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A. C. Tortoso H0-12, w/a Document and Information Services H0-09 

A meeting on the above subject was held on July 6, 1998, at 3350 George Washington Way, Room 2C22. 

The agenda is included as Attachment 1. 

200-ZP-2 Soil Vapor Extraction System 

The 14.2 m3/min soil vapor extraction (SVE) system was operated at the Z-lNZ-18/Z-12 site from 3/30/98 
through 6/30/98 to remove carbon tetrachloride from the vadose zone. V. J. Rohay provided a graph of the 
carbon tetrachloride concentrations observed at the SVE inlet between 3/30/98 and 6/29/98 (Attachment 2). 
Comparison of the changes in concentration to the changes in the mix of on-line wells indicates that higher 
concentrations tend to be associated with the Z-lA wells. A plot of carbon tetrachloride inlet 
concentrations extracted from Z-lNZ-18/Z-12 wells from 7/18/97 through 9/30/97, following the rebound 
study, is presented in Attachment 3. Comparison of the 1998 and 1997 data indicates that the 
concentrations extracted from Z-lA wells in June 1998 were similar to those in August-September 1997. 
During 91 days of operation in 1998, 250 kg of carbon tetrachloride were removed from the vadose zone at 
the Z-lNZ-18/Z-12 site (Attachment 4). 

Soil vapor monitoring, including monitoring near the groundwater and ground surface, was conducted at 
the Z-lNZ-18/Z-12 and Z-9 sites from October 1997 through March 1998 while the SVE system was shut 
down. Monitoring was continued at the Z-9 site from April through June 1998 while SVE was ongoing at 
the Z-lA site. As requested by A. C. Tortoso and D. A. Faulk, monitoring locations were added near the 
caliche layer at the Z-9 site to provide an indication of concentrations that could be expected during restart 
of soil vapor extraction. V. J. Rohay provided a table comparing the maximum concentration at each 
monitoring location to the maximum observed at that location during the rebound study (November 1996 
through July 1997) and a table of all the non-operational monitoring data as of 6/30/98 (Attachment 5). 
The maximum concentrations observed since October 1997 are similar to those observed during the 
rebound study. 
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On 7/2/98. the system was moved to the Z-9 site, and operations were restarted on 7/6/98. The SVE system 
will be operated at the Z-9 site through 9/30/98. At the Z-9 site, the SVE system will initially be used to 
extract from only one well, Wl 5-217. During monitoring, carbon tetrachloride rebound concentrations 
were the highest at this well in both 1997 (797 ppmv) and 1998 (630 ppmv) (Attachment 5). The purpose 
of extracting from one high concentration well is to observe the change in concentration with time. After 
concentrations extracted from Wl 5-217 have reached steady-state, anticipated to take two to four days, 
additional wells will be added to the on-line mix. 

Soil vapor monitoring, including monitoring near the groundwater, caliche layer, and ground surface, will 
be conducted at the Z-lA site during July through September while it is not undergoing active SVE. A. C. 
Tortoso and D. A. Faulk requested that soil vapor monitoring locations be added to measure carbon 
tetrachloride concentrations near the lower permeability silt/caliche zone where rebound concentrations are 
expected to be highest. 

A six-month off-line, six-month on-line operating schedule is planned for next fiscal year also. Between 
September 1998 and March 1999, the system will be off-line and will remain at the Z-9 site. The system 
will then be operated at Z-9 from April through June 1999 and at Z- lA/Z-18/Z-12 from July through 
September 1999. As a consequence of this alternating schedule, SVE will not be resumed at the Z-lA site 
for 12 months. Soil vapor monitoring will be continued at vadose zone locations near the groundwater, the 
caliche layer, and the ground surface at the Z-lA/Z-18/Z-12 and Z-9 sites while they are not being actively 
remediated using SVE. 

D. A. Faulk raised the issue of whether action levels should be developed based on the soil vapor 
concentrations, especially those monitored near the groundwater. It was suggested, as an example, that an 
action level could be based on the theoretical concentration (calculated using Henry's Law) for vapor in 
equilibrium with measured groundwater concentrations. If measured vapor concentrations monitored near 
groundwater were to exceed this theoretical vapor concentration, the chemical gradient would then tend to 
drive carbon tetrachloride toward the groundwater and potentially increase groundwater contamination. 
Based on 1997 and 1998 rebound concentrations, it is anticipated that actual vadose zone vapor 
concentrations near the groundwater will not exceed these levels. However, it was noted that there are only 
a limited number of deep wells in this area at which measurements of vapor or groundwater can be 
collected. 

