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ADDENDUM 

Addendum to the Remedial Design Work Plan for Solid Waste Management Units 1, 

211-A, and 211-B Volatile Organic Compound Sources for the Southwest Groundwater 

Plume at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, Sampling and 

Analysis Plan, DOE/LX/07-1268&D2/R2/A1 

Introduction: This addendum documents how groundwater samples will be collected from the Regional 

Gravel Aquifer (RGA) upgradient and downgradient of Solid Waste Management Units 

(SWMUs) 211-A and 211-B at the Paducah Gaseous Diffusion Plant (PGDP). The 

resulting sampling data will be evaluated, along with existing soil data collected from the 

Upper Continental Recharge System (UCRS) and uppermost RGA, to determine whether 

volatile organic compound (VOC) [primarily trichloroethene (TCE)] source levels are 

significant enough to warrant active remediation, Alternative 8, or if long-term 

monitoring with interim land use controls (LUCs), Alternative 2, is sufficient.  

Final Characterization Report for Solid Waste Management Units 211-A and 211-B 

Volatile Organic Compound Sources for the Southwest Groundwater Plume at the 

Paducah Gaseous Diffusion Plant, Paducah, Kentucky, DOE/LX/07-1288&D2, 

(DOE 2013) presents the results of a 2012 investigation of the soils in the area of 

SWMUs 211-A and 211-B down to a depth of 60 to 65 ft, including the upper RGA. 

Based on evaluation of the TCE levels in the investigation soil borings, the 

U.S. Department of Energy (DOE) issued a Notification Letter on July 10, 2013, 

(Blumenfeld 2013) in which DOE documented a reduced volume and mass of TCE 

present at SWMUs 211-A and 211-B, compared to volume and mass estimates presented 

in the Record of Decision (ROD) (DOE 2012a). As a result, DOE estimated a shortened 

time frame for meeting the remedial goals and recommended selection of Alternative 2, 

long-term monitoring with interim LUCs, as the final remedy for SWMUs 211-A and 

211-B. 

In a letter dated February 25, 2014, (Tufts 2014) the U.S. Environmental Protection 

Agency (EPA) noted the following project-related uncertainty: 

…sources may be underestimated by sampling only soils which indicate 

concentrations at discrete points. Groundwater samples reflect 

cumulative impacts from source areas, and are necessary along with soil 

samples, for estimating contaminant volume and mass…Additional RGA 

monitoring wells should be installed at SWMU 211-A and 211-B so that 

an informed decision regarding the impact of the source areas to 

groundwater can be determined. This data can be used to refine the mass 

calculation and also determine source impact to RGA groundwater. 

Under the provisions of Section XIX, Additional Work, of the PGDP Federal Facility 

Agreement (FFA), EPA requested that the work be performed under an amendment to 

Remedial Design Work Plan for Solid Waste Management Units 1, 211-A, and 211-B 

Volatile Organic Compound Sources for the Southwest Groundwater Plume at the 

Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2012b). 
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Purpose: Determine the TCE and degradation product levels in the RGA upgradient and 

downgradient of SWMUs 211-A1 and 211-B before a remedy selection is made for the 

SWMUs. The FFA parties have agreed that the following sampling approach will provide 

a sufficient basis on which to evaluate SWMUs 211-A and 211-B and determine the 

appropriate remedy: 

 Drill and sample and analyze TCE and TCE degradation product2 levels in 

groundwater throughout the thickness of the RGA in 6 sample borings to characterize 

the VOC levels in groundwater upgradient and downgradient of the areas of 

SWMU 211-A (east and west areas) and SWMU 211-B. 

Boundary: The physical boundaries are the SWMUs 211-A and 211-B areas, from a depth of 65 ft 

below ground surface3 (bgs) to the base of the lower continental deposits (the main 

geologic member of the RGA), which is approximately 90 to 100 ft bgs. The 

investigation areas correspond to upgradient and downgradient sides of SWMU 211-A 

and within SWMU 211-B.4  

Number of 

Borings: The six direct push technology (DPT) sample borings are shown in Figure C.1. Table C.1 

provides the approximate coordinates for the DPT sample borings.  

 

Drilling 

Method: DPT 

  

Sampling 

Method: For the vertical profiling of TCE levels in RGA groundwater, the intent is to sample 

groundwater at 5-ft depth intervals beginning at a depth of 65 ft bgs and continuing to the 

base of the lower continental deposits. The following is the sampling approach: 

1. Advance a DPT dual-tube sampler to a depth of 65 ft bgs, using a string of DPT inner 

rods with a bottom drive point within the sampler to keep soils from collecting inside 

the soil sample system. 

2. At 65 ft depth, retract the inner sample rods to allow unimpeded groundwater flow 

into the string of outer DPT rods. 

