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August 30, 1996 

EXECUTIVE SUMMARY 

This System Evaluation Report summarizeS the performance of the South Plume recovery wellfield 

during the period January 1, 1996 through June 30, 1996. This document fulfills the reporting 

requirements defined in the South Plume Groundwater Recovery System Design, Monitoring, and 

Evaluation Program Plan (DMEPP) of April 1993. The reporting schedule was amended by 

correspondence between the U.S. Department of Energy (DOE) and the U.S. Environmental 

Protection Agency (EPA) and the Ohio EPA (OEPA); reports are due in April and October of each 

year. As in the last report, a disk containing the analytical data for this reporting period is included 
in the front binder pocket. 

During this reporting period a total of 303 million gallons of water was pumped and 43.4 pounds of 

uranium were removed from the aquifer. The entire system was shut down only three percent of the 

time due to scheduled maintenance. As of June 30, 1996 the South Plume wellfield is operating 

below the target rate of 1400 gpm with Recovery Wells 3924, 3925, and 3927 pumping at a combined 

rate of 1,000 gpm (Recovery Wells 3924 and 3925 are pumping at 300 gpm each and Well' 3927 is 

pumping at 400 gpm). The pumping rate on Well 3927 was increased in early July 1996 to 500 gpm 

for total system pumping rate of 1,100 gpm to maximize capture while Well 3926 is out of service. 

a- 
Problems with the extraction system electronic flow controllers resulted in periodic system 

interruptions during the Spring of 1996. These problems 'were caused by powerline surges from 

nearby lightening strikes. Iron clogging of the well screen in Recovery Well 3926 resulted in this 

well being out of service for part of the reporting period. A major effort is underway to add surge 

control devices to the electronic components of the flow control system and to rehabilitate Recovery 

Well 3926 and expand the routine preventative maintenance p.rogram to include well workovers for 

iron fouling. 

As soon as the well workover has been completed on Recovery Well 3926, the well will be returned 

to service and the system will be operated at the optimum 1400 gpm pumping rate (Le. Wells 3924 

and 3925 pumping at 300 gpm each and Wells 3926 and 3927 pumping at 400 gpm each). The 

procurement process for the surge protection equipment is nearing completion and the maintenance 

work orders have been written. The workover on Recovery Well 3926 is schedule to be performed 

this Fall as soon as the procurement process is completed. 
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The capture zone of the recovery wellfield is consistent with that of the last reporting period. The 

main body of the 20 micrograms per liter (pg/L) uranium plume continues to be captured and the 

hydraulic barrier has been maintained, preventing further southern migration of the uranium plume. 

The western boundary of the plume including the southernmost lobe of the plume appears to fluctuate 

seasonally with recharge from Paddys Run as evidenced by the data from first and second quarter 

sampling events during this reporting period. The extent of the southern lobe of the plume is defined 0 

by total uranium concentrations in Monitoring Well 2552; those concentrations continued to fluctuate 

around 20 pg/L in 1996. Results of the Mann-Kendall test for trend on the data set for Well 2552 

continue to identify the data as exhibiting a significant decrease in trend. 

. 

One area of concern in previous DMEPP System Evaluation Reports has been the development of the 

northeast lobe of the plume. This is seen in Monitoring Well 2166, Home Owner Well 13, and 

Monitoring Well 2398, and appears to move in a southeasterly direction away from the main body of 

the plume. Uranium concentrations in Monitoring Well 2434 immediately west of the northeast lobe 

have historically been low while concentrations at Monitoring Well 3069 also west of the northeast 

lobe have been high. Data obtained by using the colloidal borescope in Monitoring Well 2434, which 

is adjacent to Monitoring Well 3069, showed groundwater flow to the north-northwest, opposite to 

regional flow which is to the southeast. The northward flow is believed to be due to a natural 

recharge point at this location from a drainage ditch which drains an area of approximately 200 to 

250 acres immediately south of the FEMP property. The recharge of surface waters appears to cause 

the uranium plume to bifurcate at the Type 2 well depth resulting in the northeastern lobe of the 

plume. Furthermore, as the surface waters infiltrate into the aquifer, the uranium contamination 

moving from the north with regional groundwater flow is pushed deeper into the aquifer. An 

investigation to detemine the extent of the deeper portion of the urhum plume in this area will be 

conducted as part of the Project Specific Plan (PSP): Restoration Area Verification Sampling. This 
PSP was identified in the OU5 Remedial Design Work Plan and is being submitted concurrently with 

this report. 

The hydraulic, chemical, and radiological data collected during the reporting period are, in general, 

consistent with past reports. Evaluation of the data indicates that the South Plume recovery wells are 

exerting a negligible influence on the Paddys Run Road Site (PRRS) plume. This includes the time 

period when the system was operating at approximately 1,550 gpm. Concentrations of arsenic in 

several monitoring wells located south of the recovery wellfield continue to fluctuate. Data collected 
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south of the recovery wellfield and north of the PRRS show one anomaly; sodium continues to 

increase in Monitoring Well 2900. Monitoring Well 3898, which exhibited increased sodium 

concentrations in the last reporting period, showed only a marginal upward trend during this period. 

Monitoring Well 2899 exhibited a significant upward trend for sodium during this period but 

maximum concentrations are still below values previously observed. Because these wells are located 

south of and close to the recovery wellfield, they will continue to be monitored and results presented 

in future reports. 

Design and modeling continues on the South Plume Optimization System. Negotiations with 

neighboring landowners are currently ongoing as to the final number and location of the optimization 

wells. It is still envisioned that optimization of the South Plume groundwater recovery system will 

occur according to the remedial desigdremedial action schedules for Operable Unit 5 .  
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1.0 OPERATIONAL SUMMARY 

This section Summarizes the operation of the recovery wellfield from January 1, 1996 through 

June 30, 1996. The wellfield includes five recovery wells - 3924, 3925, 3926, 3927, and 3928. 

During this reporting period, four of the wells were operational; Well 3928 has been shut down since 

December of 1994 because it is not needed to meet current system objectives. Wells 3924 and 3925 

were each pumped at a rate of 300 gallons per minute (gpm) and Wells 3926 and 3927 were each 

pumped at 400 gpm, for a total system flow of approximately 1,400 gpm during January and 

February. This is the same pumping scenario used during the previous DMEPP reporting period 

(July 1 through December 31, 1995) and summarized in the April 1996 DMEPP report. 

In March and for part of April, the system was pumping at an average of 1,567 gpm due to excess 

pumpage coming from Well 3926 (see Operational Summary Sheet for Well 3926). From the time 

recovery Well 3926 was shut down in April until the end of the reporting period (June 30, 1996), the 

system was pumped at 1,000 gpm with Wells 3924 and 3925 pumping at 300 gpm each, and 

Well 3927 pumping at 400 gpm. Well 3927 was increased to 500 gpm in early July 1996 to increase 

the total system pumping rate to 1,100 gpm to maximize capture while Well 3926 is out of service. 

Figure 1-1 shows the locations of all the DMEPP wells. 

Over the entire reporting period, the individual recovery wells operated from 64.7 to 91.4 percent of 

the time. The recovery system operated at or above the four-well, 1,400-gpm configuration 

58 percent of the time (106 out of 182 days). The entire recovery system was shut down only 

3 percent of the time for scheduled maintenance. This shut down occurred from June 23 to 

June 28, 1996 for the installation of a back pressure control valve in the combined recovery well 

discharge pipe line. Following maintenance, Well 3924 was not restarted until July 1 due to problems 

associated with the flow control instrumentation. 

Individual wells were also out of service at several times during the reporting period, the most notable 

of which is the outage of Well 3926 for the entire months of May and June. Upon subsequent 

maintenance of this recovery well, extreme well screen and pump intake iron fouling was found. This 
fouling is believed to have ultimately led to the failure of the recovery well pump and motor 

assembly, and will require well rehabilitation and pump replacement. a 
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Wells 3924 and 3925 were simultaneously out of service on two separate occasions: February 1 to 

February 4 and May 24 to 28. Other notable outages include Well 3924, which was out of service 

from May 31 to June 5, and Well 3927 which was out of service from April 4 to April 8 and from 

June 4 to June 6. These outages were due to operational problems associated with the flow control 

systems which resulted from powerline surges that occurred during thunderstorms. 

Operational problems associated with flow control systems and iron fouling have had a significant 

negative impact on the operability of the recovery system during this reporting period, and efforts are 

underway to improve the operation and durability of the system. Several of the individual recovery 

well outages experienced in this reporting period were due to flow control circuit boards being 

affected by powerline surges that occurred during thunderstorms. Surge protection modifications are 

planned that will help protect circuit boards in the flow control systems. A well rehabilitation 

program to address iron fouling is being implemented which will be followed up with increased 

routine maintenance to address iron fouling concerns. Operational procedures are being revised to 

better facilitate the collection of data which will be useful for tracking maintenance and operational 

problems. 

