28 1.25 0.63 3.0
em 498 137 157 632 353 442 973 097 325 3.18 1.60 7.62
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TABLE C.4-2 ' r 2272

1998 AVERAGE WIND SPEED AND PERCENT OF TIME FROM -
DIRECTION AT TEN AND SIXTY METERS ABOVE GROUND LEVEL

Average 10-meter Average 60-meter

. Percent of . Percent of

‘Wind Speed Time from ‘Wind Speed Time from

Direction (mph) (kph) Direction - (mph) (kph) Direction
N 5.5 8.8 3.7 7.9 12.7 4.6
NNE 6.1 9.8 4.3 7.7 124 5.6
NE 5.6 9.0 4.6 6.9 11.1 7.7
ENE 5.3 8.5 7.9 7.4 119 8.6
E 3.6 5.8 51 6.3 10.1 3.7
ESE 3.1 5.0 2.4 5.9 9.5 2.6
SE 3.2 5.1 2.2 6.4 10.3 2.4
SSE 3.7 6.0 3.2 6.6 10.6 3.2
S 5.2 8.4 5.3 8.7 14.0 6.4
SSwW 6.4 10.3 10.6 10.1 16.3 ‘ 11.5
swW 4.9 7.9 12.5 8.3 134 11.9
WSwW . 37 6.0 9.8 7.8 12.6 9.7
w 3.6 5.8 8.8 7.4 11.9 6.7
WNW 3.8 6.1 7.8 1.5 12.1 53
Nw 4.0 6.4 7.1 7.6 12.2 5.7
NNW 4.8 7.7 4.9 7.7 12.4 4.5
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1998 NATIONAL EMISSIONS STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAP)
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U.S. Department of Energy

Radionuclide Air Emissions Annual Report L - 2 2 7 2
(under Subpart H of 40 CFR Part 61) -~
Calendar Year 1998
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On May 23, 1997, the U.S. Department of Energy (DOE) Fernald Environmental Management Project

PREAMBLE

* (FEMP) 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 1997b). The alternate approach
utilizes environmental measurements of airborne radionuclide concentrations (as provicied for under
40 Code of Federal Regulations [CFR] 61.93[b][5]) rather than air dispersion modeling to demonstrate
that radionuclide emissions resulting from FEMP 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 FEMP had changed as the
mission of the FEMP \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 (i.e., large scale excavations,
wind erosion from stockpiled materials, and decontamination and dismantling projects, 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 FEMP

emissions.

On August 11, 1997, the EPA granted approval to use environmental measurements as‘ an alternative
methodology for demonstrating NESHAP compliance (EPA 1997). 1998 was the first year the FEMP

utilized environmental measurements for compliance purposes.
SUMMARY

For 1998, the maximum effective dose equivalent from emissions of radionuclides to the ambient air,
based on radionuclide measurements at the FEMP fenceline, is estimated to be 0.26 millirem (mrem)
(2.6E-03 mSv), which is in compliance with the Subpart H standard of 10 mrem. This estimation is
based on the FEMP’s radiological air particulate monitoring program which consists of a network of
high volume air monitoring stations (AMS) operated continuouslyduring the year at the FEMP facility

A

fenceline and background locations. _-
000500
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SECTION I: FACILITY INFORMATION

v

A. Site Description
The FEMP is located on a 1,050 acre (425 hectare) area approximately 17 miles (27 km) northwest of

Cincinnati, Ohio. The former production area covers approximately 136 acres (55 hectares) in the

center of the FEMP. The facility is sited just north of the small farming community of Fernald, Ohio.

The area immediately surrounding the FEMP is primarily rural in nature, characterized by the
predominance of agriculture, with some light industry and private residences. The FEMP 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, with average temperatures ranging from approximately
29°F (-1.7°C) in January, to 76°F (24.4°C) in July. Average annual precipitation is approximately

41 inches (102 cm) per year. Prevailing wind flow is from the south-southwest.

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, most activities at the FEMP are conducted under the Comprehensive Environmental
Response, Comp