3. Using a water level probe, measure the depth to water within the string of outer DPT 

rods and determine the flooded volume of the outer DPT rods left in place.  

4. Lower a cleaned purge/sample pump system into the string of outer DPT rods to 

within 3 ft of the bottom of the DPT rods. 

                                                            
1 SWMU 211-A includes discrete east and west areas of higher levels of TCE contamination. For purposes of this addendum, the 

term “SWMUs” will designate SWMU 211-B and the discrete east and west areas of SWMU 211-A. 
2 For the purposes of this investigation, the analytes of interest are TCE; 1,1-dichloroethene (DCE) (1,1-DCE); cis-1,2-DCE;  

trans-1,2-DCE; and vinyl chloride.  
3 Soil samples collected for the 2012 Remedial Design Site Characterization provide results used to characterize VOC levels in 

soil down to a depth of 65 ft. 
4 Locations downgradient of SWMU 211-B are inaccessible because of the proximity of the C-720 Building. The characterization 

of the impact of SWMU 211-B on the RGA will be assessed with a DPT sample boring installed within the SWMU 211-B 

primary area of soil contamination, hereafter referred to as the “downgradient” location. 



U.S. DEPARTMENT OF ENERGY
DOE PORTSMOUTH/PADUCAH PROJECT OFFICE

PADUCAH GASEOUS DIFFUSION PLANT

Figure C.1.  Map of Proposed DPT Sample Boring Locations 
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Table C.1 SWMUs 211-A and 211-B DPT Sample Borings and Monitoring Wells 

Sample Boring Relationship 
Approximate Plant Coordinates 

East North 

Sample Boring 211-A-045 

- East Side of East SWMU 211-A 

Upgradient Location of East 

SWMU 211-A (see Table C.2)5 
-4890 -2060 

Sample Boring 211-A-046 

- South Side of East SWMU 211-A 

Upgradient Location of East 

SWMU 211-A (see Table C.2) 
-5030 -2145 

Sample Boring 211-A-047 

- North Side of East SWMU 211-A 

Downgradient Location of 

East SWMU 211-A 
-5030 -1955 

Sample Boring 211-A-048 

- South Side of West SWMU 211-A 

Upgradient Location of 

West SWMU 211-A 
-5180 -2135 

Sample Boring 211-A-049 

- North Side of West SWMU 211-A 

Downgradient Location of 

West SWMU 211-A 
-5260 -1955 

Sample Boring 211-B-021 

- Internal Boring for SWMU 211-B 

Beneath/“Downgradient” of 

SWMU 211-B 
-5130 -2600 

 

5. Purge groundwater from inside the string of DPT rods to remove the initial turbid 

water and develop a natural gravel pack at the bottom of the DPT rods. At a 

minimum, purge 3 times the determined volume of the flooded DPT rods.  

6. After purging the minimum “3 times” volume and once turbidity has visually 

decreased and stabilized, continue pumping at a rate of 1 liter/minute or less and 

monitor the water stabilization parameters: specific conductance, pH, and turbidity 

with a water quality meter. 

7. After the purge water quality parameters have stabilized―defined as 3 consecutive 

measurements taken 3 (or more) minutes apart with less than 10% variance of all 

3 parameters―begin the process to collect the water sample by reducing the pumping 

rate to 300 milliliter/minute (or less)6 and monitor for further stabilization of the 

sample water quality using a water quality meter coupled with an in-line flow cell.  

8. Monitor for the parameters: specific conductance, pH, turbidity, dissolved oxygen, 

and temperature; continue pumping from the well until all 5 of the sampling 

parameters have stabilized. The sample water quality parameters have stabilized 

when measurements of all 5 of the parameters vary within approximately 10% over 

the last 2 consecutive measurements that are 3 (or more) minutes apart. 

— If the turbidity is 100 nephelometric turbidity units (NTUs) or less, reduce the 

sample stream rate to 100 milliliter/minute or less and collect samples for 

laboratory analysis directly from the effluent stream. 

 

— If the turbidity is greater than 100 NTUs, reduce the sample stream rate to 

100 milliliter/minute or less and direct the sample stream through a clean 

groundwater sample filter prior to collection of samples for laboratory analysis. 

9. Remove the pump system and sound the depth of the open string of outer DPT rods. 

The sounding tape must use a stainless steel weight. If sediment has accumulated 

inside the outer DPT rod string, retract the outer DPT rods, as required, for the 

                                                            
5 Two upgradient sample locations will be evaluated for the East SWMU 211-A area to assess the uncertainty of local RGA flow 

directions (northerly or westerly). The location that has the higher TCE levels will be used as the upgradient location. 
6 A separate pump system, suitable for low-flow sampling, may be used. 
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sediments to fall out. Then, replace the inner string of DPT rods with the bottom 

drive point and advance the DPT dual-tube sample system 5 ft below the previous 

sample depth.7 

10. Repeat the above sampling and advancement sequence to the base of the lower 

continental deposits, as indicated by a change in resistance to advancement of the 

DPT dual-tube sample system at a depth of 90 to 100 ft.  