As of June 30, 1996 the South Plume wellfield is operating with Recovery Wells 3924, 3925, and 

3927 pumping at a combined rate of 1,000 gpm (Recovery Wells 3924 and 3925 are pumping at 

300 gpm each and Well 3927 is pumping at 500 gpm). As soon as the well workover has been 

completed on Recovery Well 3926, the well will be returned to service and the system will be 

operated atathe optimum 1400 gpm pumping rate (Le. Wells 3924 and 3925 pumping at 300 gpm each 

and Wells 3926 and 3927 pumping at 400 gpm each). The procurement process for the surge 

protection equipment is nearing completion and the maintenance work orders have been written. The 

workover on Recovery Well 3926 is expected to be completed this Fall as soon as the procurement 

process is completed. 

The following pages provide operational summary sheets for Recovery Wells 3924, 3925, 3926, 3927, 

and 3928. Monitoring data for these wells were collected at the individual well locations. Data 

representative of the entire recovery wellfield were collected at the storm water retention basin 

(SWRB) valve house; a wellfield operational summary sheet follows those for the individual recovery 

wells. Due to the different flow measurement points, minor differences in the cumulative wellhead 

totals and the valve house measurements for total flow are common. Data from the valve house were 
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used to plot daily total uranium concentrations in the South Plume discharge water for the reporting 

period (Figure 1-2), monthly average total uranium concentrations since the start-up of the recovery 

wellfield in 1993 (Figure 1-3), and the cumulative pounds of uranium removed versus the cumulative 

gallons pumped by the recovery wells (Figure 1-4). 
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A total of 303 million gallons of water was pumped during this reporting period and accounted for I 

43.4 pounds of uranium being removed from the aquifer; the average daily total uranium 

concentration in the South Plume discharge water was 20.4 micrograms per liter (pg/L). 

four extended time periods during the reporting period when the daily total uranium concentration was 

above 20 pg\L in the South Plume discharge water, as shown on Figure 1-2. 

operational data for the recovery well field revealed that partial outages occurred during those periods. 

These temporary increases in uranium concentration are due to the varying pumping rates which 

There were 

An examination of the 

occurred during partial field outages. 

of uranium in the water at the storm water retention basin valve house increases because Wells 3924 

When Wells 3926 or 3927 are out of service, the concentration 

14 

and 3925 pump groundwater with higher concentrations of uranium. In addition, when Wells 3924 15 t 

and 3925 are restarted after an outage, higher concentrations of uranium are observed for a short 

period of time from the bounce back effect. 

16 

This is due to the partial resaturation of the drawdown 17 

18 

19 

zone, which allows more uranium desorption into the groundwater. An example of this is seen in the 

first exceedence of the 20 pg/L proposed maximum contaminant level in Figure 1-2 (from 1/27 

to 2/6). 20 
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WELL 3924 (Rw-1) 
OPERATIONAL SUMMARY SHEET 

Reference Elevation (AMSL) - 531.9 (top of casing) 
Northing Coordinate ('27) - 474,190.37 
Easting Coordinate ('27) - 1,379,783.13 

Hours in reporting period - 4,368 
Hours not pumped - 951 

Hours pumped - 3,417 
Operational percent - 78.2 

Target pumping rate - 300 gpm 

Monthly Measurements at Wellfield 

Average Uranium 
Pumping Rate Million Gallons Concentration Well Efficiency 

Month (gpm) Olgm (lbs/M gal) 

1 /96 262" 11.7 50.0 .42 

2/96 250" 10.5 46.0 

3/96 303 13.5 45.0 

.38 

.38 

4/96 19gb 8.6 41.0 .34 

5/96 127 '~~ 5:7 42.0 .35 

6/96 173d.e 7.5 42.0 .35 

Total 57.5 Average 44.3 Average .37 

" Well periodically out of service 1/27 to 2/4. 
Well out of service 4/19 and 4/23. It was not recalibrated until 4/27. 
Well out of service 5/24 to 5/28. 
Well out of service 5/31 to 6/5. 

e System shut down 6/23 to 6/28 for scheduled maintenance. Well 3924 was not restarted until 7/1/96 
due to additional maintenance. 
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WELL 3925 (RW-2) 
OPERATIONAL SUMMARY SHEET 

Reference Elevation (AMSL) - 540.3 (top of casing) 
Northing Coordinate ('27) - 474,290.32 
Easting Coordinate ('27) - 1,380,034.28 

Hours in reporting period - 4,368 
Hours not pumped - 374 

Hours pumped - 3,994 
Operational percent - 91.4 

Target pumping rate - 300 gpm 

Monthly Measurements at Wellfield 

Average Uranium 

Month 4 9 m )  -Ped OLm (lbsA4 gal) 

1/96 305 13.6 31.0 .26 

Pumping Rate Million Gallons Concentration Well Efficiency 

2/96 274" 11.4 28.0 .23 

3/96 304 13.6 28.0 .23 

4/96 302 . ' 13.0 . 28.0 .23 

193b . 

24W 

8.6 24.0 

10.4 23.0 

.20 

.19 

Total 70.6 Average 27.0 Average .22 

a Well out of service 211 to 214. 
Well out of service 5/24 to 5/28. 
System shut down 6/23 to 6/28 for scheduled maintenance. 
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WELL 3926 (RW-3) 
OPERATIONAL SUMMARY SHEET 

Reference Elevation (AMSL) - 585.0 (top of casing) 
Northing Coordinate ('27) - 474,399.22 
Easting Coordinate ('27) - 1,380,306.40 

Hours in reporting period - 4,368 
Hours not pumped - 1,566 

Hours pumped - 2,802 
Operational percent - 64.1 

Target pumping rate - 400 gpm 

Monthly Measurements at Wellfield 
~ ~~~~ 

Average Uranium 

Month (gpm) Pump4 (I.Cg/L) (lbs/M gal) 

1/96 39 1 17.4 7.9 -07 

2/96 437 18.2 7.4 .06 

3/96 554" 24.7 7.5 . .06 

4/96 487" 21.1 8.8 .07 

5/96 - - - 
6/96 - - 

Pumping Rate Million Gallons Concentration Well Efficiency 

b 

-b 

Total 81.4 Average 7.9 Average .07 

"High pumping rate during March and the first half of April is due to the lack of procedural clarity. 
A new procedure to verify pumping rate relative to target rate was put into effect in July 1996. 
'Well out of service from 511 to 6/30. 
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WELL 3927 (RW-4) 
OPERATIONAL SUMMARY SHEET 

Reference Elevation (AMSL) - 589.0 (top of casing) 
Northing Coordinate (’27) - 474,512.49 
Eating Coordinate (’27) - 1,380,596.15 

Hours in reporting period - 4,368 
Hours not pumped - 468 

Hours pumped - 3,900 
Operational percent - 89.3 

Target pumping rate - 400 gpm 

Monthly Measurements at Wellfield 

Average Uranium 

Month (am) M P d  olg/L) (lbshi gal) 

1/96 406 18.1 1.3 -01 

2/96 405 16.9 1.2 .01 

3/96 406 18.1 1.1 .01 

Pumping Rate Million Gallons Concentration Well Efficiency 

4/96 254” 11.0 1.1 .01 

5/96 . 370 16.5 1.2 .01 

6/96 286b*c 12.4 1.2 -01 

Total 93.0 Average 1.2 Average .01 

a Well out of service 414 to 418 and 4/25 to 4/30. 
Well out of service 614 to 616. 
System shut down 6/23 to 6/28 for scheduled maintenance. 
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WELL 3928 (RW-5) 
OPERATIONAL SUMMARY SHEET 

Reference Elevation (AMSL) - 588.3 (top of casing) 
Northing Coordinate ('27) - 474,608.92 
Easting Coordinate ('27) - 1,380,841.74 

Hours in reporting period - 4,368 
Hours not pumped - 4,368 

Hours pumped - 0 
Operational percent - 0 

Target .pumping rate - 0 

Monthly Measurements at Wellfielda 
~ ~~~ 

Average Uranium 
Pumping Rate" Million Gallons Concentration" Well Efficiency" 

Month (gPm) pumped" OlgW (1bsM gal) 

1/96 0 0 

2/96 0 0 

- --- 
-- -- 
-- -- 3/96 0 . .  0 

4/96 

5/96 

0 

0 

I 

I 

- - 6/96 0 0 

Total 0 Average - Average - 

"This recovery well is shut down because it is not needed currently to meet system objectives due to 
observed low concentrations of uranium in this well's discharge water when the system was in 
operation. 
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WELLFIELD OPERATIONAL SUMMARY SHEET 

Total gallons pumped this reporting period (M gal) - 303 
Total uranium recovered this reporting period (lbs) - 43.4 
Average system efficiency this reporting period (lbs/M gal) - .14 
Gallons pumped from August 1993 to June 1996 (billion gal) - 1.9 
Uranium recovered from August 1993 to June 1996 (lbs) - 266.2 
System efficiency from August 1993 to June 1996 (lbs/M gal) - .14 