If a submersible or bladder pumping system is used, decontaminate the pumping 

system (using procedure PAD-ENM-2702, Decontamination of Sampling Equipment 

and Devices) before each purging/sampling event. If an inertial pumping system is 

used, clean the outside of the tubing of the inertial pump with deionized water and a 

clean, moist wipe: flush the interior of the tubing of the inertial pump with soap 

water, tap water, and analyte-free water, consistent with PAD-ENM-2702, before 

each depth’s purging/sampling event. 

Quality 

Assurance: Groundwater sampling and analysis to determine TCE levels across the thickness of the 

RGA upgradient and downgradient of the SWMUs were not included in the 2012 

investigation of soils in the area of SWMUs 211-A and 211-B. Attachment C1 provides 

revised tables to the project Quality Assurance Project Plan, documented as 

Attachment A5 of the Remedial Design Work Plan for Solid Waste Management Units 1, 

211-A, and 211-B Volatile Organic Compound Sources for the Southwest Groundwater 

Plume at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2012b), to 

incorporate the groundwater sampling and analysis. 

Project 

Documentation: 

The results of this additional sampling will be documented in an addendum to Final 

Characterization Report for Solid Waste Management Units 211-A and 211-B Volatile 

Organic Compound Sources for the Southwest Groundwater Plume at the Paducah 

Gaseous Diffusion Plant, Paducah, Kentucky, DOE/LX/07-1288&D2 (DOE 2013).  

Investigation 

Decision Rules: 

The primary intent of the field investigation is to compare dissolved TCE levels in the 

RGA in associated upgradient and downgradient locations at SWMU 211-A and to 

compare TCE levels beneath SWMU 211-B to expected upgradient TCE levels (assumed 

to be less than 10 ppb based upon PGDP process history) to determine the impact of the 

SWMUs upon RGA groundwater quality. An initial assumption is the downgradient-

upgradient comparisons will be depth-discrete.  

The following are the general decision rules: 

                                                            
7 If the dual-tube sampling systems meets refusal (is unable to penetrate farther) in the RGA, a continuous string of smaller 

diameter DPT probe rods will be used to “pre-probe” through the RGA to the next sample depth. Upon completion of “pre-

probe” activities, the dual-tube sampling system will be advanced to the next sample depth and sampling will continue. Should 

DPT prove ineffective at sampling in the RGA, a small-diameter hollow stem auger rig with a center rod/pilot bit system would 

be used as the drilling method. Sampling would be conducted through the hollow stem augers. 
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 IF dissolved TCE levels in the RGA are substantially8 higher in the downgradient 

side of the SWMU,9 THEN the increased dissolved TCE level is a measure of the 

impact of the SWMU upon RGA groundwater quality. 

 IF dissolved TCE levels equal or exceed 11,000 µg/L in either the upgradient or 

downgradient location, THEN the sampled groundwater may have come in contact 

with dense nonaqueous-phase liquid (DNAPL). 

Letter Notification 

Decision Rules: 

Once the approved groundwater analyses are available for review, DOE will evaluate the 

data and prepare a revised Letter Notification, identifying DOE’s recommendation for 

final remedy selection for SWMUs 211-A and 211-B. 

The data from DPT profiling will be evaluated holistically to determine impacts from 

SWMUs 211-A and 211-B on RGA groundwater quality (Table C.2 identifies interwell 

comparisons). In general, the following decision rules will be applied to the vertical 

characterization of RGA groundwater quality, with the exception of the case of a lower 

RGA DNAPL: 

Table C.2. DPT Sample Boring Comparisons 

SWMU DPT Borings for Upgradient/Downgradient Comparison 

211-A East Either 211-A-045 or 211-A-046 (whichever has higher TCE) vs 211-A-047 

211-A West 211-A-048 vs 211-A-049 

211-B 211-B-021 vs assumed background (10 µg/L, or less, TCE) 

 
SWMU 211-A 

The following are the general decision rules to be applied to SWMU 211-A (decisions 

will be based upon review of all data). 

For the case where DPT results indicate substantial contamination in the upper or middle 

RGA [matches the conceptual site model (CSM) of the ROD] (Figure C.2): 

 IF the average of downgradient minus upgradient TCE levels is less than 

approximately 400 ppb,10 THEN the CSM and the predicted TCE mass in the UCRS 

are confirmed. The remedial action will be implementation of long-term monitoring. 

 IF the average of downgradient minus upgradient TCE levels are greater than 

approximately 400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the 

TCE mass in the UCRS is greater than estimated. The remedial action will be 

implementation of enhanced bioremediation and long-term monitoring. 

                                                            
8 The term “substantial” is intended to mean a comparatively “significant” or “important” level, in the context of all other sample 

analyses of this investigation that are related to the SWMU. An absolute value or magnitude should not be inferred. 
9 For SWMU 211-B, located on the south side of C-720 where no upgradient dissolved TCE is suspected, dissolved TCE levels 

in the DPT samples collected beneath the SWMU will be assumed to represent the “downgradient” impact of the SWMU on the 

RGA. 
10 The 400 ppb exceeds the expected impact of SWMUs 211-A and 211-B to the RGA. 



F
ig

u
re

 C
.2

. F
or

 S
W

M
U

 2
11
‐A

, D
P

T
 R

es
u

lt
s 

In
d

ic
at

e 
S

u
bs

ta
nt

ia
l C

on
ta

m
in

at
io

n 
in

 t
h

e 
U

p
p

er
 o

r 
M

id
d

le
 R

G
A

U
.S

. D
E

P
A

R
T

M
E

N
T

 O
F

 E
N

E
R

G
Y

D
O

E 
PO

R
TS

M
O

U
TH

/P
AD

U
C

AH
 P

R
O

JE
C

T 
O

FF
IC

E
PA

D
U

C
AH

 G
AS

EO
U

S 
D

IF
FU

SI
O

N
 P

LA
N

T

C-9



 

C-10 

For the case where DPT results indicate substantial contamination in the lower RGA only 

in both the upgradient and downgradient locations (Figure C.3), an upgradient source is 

impacting TCE levels beneath the SWMU. The CSM is invalid. The FFA parties must 

confer to evaluate the impact of the upgradient source. 

 

For the case where DPT results indicate substantial contamination throughout the RGA in 

both the upgradient and downgradient locations (Figure C.4), an upgradient source is 

impacting TCE levels beneath the SWMU (both upgradient and downgradient DPTs have 

substantial TCE levels). The FFA parties must confer to evaluate the impact of the 

upgradient source. If a SWMU 211‐A remedial action is considered beneficial, the 

following decision rules apply in the upper or middle RGA (in the zone of higher TCE): 

 

 IF the average of downgradient minus upgradient TCE levels is less than 

approximately 400 ppb, THEN the CSM and the predicted TCE mass in the UCRS 

are confirmed. The remedial action will be implementation of long-term monitoring. 

 

 IF the average of downgradient minus upgradient TCE levels is greater than 

approximately 400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the 

TCE mass in the UCRS is greater than estimated. The remedial action will be 

implementation of enhanced bioremediation and long-term monitoring. 

 

For the case where DPT results indicate substantial contamination throughout the RGA in 

the downgradient location only, dispersed DNAPL ganglia are present throughout the 

RGA (only downgradient DPTs have substantial TCE levels). The CSM is invalid. The 

FFA parties must confer to evaluate the impact of the discovered DNAPL. 

 

SWMU 211-B 

 

Decision rules for SWMU 211-B are similar to those above but modified to account for 

the single DPT. The following decision rules well be applied to SWMU 211-B (decisions 

will be based upon review of all data). 

 

For the case where DPT results indicate substantial contamination in the upper or middle 

RGA (matches CSM of ROD) (Figure C.5): 

 

 IF the average of TCE levels beneath SWMU 211‐B is less than approximately 

400 ppb, THEN the CSM and the predicted TCE mass in the UCRS is confirmed. 

The remedial action will be implementation of long-term monitoring. 

 

 IF the average of TCE levels beneath SWMU 211‐B is greater than approximately 

400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the TCE mass in the 

UCRS is greater than estimated. The remedial action will be implementation of 

enhanced bioremediation and long-term monitoring. 

For the case where DPT results indicate substantial contamination in the lower RGA only 

(Figure C.6), an upgradient source is impacting TCE levels beneath the SWMU. The 

CSM may be invalid. The FFA parties must confer to evaluate the impact of the 

upgradient source. 
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An unexpected case would be where DPT results indicate TCE levels are uniform 

throughout the RGA or increasing with depth (Figure C.7). An upgradient source is 

impacting TCE levels beneath the SWMU throughout the RGA. The FFA parties must 

confer to evaluate the impact of the upgradient source. If a SWMU 211‐B remedial action 

is considered beneficial, the following decision rules apply in the upper or middle RGA 

(in the zone of higher TCE): 

 

 IF the average of upper and middle RGA TCE levels is less than approximately 

400 ppb, THEN the CSM and the predicted TCE mass in the UCRS are confirmed. 