Monthly Measurements at Storm Water Retention Basin Valve House 

Average Well Pumping Rates 
( a m )  Total System Total System Average 

Pumping Rate Uranium Concentration 
Month 3924 3925 3926 3927 3928 (gPm) olg/L) 

1/96 262 305 391 406 0 1364 20.0 

2/96 250 274 437 405 0 1366 20.2 

3/96 303 304 554" 406 0 1567 

4/96 199 302 487" 254 0 1242 

17.8 

23.5 

5/96 127 193 0 370 0 690b 21.3' 

6/96 173 240 0 286 0 699' 19.4 

Average 20.4 

"High pumping rate of Well 3926 during March and the first half of April is due to the lack of 
procedural clarity. A new procedure to verify pumping rate relative to target rate was put into effect 
in July 1996. 
Well 3926 not functioning during May and June. 
'System shut down 6/23 to 6/28 for scheduled maintenance. Well 3924 was not restarted until 7/1/96 
due to additional maintenance. 
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2.0 MONITORING WELL SUMMARY 

Currently, water elevation data are collected from the 49 DMEPP monitoring wells shown in 

Table 2-1. Nine of these wells were added during this reporting period to improve coverage in the 

area of the northeast lobe of the uranium plume. For the period covered by this report these 

measurements were collected quarterly. This is a change from the past when water elevation data 

were collected monthly. This decrease in the frequency of data collection was a result of the stability 

of the recovery wellfield pumping rates during previous reporting periods. However, because of the 

variation in pumping rates of.the recovery wellfield which occurred during this reporting period, and 

also because of the above average precipitation, groundwater elevation data collection will return to a 

monthly frequency during subsequent reporting periods. In the future, this frequency could again be 

reduced to quarterly when the system appears to have stabilized. These elevation data are used to 

assess the effective capture of uranium-contaminated groundwater by the recovery wellfield, as 

reported in Section 4.0. 

Currently, groundwater quality data are collected from 57 monitoring wells (Table 2-2). Figure 1-1 

shows the location of all wells that provide analytical results for the DMEPP and Table 2-2 identifies 

the constituents analyzed for. This information is used to prepare statistical summary tables 

(Section 3.0) and to provide contour maps of the uranium plume at the Type 2- and Type 3-well- 

depth intervals (Section 4.0). Groundwater quality sampling of the DMEPP wells occurs on a 

quarterly basis. Additional sampling is performed based on data needs determined by analytical. 

review of the data as results become available. 
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TABLE 2-1 
DMEPP MONITORING WELU FOR THE GROUNDWATER ELEVATION PROGRAM 

~ ~~ 

49 Total Wells" 

2002 3062 
2015b ' 3093 
2070b 3095 
2093 3125 
2095 3128 
2106b 3396 
21063b 3624 
21 194b 3636 
2125 3880 
2126 3881 
2128 3897 
2166b 3898 
2394 3899 
2396 3900 
2398b 3927 
2434b 

. 2543 
2544 
2545 
2546 
2548 
2551b 
2552 
2553 
2624 
2625 
2636 
2702 
2880 
2881 
2897 
2898 
2899 
2900 

"Well 2061 was removed due to lack of aqxss. 
. bWell added to program d m g  this reportmg period. 
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TABLE 2-2 

DMEPP MONITORING WELLS AND ANALYTICAL PARAMETERS FOR THE 
GROUNDWATER SAMPLING PROGRAM 

34 original Analytical 23 Supplemental Analytical 
Wells Parametersa WellsIDate Addedb Parametersa 

2002 
206 1 
2083 
2095 
2125 
2128 
2544 
2545 
2548 
2624 
2625 
2636 
2880 
2881 
2897 
2898 
2899 
2900 
3093 
3095 
3125 
3 128 
3624 
3636 
3880 
3881 
3897 
3898 
3899 
3900 
3924 
3925 
3926 
3927 

FER\CRUS\DMEPP\SEC-2\September 20, 1996 1 : 15pm 
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2015 12194 (5195) 
2017 12194 (5195) 
2060 12195 (2195) 
2106 12194' 
21063 15194 (5195) 
2166 I 5195 (5195) 
2396 15195 (5195) 
2398 I 1194' 
2434 I 1/94' 
2550 12194 (5195) 
2551 I 2194 (5195) 
2552 12194 (5195) 
2553 12194 (5195) 
3015 12194 (5195) 
3062 l(6195) 
3069 I 1/96' 
3106 I 2194' 
3396 l(6195) 
3550 12194 (5195) 
3551 I 2194 (5195) 
3552 12194 (5195) 
21194 I 2195 (2195) 
4125 l(6195) 
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TABLE 2-2 
(Continued) 

aA Dissolved oxygen, pH, specific conductance, temperature (analyzed in the field) 
B Total uranium (analyzed at the on-site laboratory) 
C Arsenic, phosphorus (total), potassium, sodium (Paddys Run Road Site [PRRS] inorganics) 
D Benzene, cumene (isopropyl benzene), ethyl benzene, toluene, xylene (PRRS organics) 
E Arsenic (collected on a weekly basis; see results in Appendix A for exact sample collection dates) 

bDate added identifies when analytical results were first used in support of findings for the DMEPP. The date 
in parentheses is when the monitoring well was formally added to the DMEPP sampling program. 

CMonitoring well is sampled under a separate program but provides the necessary analytical results on a 
sampling schedule compatible with the DMEPP. 
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3.0 ANAL,YTICAL DATA SUMMARY 1 

Statistical summaries (minimum, maximum, average, standard deviation, and trend) from unfiltered 

samples for data from individual wells are presented in Tables 3-1 through 3-5 for total uranium, 

arsenic, phosphorus, potassium and sodium, respectively. Appendix A consists of validation 

qualifiers and a disk containing the analytical data used to prepare this report. Appendix B contains 

concentration plots for each monitoring well over time for total uranium data from unfiltered samples. 

8 

As in previous System Evaluation Reports, the Mann-Kendall trend test was performed on total 

uranium, arsenic, phosphorus, potassium, and sodium sampling results from August 27, 1993 through 

June 30, 1996. Tables 3-1 through 3-5 include summaries of the Mann-Kendall test results by analyte 

and location, the number of distinct sampling events used in the calculation, and the probability that 

the trend calculated is due to chance. In preparing these tables only data with validation qualifiers 

"-," "J," "NV," "U," and "UJ" were used (see Appendix A). All "U" and "UJ" qualified data were 

used at one-half the reported value. Details of the Mann-Kendall trend calculation are given in 

Appendix C. 0 
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The ManniKendall probability value gives the probability that the apparent trend is due to chance and 18 

19 not a real trend. A probability value of .05 indicates that there is only a five percent chance that the 

observed trend is simply an artifact of random fluctuation (random error) and not a trend at all. In m 

other words, there is a five percent chance of declaring that there is a trend (upward or downward) 

when in actuality there is no trend. In Tables 3-1 through 3-5 a probability value less than or equal 

to five percent (.05) was interpreted as a significant trend and a probability value less than or equal to 

10 percent (.lo) but greater than five (.05) percent was interpreted as a marginally significant trend. 

21 

22 

23 

24 

25 

No statistical summaries or Mann-Kendall trend tests were performed on the volatile organic 

constituents (benzene, cumene, ethylbenzene, toluene and xylene) sampled for under the DMEPP 

because no detections were noted during the reporting period. 

In order to assist in the assessment of data collected since system start-up, Mann-Kendall test results 

with significant upward or downward trends identified from August 27, 1993 through June 30, 1996 

have been compiled in Table 3-6 for total uranium, arsenic, phosphorus, potassium and sodium, along 

with specific explanations for each trend. 
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An examination of the trend values for total uranium data (Table 3-6) shows that 14 wells have 

significant downward trends, and 11 of these 14 wells are located within the extent of the total 

uranium plume. Two of the 14 wells exhibiting significant downward trends, Well 3881 and 

Well 3899, are located outside the plume. They had average total uranium concentration values for 

this reporting period of 0.15 pg/L and 0.6 pg/L, respectively, and have consistently had total uranium 

concentrations within the background range (0.1 to 3.1 pg/L). Well 2552, located along the plume 

boundary, is of particular note. This well was used to define the extent of the southern lobe of the 

20 pg/L isopleth of the total uranium plume at the Type 2 well-depth interval. Total uranium 

concentrations in this well have historically shown seasonal fluctuations around the 20 pg/L level 

(see Appendix B). While this seasonal fluctuation is apparent, Well 2552 is identified as having a 

significant downward trend in Table 3-1. More information on Well 2552 is presented in 

Sections 4.1 and 4.2. 