The remedial action will be implementation of long-term monitoring. 

 IF the average of upper and middle RGA TCE levels is greater than approximately 

400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the TCE mass in the 

UCRS is greater than estimated. The remedial action will be implementation of 

enhanced bioremediation and long-term monitoring. 
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C-3 

ADDENDUM 

Addendum to the Remedial Design Work Plan for Solid Waste Management Units 1, 
211-A, and 211-B Volatile Organic Compound Sources for the Southwest Groundwater 

Plume at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, Sampling and 
Analysis Plan, DOE/LX/07-1268&D2/R2/A1 

Introduction: This addendum documents how groundwater samples will be collected from the Regional 
Gravel Aquifer (RGA) upgradient and downgradient of Solid Waste Management Units 
(SWMUs) 211-A and 211-B at the Paducah Gaseous Diffusion Plant (PGDP). The 
resulting sampling data will be evaluated, along with existing soil data collected from the 
Upper Continental Recharge System (UCRS) and uppermost RGA, to determine whether 
volatile organic compound (VOC) [primarily trichloroethene (TCE)] source levels are 
significant enough to warrant active remediation, Alternative 8, or if long-term 
monitoring with interim land use controls (LUCs), Alternative 2, is sufficient.  

Final Characterization Report for Solid Waste Management Units 211-A and 211-B 
Volatile Organic Compound Sources for the Southwest Groundwater Plume at the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky, DOE/LX/07-1288&D2, 
(DOE 2013) presents the results of a 2012 investigation of the soils in the area of 
SWMUs 211-A and 211-B down to a depth of 60 to 65 ft, including the upper RGA. 
Based on evaluation of the TCE levels in the investigation soil borings, the 
U.S. Department of Energy (DOE) issued a Notification Letter on July 10, 2013, 
(Blumenfeld 2013) in which DOE documented a reduced volume and mass of TCE 
present at SWMUs 211-A and 211-B, compared to volume and mass estimates presented 
in the Record of Decision (ROD) (DOE 2012a). As a result, DOE estimated a shortened 
time frame for meeting the remedial goals and recommended selection of Alternative 2, 
long-term monitoring with interim LUCs, as the final remedy for SWMUs 211-A and 
211-B. 

In a letter dated February 25, 2014, (Tufts 2014) the U.S. Environmental Protection 
Agency (EPA) noted the following project-related uncertainty: 

…sources may be underestimated by sampling only soils which indicate 
concentrations at discrete points. Groundwater samples reflect 
cumulative impacts from source areas, and are necessary along with soil 
samples, for estimating contaminant volume and mass…Additional RGA 
monitoring wells should be installed at SWMU 211-A and 211-B so that 
an informed decision regarding the impact of the source areas to 
groundwater can be determined. This data can be used to refine the mass 
calculation and also determine source impact to RGA groundwater. 

Under the provisions of Section XIX, Additional Work, of the PGDP Federal Facility 
Agreement (FFA), EPA requested that the work be performed under an amendment to 
Remedial Design Work Plan for Solid Waste Management Units 1, 211-A, and 211-B 
Volatile Organic Compound Sources for the Southwest Groundwater Plume at the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2012b). 
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Purpose: Determine the TCE and degradation product levels in the RGA upgradient and 
downgradient of SWMUs 211-A1 and 211-B before a remedy selection is made for the 
SWMUs. The FFA parties have agreed that the following sampling approach will provide 
a sufficient basis on which to evaluate SWMUs 211-A and 211-B and determine the 
appropriate remedy: 

• Drill and sample and analyze TCE and TCE degradation product2 levels in 
groundwater throughout the thickness of the RGA in 6 sample borings to characterize 
the VOC levels in groundwater upgradient and downgradient of the areas of 
SWMU 211-A (east and west areas) and SWMU 211-B. 

Boundary: The physical boundaries are the SWMUs 211-A and 211-B areas, from a depth of 65 ft 
below ground surface3 (bgs) to the base of the lower continental deposits (the main 
geologic member of the RGA), which is approximately 90 to 100 ft bgs. The 
investigation areas correspond to upgradient and downgradient sides of SWMU 211-A 
and within SWMU 211-B.4  

Number of 
Borings: The six direct push technology (DPT) sample borings are shown in Figure C.1. Table C.1 

provides the approximate coordinates for the DPT sample borings.  
 