As shown on Table 3-6, 12 wells were identified as exhibiting significant upward trends for total 

uranium. Of these, only Well 2899 is located outside of the capture zone. However, the total 

uranium concentrations in Well 2899 were within the background range (1.8 and 1.9 pg/L during this 

reporting period). Because of these low uranium concentrations, this well is currently not considered 

to be a problem. It will continue to be monitored as part of the DMEPP groundwater monitoring 

program. 

The wells with a significant upward trend that are located within the capture zone are not considered 

to be a problem because the groundwater contained within them will be extracted and treated as 
appropriate. Some of these wells, though, need to be discussed individually. Well 2398 continues to 

show an increasing trend with an average concentration of 21.4 pg/L during this reporting period. 

This is up from the August 27, 1993 to December 31, 1995 average of 8.5 pg/L as shown in 

Table 3-1. This well is located near the northeastern lobe of the total uranium plume (see Figure 4-1) 

and within the capture zone. Total uranium concentrations in Well 2398 will continue to be 

monitored and results presented in subsequent system evaluation reports. 

Wells 2880 and 3624 show significant upward trends for uranium even though the average total 

uranium concentrations (1.4 pg/L for Well.2880; 0.6 pg/L for Well 3624) are within background 

levels during this reporting period. The upward trend, if real, is attributed to the arrival of the 

leading edge of the total uranium plume as it moves toward the recovery system. 
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Well 2900 exhibits a significant upward trend with an average total uranium concentration of 

9.4 pg/L for this reporting period. This concentration is no longer within the background range. 

This well is south of the recovery system and near the boundary of the interpreted capture zone, as 
shown in Figure 4-10. The colloidal borescope data gathered from this well showed that the 

groundwater flow direction is to the northwest, as shown in Appendix D. This demonstrates that it is 

within the recovery well capture zone. Well 2900 will continue to be monitored and reported on in 

future System Evaluation Reports. 

Table 3-6 reveals that Well 2128 shows no trend. Concentrations dropped from 12.0 and 11 .O pg/L 

during the previous reporting period to 4.5 and 2.3 pg/L this reporting period. This is important 

because it was the only well outside the capture zone to show a significant upward trend for total 

uranium in the April 1996 System Evaluation Report. Well 2128 will continue to be monitored, and 

it will be discussed in subsequent system evaluation reports should it again show a significant upward 

trend. 

During this reporting period, three wells (3069, 3880 and 4125) exhibited a significant upward trend 

for the first time. Well 3880 had total uranium concentrations of 2.3 and 2.2 pg/L in the first and 

second quarter samples of 1996, respectively. These concentrations are within the background range. 

Well 4125 has historically never contained groundwater with a total uranium concentration greater 

than 1.0 pg/L until the second quarter sample of 1996, when the concentration was 9.8 pg/L. While 

it is possible that this value is anomalous, this well will cdntinue to be monitored and reported on in 

subsequent System Evaluation Reports. Finally, Well 3069 had a concentration of 130 pg/L in the 

fourth quarter of 1995. After peaking at 224 pg/L in the first quarter of 1996, the concentration fell 

back to 130 pg/L during the second quarter sampling. The increasing concentrations are believed to 

be due to an area of recharge near the well. It is believed that the recharge is forcing the 

contamination to the Type 3 well depth. A more detailed discussion of Well 3069 is presented in 

section 4.1. 

An examination of the arsenic trend values in Table 3-6 shows that no wells exhibit a significant 
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upward trend. Well 2636 no longer shows a significant upward trend, as was reported in the 30 

31 April 1996 System Evaluation Report. 

capture of PRRS constituents, exhibited 8 significant downward trend in arsenic concentrations. 

Well 2900, which is used as an early warning for potential 
32 e 33 
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Mann-Kendall trend results for the remaining PRRS constituents (potassium and sodium) are also 

presented in Table 3-6. Phosphorus does not appear in the table since no significant trends were 

found. 

For potassium, there were no significant upward trends during this reporting period. This was not 

the case for sodium, which showed one well (Well 2899) with a significant upward trend. The 

average concentration in this well increased from 15.95 mg/L in the August 1993 to December 1995 

period to 18.65 mg/L in the January to June 1996 period. This concentration has been higher in the 

past (maximum value = 22.9 mg/L on 2/8/95), but because of the significant upward trend, it will be 

examined in future System Evaluation Reports. Well 3898, which showed the sodium concentration 

trend to be significantly upward in the April 1996 report, no longer showed this trend. 

As discussed in the previous System Evaluation Reports, sodium concentrations have increased in 

Well 2900. This is again the case this reporting period. The average concentration for the 

August 1993 to December 1995 period is 28.72 mg/L. The sodium concentrations found in this well 

in 1996 were 33.3 and 43.1 mg/L, the latter of which is the maximum value for Well 2900. In 

addition, the well showed a marginal upward trend for the first time in this report. Mann-Kendall test 

results from previous reports have shown no significant trend. Because sodium is a PRRS 

constituent, Well 2900 will continue to be monitored for sodium and the results presented in the next 

scheduled system evaluation report. 
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TABLE 3-6 

SUMMARY OF SIGNIFICANT MANN-KENDALL TRJ3ND TEST RESULTS 
FOR SELECT ANALYTES (AUGUST 27,1993 - DECEMBER 31,1995) 

Average 
Well No. of Concentrationb 
No. Samples Probability Trenda (pg/L) Explanation 

Total Uranium 
2015 

2060 

206 1 

2125 

2398 

2545 

2880 
2897 

2899 
2900 
3069 

3095 
3125 

3550 

3 624 
3880 
3881 

10 

10 

21 

14 

12 

14 

10 

20 

,2 1 
14 

14 
14 
12 

14 
14 

10 

14 
14 
14 

0.001 

0.036 

0.001 

0.003 

0.012 

0.021 

0.005 

0.003 

0.003 
0.001 

0.001 
0.001 
0.001 

0.001 
0.040 

0.001 

0.016 
0.026 
0.023 

Down, Sig. 

Down, Sig. 

Down, Sig. 

Down, Sig. 

Up, Sig. 

Down, Sig. 

Down, Sig. 

Down, Sig. 

Up, Sig. 
Down, Sig. 

Up, Sig. 
Up, Sig. 
Up, Sig. 

Up, Sig. 
Up, Sig. 

Down, Sig. 

Up, Sig. 
Up, Sig. 
Down, Sig. 
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133.0 

47.5 

150.0 

13.0 

21.4 

26.5 

18.5 

63 .O 

1.4 
0.8 

1.9 
9.4 

155.7 

17.0 
55.0 

3.3 

0.6 
2.25 

0.2 

3-1 1 

Source removal and effectiveness of recovery 
wellfieldC 
Source removal and effectiveness of recovery 
wellfieldC 
Source removal and effectiveness of recovery 
wellfieldC 
Source removal and effectiveness of recovery 
wellfieldc 
Continued migration of the northeastern lobe of the 

! outh Plume recovery system 
Source removal and effectiveness of recovery 
well fieldC 
Source removal and effectiveness of recovery 
well fieldC 
Source removal and effectiveness of recovery 
wellfield' 
Concentration within the background range 
Source removal and effectiveness of recovery 
well field' 
Concentration within background range 
Unknown; will continue to evaluate 
Recharge area forcing contamination deeper into 
the aqwfer 
Induced capture 
Recharee area forcing contamination deeper into 
the aqufer 
Source removal and effectiveness of recovery 
wellfieldC 
Concentration within background range 
Concentration within background range 
Concentration within the background range 

lume; will be addressed by optimization of the 
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TABLE 3-6 
(Continued) 

Average 
Well No. of Concentrationb 
No. Samples Probability Trenda (pg/L) Explanation 

Total Uranium (Contd.) 
3 897 21 0.003 Down, Sig. 0.5 Well is within the range of background 
3899 14 0.004 Down, Sig. 0.6 Concentration within background range 
3924 32 0.001 Down, Sig. 44.1 Source removal and effectiveness of recovery 

well field’ 
3 925 40 0.001 Up, Sig. 27.0 Recovery of area of plume with higher 

3926 39 0.001 Up, Sig. 7.9 Recovery of area of plume with higher 

3927 34 0.001 Down, Sig. 1.2 Recovery of area of plume with lower 

concentrations than originally at recovery well 

concentrations than originally at recovery well 

concentrations than originally at recovery well 
4125 5 0.042 Up, Sig. 5.4 Unknown; will continue to evaluate 