Drilling 
Method: DPT 
  
Sampling 
Method: For the vertical profiling of TCE levels in RGA groundwater, the intent is to sample 

groundwater at 5-ft depth intervals beginning at a depth of 65 ft bgs and continuing to the 
base of the lower continental deposits. The following is the sampling approach: 

1. Advance a DPT dual-tube sampler to a depth of 65 ft bgs, using a string of DPT inner 
rods with a bottom drive point within the sampler to keep soils from collecting inside 
the soil sample system. 

2. At 65 ft depth, retract the inner sample rods to allow unimpeded groundwater flow 
into the string of outer DPT rods. 

3. Using a water level probe, measure the depth to water within the string of outer DPT 
rods and determine the flooded volume of the outer DPT rods left in place.  

4. Lower a cleaned purge/sample pump system into the string of outer DPT rods to 
within 3 ft of the bottom of the DPT rods. 

                                                            
1 SWMU 211-A includes discrete east and west areas of higher levels of TCE contamination. For purposes of this addendum, the 
term “SWMUs” will designate SWMU 211-B and the discrete east and west areas of SWMU 211-A. 
2 For the purposes of this investigation, the analytes of interest are TCE; 1,1-dichloroethene (DCE) (1,1-DCE); cis-1,2-DCE;  
trans-1,2-DCE; and vinyl chloride.  
3 Soil samples collected for the 2012 Remedial Design Site Characterization provide results used to characterize VOC levels in 
soil down to a depth of 65 ft. 
4 Locations downgradient of SWMU 211-B are inaccessible because of the proximity of the C-720 Building. The characterization 
of the impact of SWMU 211-B on the RGA will be assessed with a DPT sample boring installed within the SWMU 211-B 
primary area of soil contamination, hereafter referred to as the “downgradient” location. 



U.S. DEPARTMENT OF ENERGY
DOE PORTSMOUTH/PADUCAH PROJECT OFFICE

PADUCAH GASEOUS DIFFUSION PLANT

Figure C.1.  Map of Proposed DPT Sample Boring Locations 
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Table C.1 SWMUs 211-A and 211-B DPT Sample Borings and Monitoring Wells 

Sample Boring Relationship 
Approximate Plant Coordinates 

East North 
Sample Boring 211-A-045 
- East Side of East SWMU 211-A 

Upgradient Location of East 
SWMU 211-A (see Table C.2)5 

-4890 -2060 

Sample Boring 211-A-046 
- South Side of East SWMU 211-A 

Upgradient Location of East 
SWMU 211-A (see Table C.2) 

-5030 -2145 

Sample Boring 211-A-047 
- North Side of East SWMU 211-A 

Downgradient Location of 
East SWMU 211-A 

-5030 -1955 

Sample Boring 211-A-048 
- South Side of West SWMU 211-A 

Upgradient Location of 
West SWMU 211-A 

-5180 -2135 

Sample Boring 211-A-049 
- North Side of West SWMU 211-A 

Downgradient Location of 
West SWMU 211-A 

-5260 -1955 

Sample Boring 211-B-021 
- Internal Boring for SWMU 211-B 

Beneath/“Downgradient” of 
SWMU 211-B 

-5130 -2600 

 
5. Purge groundwater from inside the string of DPT rods to remove the initial turbid 

water and develop a natural gravel pack at the bottom of the DPT rods. At a 
minimum, purge 3 times the determined volume of the flooded DPT rods.  

6. After purging the minimum “3 times” volume and once turbidity has visually 
decreased and stabilized, continue pumping at a rate of 1 liter/minute or less and 
monitor the water stabilization parameters: specific conductance, pH, and turbidity 
with a water quality meter. 

7. After the purge water quality parameters have stabilized―defined as 3 consecutive 
measurements taken 3 (or more) minutes apart with less than 10% variance of all 
3 parameters―begin the process to collect the water sample by reducing the pumping 
rate to 300 milliliter/minute (or less)6 and monitor for further stabilization of the 
sample water quality using a water quality meter coupled with an in-line flow cell.  

8. Monitor for the parameters: specific conductance, pH, turbidity, dissolved oxygen, 
and temperature; continue pumping from the well until all 5 of the sampling 
parameters have stabilized. The sample water quality parameters have stabilized 
when measurements of all 5 of the parameters vary within approximately 10% over 
the last 2 consecutive measurements that are 3 (or more) minutes apart. 

— If the turbidity is 100 nephelometric turbidity units (NTUs) or less, reduce the 
sample stream rate to 100 milliliter/minute or less and collect samples for 
laboratory analysis directly from the effluent stream. 
 

— If the turbidity is greater than 100 NTUs, reduce the sample stream rate to 
100 milliliter/minute or less and direct the sample stream through a clean 
groundwater sample filter prior to collection of samples for laboratory analysis. 