Arsenic (mg/L) 
2128 136 0.001 Down, Sig. -01 1 Natural migration of PRRS plume 
2625 128 0.019 Down, Sig. .012 Natural ‘migration of PRRS plume 
2900 136 0.046 Down, Sig. 0.009 Natural migration of PRRS plume 
3128 14 0.035 Down, Sig. .004 Natural migration of PRRS plume 
Potassium 
2128 14 0.024 Down, Sig. 2.23 Natural migration of PRRS plume 
2548 13 0.039 Down, Sig. 5.03 Natural migration of PRRS Plume 
2900 15 0.006 Down, Sig. 1.24 Effective operation of recovery wellfield 

sodium 
2548 13 0.050 Down, Sig. 24.90 Natural migration of PRRS plume 
2899 14 0.045 Up, Sig. 18.65 Unknown; will continue to evaluate 
3128 14 0.001 Down, Sig. 4.49 Natural migration of PRRS plume 
3636 14 0.001 Down, Sig. 7.18 Natural migration of PRRS plume 
3899 14 0.019 Down, Sig. 7.48 Natural migration of PRRS plume 
3900 14 0.024 Down, Sig. 4.47 Natural migration of PRRS plume 

aUp, Sig. = Up, Significant 
Down, Sig. = Down, Significant 

bAverage concentration for January 1 to June 30, 1996 
‘Source removal refers to the 1986 installation of the SWRB which effectively reduced uranium loading to the 
aquifer by Paddys Run. The term “effectiveness of recovery wellfield“ is a reference to the mass removal of 
uranium from the plume by the recovery system. 
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4.0 CAPTUREASSESSMENT 

One of the requirements of the DMEPP is to determine if the recovery wellfield is serving as a 

complete hydraulic barrier to migration of the total uraniwh plume, preventing uranium north of the 

recovery wellfield from migrating past it. This is accomplished by performing capture zone analyses 

using actual and modeled data, and by comparing the results. This comparison allows the use of 

modeled results to predict future capture based on hypothetical changes to the recovery well pumping 

rates and to assist in assessing various pumping configbrations as needed. For this reporting period, 

three pumping scenarios were modeled to assess capture under the various pumping scenarios 

employed during the period. These scenarios are: 

For January and February, the optimal 1,400-gpm pumping scenario was used (i.e., 
Wells 3924 and 3925 pumped at 300 gpm each, Wells 3926 and 3927 pumped at 400 gpm 
each, and Well 3928 was shut down) 

In March and for part of April, the system was pumping at an average of about 
1,550 gpm, due primarily to the additional pumpage from Well 3926 (See Wellfield 
Operational Summary Sheet, Section 1.0). 

From late April until the end of June, the system was pumping at 1,000 gpm with 
Wells 3924 and 3925 pumping at 300 gpm each, and Well 3927 pumping at 400 gpm. 

These alternate pumping scewios were modeled with the site groundwater model to define the 

changes in the hydraulic capture zone. The results are presented and discussed in Section 4.3. 

4.1 Total Uranium Plume Data 

Figures 4-1 and 4-2 show the first quarter 1996 total uranium plume at Type 2 and Type 3 well 

depths, respectively. The data used to create these figures were gathered in late January and early 

February 1996. Similarly, Figures 4-3 and 4 4  show the second quarter 1996 total uranium plume at 

Type 2 and Type 3 well depths, respectively. These data were collected in late April and early 

May 1996. Both the first and second quarter total uranium plumes are similar in size and shape to 

the fourth quarter 1995 plume presented in the April 1996 DMEiPP System Evaluation Report. With 

the collection and mapping of the 1996 data, a cyclic trend of seasonal fluctuation in the western 

boundary of the Type 2 total uranium plume (as defined by monitoring Wells 2551 and 2552) is 

becoming apparent. 
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A review of the historical uranium concentration data from these two monitoring wells indicates that 

the total uranium concentrations tend to increase in the first and third quarters of each calendar year 

and decrease in the second and fourth quarters of each year (See the total uranium concentration plots 

in Appendix B for these wells). 

Specifically, monitoring Well 2551 exhibited a uranium concentration of 7.5 pg/L in the fourth 

quarter of 1995 which was down from the previous concentration of 28 pg/L during the third quarter 

of 1995. The concentrations in this monitoring well increased again in the first quarter of 1996 up to 

28 pg/L, and then decreased slightly to 24 pg/L in the second quarter of 1996. A similar cyclic trend 

is seen in the data for monitoring Well 2552; however, the overall trend for this well is "Down 

Significant" as shown in Table 3-1. Well 2551 exhibits no statistical trend for uranium. It is 

believed that the fluctuations in uranium concentration in these two wells are due to their close 

proximity to Paddys Run and resulting sensitivity to recharge events. These wells will continue to be 

sampled for uranium and monitored with the borescope to confirm that a correlation exists between 

the recharge events from Paddys Run and the western plume boundary at the Type 2 well depth 

interval. 

The uranium plume continues to show a bifurcation around the on-property monitoring Well 2434 just 

north of Willey Road, resulting in the northeast lobe of the plume. Data collected under the Private 

Well Monitoring Program indicate that concentrations at Homeowner Well 13 were at 123 ppb in 

February of 1996 and then decreased slightly to 97 ppb in June. This data has been added to the 

DMEPP program and the contoured Type 2 uranium plume in Figures 4-1 and 4-3 have been adjusted 

to reflect this additional data. 

In order to better understand this northeast lobe of the plume, the colloidal borescope was placed in 

Well 2434 in March 1996 to monitor groundwater flow direction at this location. Contrary to what 

was expected, the results indicate that groundwater flow in monitoring Well 2434 is to the north- 

northwest, as shown in Appendix D. Specifically, colloids were observed flowing through the well 

bore at the screened interval at a heading of 325" with a 17.9" standard deviation. 

As shown on Figure 4-1, monitoring Well 2434 is located near a natural surface water drainage ditch 

which drains an area approximately 200 to 250 acres in size immediately south of Willey Road along 

the southern F E W  property boundary. Where this natural drainage ditch crosses Willey Road and 
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enters the FEMP property, most of the glacial overburden has been eroded allowing surface water 

(draining from south to north) to infiltrate directly into the Great Miami Aquifer. Coupled with the 

borescope results from monitoring Well 2434 showing groundwater flow to the north-northwest at this 

location, it is believed that this local area is a natural recharge point for the aquifer. As relatively 

clean surface water flowing from south to north infiltrates at this point, the existing groundwater 

contaminated with uranium is diluted in the shallow part of the aquifer so that the plume appears to 

bifurcate. Furthermore, as the contaminated groundwater moving from northwest to southeast with 

the regional groundwater flow encounters the freshwater at the recharge point, it is believed that the 

contaminated groundwater is pushed deeper into the aquifer. This would explain why low uranium 

concentrations have historically been observed at monitoring Well 2434 while concentrations above 

100 pg/L have been observed at the same location in monitoring Well 3069, which is screened 

between the Type 2 and Type 3 well depth intervals (Compare Figures 4-1 and 4-2). An investigation 

to determine the extent of the deeper portion of the uranium plume in this area will be conducted as 

part of the Project Specific Plan (PSP): Restoration Area Verification Sampling. This PSP was 

identified in the OU5 Remedial Design Work Plan and is being submitted concurrently with this 

report. a 
Although total uranium concentrations in the on-property monitoring Well 2015 continue to decrease 

as shown in the concentration plots in Appendix B, an additional 100 pg/L contour was added to the 

plume map in this area for both the first and second quarter Type 2 plume maps (Figures 4-1 

and 4-3). This contour was inadvertently omitted from the maps in the previous DMEPP report 

(April 1996). 

Figures 4-2 and 4-4 show the total uranium plume data for Type 3 monitoring wells. The plumes are 

similar to that shown for the Type 3 well depth interval in the April 1996 DMEPP Report; however, 

the central part of the plume extends further to the north as a result of the increase in total uranium 

concentrations in monitoring Well 3095 during both the first and second quarters of 1996. 

Concentrations in monitoring Well 3095 increased from 11 pg/L in 1995 to 15 pg/L and 19 pg/L in 

the first and second quarters of 1996, respectively. This confirms the significant upward trend 

reported for uranium concentrations in this well in the April 1995 DMEPP Report. This upward 

trend is believed to be due to a combination of natural plume migration and pumping of the recovery 
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4.2 Water Elevation and Hydraulic Capture Zone Data 

Due to the above average amount of precipitation in the Cincinnati area during the winter and early 

spring of 1996, water elevation maps have been included for Type 2 wells for both the first and 

second quarters of 1996 and are shown in Figures 4-5 and 4-6, respectively (The Type 2, 20 pg/L 

total uranium contour for the respective sampling period is also included in these figures). In general, 

the hydraulic capture zones inferred from the water elevation contours are similar to capture zones 

presented in previous DMEPP reports. In the first quarter, the southwestern most tip of the total 

uranium plume is outside the capture zone at the Type 2 well depth interval (Figure 4-5). In the 

second quarter, because the concentrations in monitoring Well 2552 decreased to 16 pg/L, all of the 

uranium plume at the Type 2 well depth interval is within the capture zone. 