9. Remove the pump system and sound the depth of the open string of outer DPT rods. 
The sounding tape must use a stainless steel weight. If sediment has accumulated 
inside the outer DPT rod string, retract the outer DPT rods, as required, for the 

                                                            
5 Two upgradient sample locations will be evaluated for the East SWMU 211-A area to assess the uncertainty of local RGA flow 
directions (northerly or westerly). The location that has the higher TCE levels will be used as the upgradient location. 
6 A separate pump system, suitable for low-flow sampling, may be used. 
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sediments to fall out. Then, replace the inner string of DPT rods with the bottom 
drive point and advance the DPT dual-tube sample system 5 ft below the previous 
sample depth.7 

10. Repeat the above sampling and advancement sequence to the base of the lower 
continental deposits, as indicated by a change in resistance to advancement of the 
DPT dual-tube sample system at a depth of 90 to 100 ft.  

If a submersible or bladder pumping system is used, decontaminate the pumping 
system (using procedure PAD-ENM-2702, Decontamination of Sampling Equipment 
and Devices) before each purging/sampling event. If an inertial pumping system is 
used, clean the outside of the tubing of the inertial pump with deionized water and a 
clean, moist wipe: flush the interior of the tubing of the inertial pump with soap 
water, tap water, and analyte-free water, consistent with PAD-ENM-2702, before 
each depth’s purging/sampling event. 

Quality 
Assurance: Groundwater sampling and analysis to determine TCE levels across the thickness of the 

RGA upgradient and downgradient of the SWMUs were not included in the 2012 
investigation of soils in the area of SWMUs 211-A and 211-B. Attachment C1 provides 
revised tables to the project Quality Assurance Project Plan, documented as 
Attachment A5 of the Remedial Design Work Plan for Solid Waste Management Units 1, 
211-A, and 211-B Volatile Organic Compound Sources for the Southwest Groundwater 
Plume at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 2012b), to 
incorporate the groundwater sampling and analysis. 

Project 
Documentation: 

The results of this additional sampling will be documented in an addendum to Final 
Characterization Report for Solid Waste Management Units 211-A and 211-B Volatile 
Organic Compound Sources for the Southwest Groundwater Plume at the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky, DOE/LX/07-1288&D2 (DOE 2013).  

Investigation 
Decision Rules: 

The primary intent of the field investigation is to compare dissolved TCE levels in the 
RGA in associated upgradient and downgradient locations at SWMU 211-A and to 
compare TCE levels beneath SWMU 211-B to expected upgradient TCE levels (assumed 
to be less than 10 ppb based upon PGDP process history) to determine the impact of the 
SWMUs upon RGA groundwater quality. An initial assumption is the downgradient-
upgradient comparisons will be depth-discrete.  

The following are the general decision rules: 

                                                            
7 If the dual-tube sampling systems meets refusal (is unable to penetrate farther) in the RGA, a continuous string of smaller 
diameter DPT probe rods will be used to “pre-probe” through the RGA to the next sample depth. Upon completion of “pre-
probe” activities, the dual-tube sampling system will be advanced to the next sample depth and sampling will continue. Should 
DPT prove ineffective at sampling in the RGA, a small-diameter hollow stem auger rig with a center rod/pilot bit system would 
be used as the drilling method. Sampling would be conducted through the hollow stem augers. 
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• IF dissolved TCE levels in the RGA are substantially8 higher in the downgradient 
side of the SWMU,9 THEN the increased dissolved TCE level is a measure of the 
impact of the SWMU upon RGA groundwater quality. 

• IF dissolved TCE levels equal or exceed 11,000 µg/L in either the upgradient or 
downgradient location, THEN the sampled groundwater may have come in contact 
with dense nonaqueous-phase liquid (DNAPL). 

Letter Notification 
Decision Rules: 

Once the approved groundwater analyses are available for review, DOE will evaluate the 
data and prepare a revised Letter Notification, identifying DOE’s recommendation for 
final remedy selection for SWMUs 211-A and 211-B. 

The data from DPT profiling will be evaluated holistically to determine impacts from 
SWMUs 211-A and 211-B on RGA groundwater quality (Table C.2 identifies interwell 
comparisons). In general, the following decision rules will be applied to the vertical 
characterization of RGA groundwater quality, with the exception of the case of a lower 
RGA DNAPL: 

Table C.2. DPT Sample Boring Comparisons 

SWMU DPT Borings for Upgradient/Downgradient Comparison 
211-A East Either 211-A-045 or 211-A-046 (whichever has higher TCE) vs 211-A-047 
211-A West 211-A-048 vs 211-A-049 

211-B 211-B-021 vs assumed background (10 µg/L, or less, TCE) 
 

SWMU 211-A 

The following are the general decision rules to be applied to SWMU 211-A (decisions 
will be based upon review of all data). 