The Type 3 total uranium plumes for the first and second quarter sampling events are shown in 

Figures 4-7 and 4-8, with the Type 2 groundwater elevation contours and capture zones. Since there 

are no significant vertical gradients in the Great Miami Aquifer (Section 3.6.2.2, page 3-61, and 

Figure 3-58 of the OU5 FU), and since interpretations of Type 2 and Type 3 water elevation data from 

previous DMEPP reports have shown little or no difference in water table elevations, the Type 3 

uranium plumes are shown here with Type 2 water elevation data. The Type 2 water elevation 

contours are believed to be more representative of the actual water table surface because of the higher 

density of Type 2 wells versus Type 3 wells. For this reason, pending EPA approval, groundwater 

elevation data will not be collected from Type 3 wells in the future. However, borescope directional 

data will continue to be collected in selected Type 3 wells to confirm the capture zone location with 

depth. Figures 4-7 and 4-8 show that the total uranium plume at the Type 3 well depth interval is 

within the hydraulic capture zone for both the first and second quarter sampling rounds. 

Hydraulic capture' zones derived from the first and second quarter elevation data are superimposed in 

Figures 4-9 and 4-10, and are shown with the 20 pg/L total uranium contours for both Type 2 and 

Type 3 wells, respectively. Shown with the capture zones from the two quarters of data are 

borescope directional data obtained in the first quarter of 1996 from monitoring Wells 2552, 3552, 

2900, 3900, 2899, 3899, 2898, and 3898 which lie along the southern boundary of the recovery 

system capture zone. The borescope directional data for each of these wells is presented in 

Appendix D. In general, the borescope data confirm the location of the hydraulic capture zone. 

Well 2900 is within the capture zone while Well 3900 is outside the capture zone. Similarly, 
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Wells 2899, 3899, 2898, and 3898 are outside the capture zone since colloidal flow directions are 

generally to the south from these wells. 
a 

The borescope data from monitoring Well 2552 is inconclusive because preliminary flow data 

obtained from Well 2552 in late December 1995 showed flow to the northeast from this well toward 

the recovery system. However, the data obtained in February 1996 and presented here shows flow at 

an angle of 88" with a standard deviation of 33.1", almost due east. These variations in flow 

directions 'are likely related to fluctuations in the flow and subsequent infltration of water in Paddys 

Run. Additional borescope data will be obtained at this well location so that a more reliable 

interpretation of seasonal flow directions can be made at 'this well. 

4.3 Modeled CaDture Zones 

As mentioned earlier, three distinct pumping configurations occurred during this reporting period with 

total system pumpage ranging from 1,000 gpm during May and June when recovery Well 3926 was 

out of service to 1,550 gpm during March and part of April. These alternate pumping configurations 

were modeled with the site groundwater model and compared to 'the optimum 1,400-gpm pumping 

scenario. The hydraulic particle tracks and modeled capture zone for the optimum 1400 gpm 

pumping configuration is shown in Figure 4-11 with the Type 2, 20 pg/L uranium contour while the 

modeled results for the 1550 and 1000 gpm pumping configuiations are shown in Figures 4-12 

and 4-13 respectively. A comparison of the capture zones for the alternate pumping configurations 

shows that the capture zone for the 1000 gpm pumping configuration decreased in size by about 

500 feet as measured along Willey Road at the northeast lobe of the South Plume. Consequently, the 

northeast lobe of the plume was not within the capture zone during the time this pumping 

configuration was in effect (from late April to the end of June). 

The 1,550 gpm pumping configuration increased the size of the capture zone at this location by about 

100 feet as measured along Willey Road. Consequently, capture of the northeast lobe of the plume 

was not affected. The capture zone associated with the 1,550 gpm pumping configuration did expand 

approximately 100 feet immediately south of the recovery system but based on the fact that there were 

no increases in Paddys Run Road Site constituents in monitoring wells along the southern boundary of 

the capture zone, it is concluded that there was no impact to Paddys Run Road Site Plume due to the 

higher pumping rates during these two months. a 
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The southwestern lobe of the total uranium plume as defined at monitoring Well 2552 was outside the 

capture zone for all three pumping configurations based on modeling results. However, as discussed 

earlier in Section 4.2, the uranium sample data, flow divides derived from groundwater elevation . 

data, and borescope results for monitoring Well 2552 indicate that the well was within the capture 

zone for at least part of the reporting period. 

The Type 3 total uranium plume from the first quarter sampling round is shown with the modeled 

capture zones in Figures 4-14 through 4-16. While analysis of the modeled data shows some of the 

20 pg/L uranium isopleth is not captured at the Type 3 well interval, the flow divides derived from 

measured data (Figures 4-7 and 4-8) show complete capture. The interpreted capture zones in 

Figures 4-7 and 4-8 are drawn from the measured water elevation data and the borescope 

observations, and are considered more accurate than the model predicted capture zones. 

2 

3 

4 

5 

6 

1 

a 

9 

10 

11 

12 

FER\CRU5\DMEPP\SEC4Wptember 20, 1996 1: 17pm 4-6 



NOTE.: BASED ON F I R S T  QUARTER 1996 DATA LEGEND: 
-.-.- FEMP BOUNDARY 

TOTAL URANIUM 
CONCENTRATION CONTOUR 

2553 WELL NUMBER 

SCALE 
+ tl TOTAL URANIUM CONCENTRATION (/-Lg/L) 

! 
800 400 0 800 FEET 

F I G U R E  4 -1 .  
TOTAL URANIUM.PLUME. TYPE 2 M O N I T O R I N G  WELLS. F I R S T  OUARTER 1996 



3093 

0.0 
+ 

i 

i 

I 
J 

7 -  - 

3098 

0.4 
+ 

LEGEND: 
- - - - -  FEMP BOUNDARY 

NOTE: BASED ON F I R S T  QUARTER 1996 DATA 
DASHED CONTOURS BASED ON ONE 
DATA POINT 

\20/ TOTAL URANIUM 
CONCENTRATION CONTOUR 

TOTAL URANIUM CONCENTRATION (pg/L 1 
3553 WELL NUMBER 

SCALE 
+ 1.1 + 

800 400 0 800 FEET 

F I G U R E  4-2. 
TOTAL U R A N I U M  PLUMEI TYPE 3 MONITORING WELLSI F I R S T  UARTER 1996 

. .  00o047 



.- 

21063 

3.5 
4 

2093 

0.5 
4 

LEGEND: 
- - - - -  FEMP BOUNDARY 

NOTE: BASED ON SECOND OU'ARTER .I996 DATA 

L z o /  TOTAL URANIUM 
CONCENTRATION CONTOUR 

TOTAL URANIUM CONCENTRATION ( p g / L )  
2553 WELL NUMBER 

SCALE 
4 1.1 

t 
800 400 0 800 FEET 

F IGURE 4 - 3 .  
TOTAL URANIUM PLUME. TYPE 2 MONITORING WELLS* SECOND OUARTER 1996 

008038 i .  



3093 

0.5 
+ 

r -  - 7 -  ._ - 

LEGEND: 
- - - - -  FEMP BOUNDARY 

\zo/  TOTAL URANIUM 
CONCENTRATION CONTOUR 

NOTE:, BASED ON SECOND OUARTER 1996 DATA 
DASHED CONTOURS BASED ON ONE 
DATA POINT 

1 

3553 WELL NUMBER 

SCALE 
+ 1.1 TOTAL URANIUM CONCENTRATION (,LLg/L 1 + 

800 400 0 800 FEET 

FIGURE 4-4.  
TOTAL URANIUM PLUME, .TYPE 3 MONITORING WELLS, SECOND OUARTER 1996 



c 

t 

I 
1 

LEGEND : 
FEMP BOUNDARY 

2 0 p g / L  TYPE 2 TOTAL URANIUM 
PLUME FOR JANUARY 1996 

- - - _ -  
- = - - . I  FLOW D I V I D E  

rZo\ 
s,b.S \ GROUNDWATER ELEVATION 

/ CONTOURS ( AMSL 1 

SCALE 

/ 1 
800 400 0 800 FEET 

~~ ~ 

F IGURE 4-5. JANUARY 1996 GROUNDWATER E L E V A T I O N S  
TYPE 2 WELLS AND TYPE 2 TOTAL URANIUM PLUME 

- 1  000050 



LEGEND: 
-_-_- FEMP BOUNDARY 

FLOW D I V I D E  

2Op,g/L TYPE 2 TOTAL URANIUM 
r20\ PLUME FOR APRIL 1996 

-..-., 

.b 

SCALE 1 

OOOOSZ 

GROUNDWATER ELEVATION 
CONTOURS ( AMSL 1 

800 400 0 800 FEET 

F IGURE 4-6. A P R I L  1996 GROUNDWATER ELEVATIONS 
TYPE 2 WELLS AND TYPE 2 TOTAL URANIUM PLUME 



LEGEND: 

- - - - -  FEMP BOUNDARY 
- * * - - 1  FLOW D I V I D E  

T 2 O \  20,y,g/L TYPE 3 TOTAL URANIUM 
PLUME FOR JANUARY 1996 

5,4.5 \ GROUNDWATER ELEVATION 
/ CONTOURS ( AMSL 1 1 

800 400 0 800 FEET 

F I G U R E  4-7. JANUARY 1996 GROUNDWATER ELEVATIONS 
TYPE 2 WELLS AND TYPE 3 TOTAL URANIUM PLUME (jQfJosz 

I .  



. .  . 

LEGEND: 
- - - - -  FEMP BOUNDARY 

FLOW D I V I D E  

20,%g/L TYPE 3 TOTAL URANIUM 
r20' PLUME FOR- APRIL 1996 

I.. I .'I 

S C A L E  - GROUNDWATER ELEVATION 
CONTOURS ( AMSL 1 

800 400 0 800 FEE 

F I G U R E  4-8. A P R I L  1996 GROUNDWATER ELEVATIONS 
TYPE 2 WELLS AND TYPE 3 TOTAL URANIUM PLUME . .. . 

000053 



LEGEND: 
FEMP BOUNDARY - _ - - - -  

CAPTURE ZONE BASED ON - . . - . . - F I R S T  QUARTER GROUNDWATER 
ELEVATIONS 

f-- GROUNDWATER FLOW 
FOR TYPE 3 DEPTH 

GROUNDWATER FLOW 
f - -  FOR TYPE 2 DEPTH 

CAPTURE ZONE BASED ON F I R S T  QUARTER 1996 

ELEVATIONS URANIUM PLUME 
- - - - - - - - -  SECOND QUARTER GROUNDWATER TYPE 2 TOTAL 

FIGURE 4-9. HYDRAUL IC CAPTURE ZON.ES 
AND GROUNDWATER FLOW VECTORS 

< < '  .. . OOUOS4 



LEGEND: 
FEMP BOUNDARY 

CAPTURE ZONE BASED ON 

E L E V A T I O N S  

- - - _ _ _  

-..-..- F I R S T  QUARTER GROUNDWATER 

+ GROUNDWATER FLOW 
FOR TYPE 3 DEPTH 

GROUNDWATER FLOW 
f - -  FOR TYPE 2 DEPTH 

CAPTURE ZONE BASED ON - F I R S T  QUARTER 199 
SECOND QUARTER GROUNDWATER TYPE 3 TOTAL 
E L E V A T I O N S  URANIUM PLUME 

...------ 
F IGURE 4-1  0. HYDRAUL I C  CAPTURE ZONES 

OOUQ55 
AND GROUNDWATER FLOW VECTORS 



LEGEND: 
TYPE 2 TOTAL URANIUM FEMP BOUNDARY r 2 0 \  CONCENTRAT I ON CONTOUR 

CAPTURE ZONE FOR F I R S T  OUARTER 1996 

(ARROW I N D I C A T E S  D I R E C T I O N )  

- - - - - -  
e..-..- - MODELED FLOW PATH 

800 400 0 800 FEET 

F I G U R E  4 - 1 1 .  MODELED 1400 GPM PUMPING CONFIGURATION.  
_ .  , P A R T I C L E  TRACKS AND CAPTURE ZONE OOOQS6 



LEGEND: 

FEMP BOUNDARY - - - _ _ _  TYPE 2 TOTAL URANIUM rZo\ CONCENTRAT I ON CONTOUR - . . I .  - CAPTURE ZONE FOR F I R S T  OUARTER 1996 

MODELED FLOW PATH 
(ARROW I N D I C A T E S  D I R E C T I O N )  c r ~ i  c 

800 FEET 800 400 0 

F I GURE 4-1 2. MODELED 1 000 GPM PUMP I NG CONF I GURAT I ON * 
P A R T I C L E  TRACKS AND CAPTURE ZONE 

000057 



J - -  
b ,'a e.? 

. 
I378000 1379000 080000 1581000 1382000 

LEGEND: 
TYPE 2 TOTAL URANIUM 

r 2 0 \  CONCENTRAT I ON CONTOUR FEMP BOUNDARY - - - - - _  
-..-..- CAPTURE ZONE FOR F I R S T  QUARTER 1996 

\ MODELED FLOW PATH 
(ARROW I N D I C A T E S  D I R E C T I O N )  SCALE 1 

800 400 0 800 FEET 

F I G U R E  4-13.  MODELED 1550 GPM PUMPING CONFIGURATION.  
P A R T I C L E  TRACKS AND CAPTURE ZONE 

. . ' : .. '?' . .  . -  
(-Jooo= 



LEGEND: 
TYPE 3 TOTAL URANIUM 

r 2 0 \  CONCENTRAT I ON CONTOUR FEMP BOUNDARY - - - _ _ _  
CAPTURE ZONE FOR F I R S T  QUARTER 1996 -I.-..- 

\ MODELED FLOW PATH 
( A R R O W  I N D I C A T E S  D I R E C T I O N )  SCALE 1 

F I G U R E  4 - 1 4 .  MODELED 1400 GPM PUMPING CONFIGURATION, 
P A R T I C L E  TRACKS AND CAPTURE ZONE 

0006)59 



1378000 1379000 1380000 1581000 1382000 

L.EGEND : 

FEMP BOUNDARY - - - - - -  TYPE 3 TOTAL URANIUM 
r 2 0 \  CONCENTRAT I ON CONTOUR -..-..- CAPTURE ZONE FOR F I R S T  OUARTER 1996 

\ MODELED FLOW PATH 
(ARROW I N D I C A T E S  D I R E C T I O N )  SCALE 1 

800 400 0 800 FEET 

F I GURE 4-1 5. MODELED 1000 GPM PUMP I NG CONF IGURAT I ON 9 

OOOOGO P A R T I C L E  TRACKS AND CAPTURE ZONE 
* . .  
:.*,..: r : i  



LEGEND:  
TYPE 3 TOTAL URANIUM rZo\ CONCENTRATION CONTOUR FEMP BOUNDARY 

CAPTURE ZONE FOR F I R S T  QUARTER 1996 

- - - - - -  
-..-..- 
\ MODELED FLOW PATH 

(ARROW I N D I C A T E S  D I R E C T I O N )  SCALE 1 
800 400 0 800 FEET 

F I G U R E  4-16. MODELED 1550 GPM PUMPING CONFIGURATION.  
P A R T I C L E  TRACKS AND CAPTURE ZONE 





FEMP-OS-DMEPP4 DRAFT 
September 30, 1996 

5.0 SUMMARY AND CONCLUSIONS i 

2 

A total of 303 million gallons of water was pumped and 43.4 pounds of uranium were removed from 

the aquifer during the reporting period (January 1, 1996 through June 30, 1996); the average system 

efficiency was 0.14 pounds of uranium removed per million gallons of water pumped. Since 

operations began in August 1993, a total of 1.9 billion gallons of water have been pumped and 

266.2 pounps of uranium have been removed from the aquifer. The net system efficiency 

(August 1993 to June 1996) is 0.14 pounds of uranium recovered per million gallons pumped. 

The wellfield was pumped at three confguratio& during the reporting period: 

For January and February, the optimal 1400-gpm pumping scenario was used. 

In March and for part of April, the system pumped at an average of about 1,550 gpm due 
to additional pumpage from Well 3926. 

From late in April until the end of June, the system was pumped at 1,000 gpm with 
Wells 3924 and 3925 pumping at 300 gpm each and Well 3927 pumping at 400 gpm. 
Well 3926 was out of service during this period pending resolution of the iron fouling 
problem identified in late April. The pumping rate in Well 3927 was increased to 
500 gpm in early July 1996 for a total system pumping rate of 1,100 gpm to maximize 
capture while Well 3926 is out of service. 

Analysis of the water elevation data shows that for most of the reporting period (January through late 

April 1996), the northeast lobe of the plume was within the capture zone. However, when the 

1,000 gpm pumping configuration was in effect (from late April through June 1996), a portion of the 

northeast lobe temporarily falls outside the capture zone while efforts are underway to solve the iron 

fouling problem. 

During the March to late April time frame when the system was pumping at about 1,550 gpm, the 

capture zone extended approximately 100 feet further south than it did under the 1,400 gpm optimal 

pumping configuration. However, since there were no detects of Paddys Run Road Site constituents 

in the wells south of the recovery system in the second quarter sampling event, and since there were 

no changes in the weekly or quarterly arsenic trend data, the system had no additional impact on 

Paddys Run Road Site plumes during this time. 
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Because of variation in the pumping configuration which occurred in this reporting period and due to 

the above average precipitation in the first half of 1996, water elevation data once again will be 

collected monthly instead of quarterly. The frequency of water elevation measurements may be 

returned to quarterly when the aquifer pumpinghecharge systems return to a more stable 

configuration. Because vertical gradients are not significant in the aquifer, groundwater elevation data 

will no longer be collected from Type 3 wells pending EPA and OEPA approval. The borescope will 

continue to be used to monitor flow directions around the recovery system in Type 2 wells and 

selected Type 3 wells to assist in interpreting capture zones derived from the water elevation data. 