For the case where DPT results indicate substantial contamination in the upper or middle 
RGA [matches the conceptual site model (CSM) of the ROD] (Figure C.2): 

• IF the average of downgradient minus upgradient TCE levels is less than 
approximately 400 ppb,10 THEN the CSM and the predicted TCE mass in the UCRS 
are confirmed. The remedial action will be implementation of long-term monitoring. 

• IF the average of downgradient minus upgradient TCE levels are greater than 
approximately 400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the 
TCE mass in the UCRS is greater than estimated. The remedial action will be 
implementation of enhanced bioremediation and long-term monitoring. 

                                                            
8 The term “substantial” is intended to mean a comparatively “significant” or “important” level, in the context of all other sample 
analyses of this investigation that are related to the SWMU. An absolute value or magnitude should not be inferred. 
9 For SWMU 211-B, located on the south side of C-720 where no upgradient dissolved TCE is suspected, dissolved TCE levels 
in the DPT samples collected beneath the SWMU will be assumed to represent the “downgradient” impact of the SWMU on the 
RGA. 
10 The 400 ppb exceeds the expected impact of SWMUs 211-A and 211-B to the RGA. 
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For the case where DPT results indicate substantial contamination in the lower RGA only 
in both the upgradient and downgradient locations (Figure C.3), an upgradient source is 
impacting TCE levels beneath the SWMU. The CSM is invalid. The FFA parties must 
confer to evaluate the impact of the upgradient source. 

 
For the case where DPT results indicate substantial contamination throughout the RGA in 
both the upgradient and downgradient locations (Figure C.4), an upgradient source is 
impacting TCE levels beneath the SWMU (both upgradient and downgradient DPTs have 
substantial TCE levels). The FFA parties must confer to evaluate the impact of the 
upgradient source. If a SWMU 211‐A remedial action is considered beneficial, the 
following decision rules apply in the upper or middle RGA (in the zone of higher TCE): 
 
• IF the average of downgradient minus upgradient TCE levels is less than 

approximately 400 ppb, THEN the CSM and the predicted TCE mass in the UCRS 
are confirmed. The remedial action will be implementation of long-term monitoring. 

 
• IF the average of downgradient minus upgradient TCE levels is greater than 

approximately 400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the 
TCE mass in the UCRS is greater than estimated. The remedial action will be 
implementation of enhanced bioremediation and long-term monitoring. 

 
For the case where DPT results indicate substantial contamination throughout the RGA in 
the downgradient location only, dispersed DNAPL ganglia are present throughout the 
RGA (only downgradient DPTs have substantial TCE levels). The CSM is invalid. The 
FFA parties must confer to evaluate the impact of the discovered DNAPL. 
 
SWMU 211-B 
 
Decision rules for SWMU 211-B are similar to those above but modified to account for 
the single DPT. The following decision rules well be applied to SWMU 211-B (decisions 
will be based upon review of all data). 
 
For the case where DPT results indicate substantial contamination in the upper or middle 
RGA (matches CSM of ROD) (Figure C.5): 
 
• IF the average of TCE levels beneath SWMU 211‐B is less than approximately 

400 ppb, THEN the CSM and the predicted TCE mass in the UCRS is confirmed. 
The remedial action will be implementation of long-term monitoring. 

 
• IF the average of TCE levels beneath SWMU 211‐B is greater than approximately 

400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the TCE mass in the 
UCRS is greater than estimated. The remedial action will be implementation of 
enhanced bioremediation and long-term monitoring. 

For the case where DPT results indicate substantial contamination in the lower RGA only 
(Figure C.6), an upgradient source is impacting TCE levels beneath the SWMU. The 
CSM may be invalid. The FFA parties must confer to evaluate the impact of the 
upgradient source. 
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An unexpected case would be where DPT results indicate TCE levels are uniform 
throughout the RGA or increasing with depth (Figure C.7). An upgradient source is 
impacting TCE levels beneath the SWMU throughout the RGA. The FFA parties must 
confer to evaluate the impact of the upgradient source. If a SWMU 211‐B remedial action 
is considered beneficial, the following decision rules apply in the upper or middle RGA 
(in the zone of higher TCE): 
 
• IF the average of upper and middle RGA TCE levels is less than approximately 

400 ppb, THEN the CSM and the predicted TCE mass in the UCRS are confirmed. 
The remedial action will be implementation of long-term monitoring. 

• IF the average of upper and middle RGA TCE levels is greater than approximately 
400 ppb and less than 11,000 ppb, THEN the CSM is valid, but the TCE mass in the 
UCRS is greater than estimated. The remedial action will be implementation of 
enhanced bioremediation and long-term monitoring. 
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