An examination of the historical uranium data in Wells 2551 and 2552 (which are used to define the 

western edge of the plume at the Type 2 well depth interval) reveals that total uranium concentrations 

in these wells have a cyclic character which causes the western boundary and the southwestern tip of 

the Type 2 level plume to fluctuate seasonally (Monitoring Well 2552 continues to show a significant 

downward trend in uranium concentrations). While seasonal variation in recharge from Paddys Run is 

suspected to be the cause of this event, additional data is required to confirm this interpretation. 

Borescope data will be collected at these two locations and integrated with precipitation and Paddys 

Run flow data to confirm the suspected relationship between recharge and total uranium concentration 

fluctuations in these two wells. 

Monitoring Well 3069 just north of Willey Road continues to show increasing uranium concentrations. 

Borescope data obtained in the adjacent monitoring Well 2434 (which has low levels of total uranium 

concentration) shows flow to the north which is believed to be due to significant aquifer recharge at 

this point. The recharge comes from a drainage ditch which flows south to north and which drains 

approximately 200 to 250 acres immediately south of the FEW property. 

The influx of surface waters at this point causes’the uranium plume to appear to bifurcate and is 

believed to cause the increase of uranium concentration with depth in monitoring Well 3069. These 

wells are part of the RCRA boundary monitoring program and will continue to be sampled quarterly 

and results reported in future DMEPP and RCRA reports. An investigation to determine the extent of 

the deeper portion of the uranium plume in this area will be conducted as part of the Project Specific 

Plan (PSP): Restoration Area Verification Sampling. This PSP was identified in the OU5 Remedial 

Design Work Plan and is being submitted concurrently with this report. 
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Modeling, design activities, and discussions with affected FEMP neighbors continue on the South 

Plume Optimization system. The number and final location of optimization wells will be submitted 

for EPA approval as soon as all integration issues have been settled and as soon as negotiations are 

concluded with the affected landowners. 

With the issuance of the Integrated Environmental Monitoring Plan (IEMP) and its pending approval 

(subject to comment resolution), the DMEPP sampling and analysis program will be augmented to 

accommodate additional constituents for which final remediation levels (FRLs) have been established 

in the Operable Unit 5 Record of Decision. Sampling under the IEMP is expected to commence in 

the first quarter of 1997. One more DMEPP report is scheduled to be issued in April 1997 for the 

reporting period July 1, 1996 through December 31, 1996. After that time, all reporting for the 

South Plume Recovery System will be done through the IEMP reporting mechanism. 

In conclusion, significant results for this reporting period and recommendations for the next reporting 

period are summarized below. 

Operational changes of note during this reporting period: 

An average uranium recovery efficiency of 0.14 povnds per million gallons pumped was 
maintained for the reporting period which equals the average system efficiency since 
startup in August 1993. 

Three pumping configurations were used during the reporting period. Data analysis 
reveals that no additional impact was made to Paddys Run Road Site plume as a result of 
the 1,550 gpm pumping configuration and that capture of the > 20 pg/L uranium plume 
was maintained under the 1000 gpm pumping configuration except for a portion of the 
northeast lobe of the plume. 

Significant data analysis results include: 

Trend analysis indicates 12 wells with increasing uranium concentrations for this reporting 
period as compared to 11 wells with increasing uranium concentrations during the previous 
reporting period (See Section 3.0). 

Trend analysis indicates 14 wells with decreasing uranium concentrations for this reporting 
period as compared to 16 wells with decreasing uranium concentrations during the previous 
reporting period (See Section 3.0). 
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Analysis of data from Monitoring Well 2552 supports the overall downward trend of 
uranium concentrations in the southwestern tip of the plume. However, a cyclic trend of 
uranium concentrations is observed in this well and in Well 2551 on the western edge of 
the plume. 

The increasing uranium concentrations in Monitoring Well 3069 appear to be related to 
surface water recharge occurring in the drainage ditch just to the west of this well. This 
recharge is pushing contaminated water from the north deeper and causing the plume to 
appear to bifurcate around Monitoring Well 2434 at this same location. This is believed to 

.be the reason for the appearance of the northeast lobe of the plume. 

Recommendations and areas of focus for the next reporting period include: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Collect groundwater level measurements monthly with provisions to return to quarterly 
elevation measurements when the aquifer pumping/recharge systems stabilize. 

Return the wellfield to the optimum 1,400 gpm rate as soon as Recovery Well 3926 has 
been returned to service. 

Continue to collect borescope flow direction data to confirm capture zone interpretations. 

Continue to monitor the recovery wellfield'to ensure negligible influence to the Paddys 
Run Road Site plume. 

Continue to evaluate capture of the contiguous 20 pg/L uranium plume with the use of 
groundwater elevation data in Type 2 monitoring wells and borescope data collected in 
both Type 2 and selected Type 3 wells. 

Collect additional data to verify the plume configuration in the area of Monitoring Well 
3069 as part of the Remedial Design Project Specific Plan (PSP): Restoration Area 
Verification Sampling. 

Continue to seek ways to improve the mechanical reliability of the system and to enhance 
the operating time of the system as remedial design of the South Plume Optimization 
System progresses. 

Continue to monitor the dissipation of the southwestern lobe of the uranium plume which 
at times resides outside the capture zone of the recovery wellfield (Monitoring Well 2552). 

Continue to monitor Wells 3069 and 3398 to evaluate the northeastern lobe of the plume at 
the Type 3 well depth interval. 

Continue to monitor and evaluate uranium concentrations in the northeastern lobe of the 
uranium plume. 

Continue to monitor and evaluate uranium concentrations in Well 2900. 
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Continue to monitor and evaluate uranium concentrations in Monitoring Well 4125 to see if 
concentrations continue to increase or return to background levels. 

Continue to monitor and evaluate sodium concentrations in Wells 2899, 2900, and 3898. 

Make procedural changes in reporting requirements so that pumping wells are maintained 
at their target rates and excursions are reported appropriately so that timely adjustments 
can be made. 

Continue to refine the streamlined reporting approach as necessary, based on agency input. 
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APPENDIX A 

SUMMARY OF ANALYTICAL DETECTIONS 

(See disk in front pocket of binder) 
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VALIDATION QUALIFIERS 

These data are considered quantitatively estimated, and may be biased due to effects 

reflected in the associated quality control results. Analyte identification is reliable, 

however, and EPA guidance allows the use of "J" qualified data to be used in baseline 

evaluation of risk assessment as well as nature and extent of contamination. This qualifier 

is also applied to organic data when the actual result is less than the contract required 

detection limit; these data are also considered quantitatively estimated. "J" may carry 

additional meaning when used in radiochemical validation; the Data Validation Summary 

Report further defines the use of this qualifier. 

These data are not validated. Reasons for nonvalidation can be found in the Data 

Validation Summary Report associated with the data set. These data cannot be used in risk 

assessment evaluation. 

A dash (-) indicates that the result is CONFIDENT AS REPORTED; the validator did 

NOT assign any of the above qualifiers to the positive result. (NOTE: When an 

undetected result is not further qualified, the validator will still enter the "U" qualifier in 

the qualifier column.) 

Data that were observed at levels less than the corresponding limit of detection were 

qualified as U, meaning not detected above the associated value. This qualifier is assigned 

by the laboratory, and it was also used as a validation qualifier when common field or 

laboratory blank contaminants were detected in a sample less than action level as defined 

by the validation criteria. For nature and extent, the U qualifier establishes the lowest 

concentration of an analyte that can confidently be defined as nondetect. If an analyte was 

not detected in a certain media of a specific waste area, the calculation for concentration 

source terms did not include one-half the sample quantitation limits. Like the laboratory 

qualifier U, one-half of the sample quantitation limit has been used as a surrogate in 

calculating the concentration term in risk calculations. 

Data that were quantitatively 

detection. 

estimated at levels less than the corresponding limit of 
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APPENDIX B 

CONCENTRATION PLOTS 
FOR DMEPP MONITORING AND RECOVERY WEUS 

(Data are for total uranium from unfiltered samples) 
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MANN-KENDALL TREND CALCULATION 
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CALCULATION 

The time-ordered data are represented as q, x2, . . . %, where xk is the datum at time interval k. All 

possible differences are represented as xi - xj, where i < j .  The Mann-Kendall test for trend assigns 

an integer (-1, 0, or 1) such that: 

sgn (xj -xi) = -1, if xi > xj 
0, if xi ='xj 
1, if q < xj 

The Mann-Kendall statistic is then calculated as: 

n - 1  n 

s = sgn (Xi - X i )  
i - 1  j - i + l  

A value for S greater than one implies a possible upward trend, a value for S less than one implies a 

possible downward trend, and a value of S = 0 implies no trend. 
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COLLOIDAL BORESCOPE DATA 
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