A. C. Tortoso is finalizing a letter to J. Wright, DOE EM-50, to request that the Innovative Treatment 
Remed1ation Demonstration (ITRD) program address the carbon tetrachloride plume next year. 
A. C. Tortoso and D. A. Faulk agreed that ITRD is the preferred approach for reviewing the available 
remedial technologies to find the best match with the project needs. In addition, they noted that both the 
ZP-2 and ZP-1 projects need to continue to collect data to support future operations and to be creative in 
optimizing data collection and cleanup within the given budget. 

200-ZP-1 Pump and Treat System 

M. A. Buckmaster reported that the 200-ZP-1 pump-and-treat system is typically operating with no 
problems. However, over the previous weekend, the system was shut down because of a high carbon 
tetrachloride concentration measured between the first and second canisters of granular activated carbon 
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(GAC). This elevated concentration indicates saturation of the first GAC canister, which will be changed 
out to fix the problem. 

Between August 1994 and March 1998, the pump-and-treat system removed 1,431 kg of carbon 
tetrachloride and treated nearly 500,000,000 liters of water (Attachment 6). During the past quarter 
(January through March 1998), the concentration trend was upward or stable at all six extraction wells. 
The process data for the six extraction wells indicates that carbon tetrachloride concentrations are highest at 
wells Wl 5-33, near the northwest c_orner of the 231-Z building at PFP, and Wl 5-32, at the northeast corner 
of the Z-9 trench. The source of the high concentrations at W15-33 is uncertain. The pumping rate is 
greatest from well Wl5-35, east of the 231-Z building and north of the Z-9 trench. 

Only one well, Wl 5-29, is being used for injection of clean, treated water to the aquifer. Short-term 
injection rate tests conducted at the other four injection wells to the south indicate that these wells transmit 
water at an equal or slower rate. A change in injection wells will be implemented soon to observe long
term injection rates and buildup at these other wells. Although no problems have been encountered with 
the current injection well, operational experience with the different injection wells will support selection of 
future injection-extraction operating patterns. 

The regional ZP-1 water table is higher to the west and slopes to the east. Locally, the water table 
elevations are highest at the location of the injection well and lowest at the locations of the extraction wells. 
The regional water level in the ZP-1 area has continued to decline as the regional groundwater mound 
dissipates. The water level dropped by 0.2 m (0.7 ft) between January and March 1998 (Attachment 6). 
Five of the pump-and-treat extraction well screens are 50 ft long; the sixth is 40 ft long. All of the screens 
were installed within the upper 50 ft of the unconfined aquifer. 

The hydraulic capture modeled through March 1998 indicates that the six extraction wells are containing 
the carbon tetrachloride plume (Attachment 6). The hydraulic capture based on measured drawdown is in 
good agreement with the modeled hydraulic capture. 

Based on the successful hydraulic capture using the extraction system and the successful removal 
efficiency using the treatment system, no major changes are planned for ZP-1 pump-and-treat operations. 
The problems with the leak detection cable and pipe, which occasionally shut down the system 
unnecessarily, will continue to be investigated. 

The anticipated budget for next fiscal year could potentially include a review ofremedial alternatives and 
characterization methods to investigate the presence of DNAPL in the aquifer. The results would be 
presented using a mechanism such as a white paper. 

V. J. Rohay reported on the results of her correspondence with J. W. Massmann at the University of 
Washington regarding CRESP support for future studies at ZP-2 (action item from the 6/2/98 ZP-1/ZP-2 
meeting). J. W. Massmann wrote that he has CRESP funding for a student, beginning in September, to 
continue work at the carbon tetrachloride site. He also noted that in the next couple of months he will need 
to propose work for the March 1999:-March 2000 timeframe. D. A. Faulk indicated that it would be useful 
to determine the vapor concentrations at the ZP-2 site that would maintain groundwater compliance at the 
future site uses working group boundary and would be protective of the Columbia River. A. C. Tortoso 
and V. J. Rohay suggested an evaluation and uncertainty analysis of potential carbon tetrachloride 
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migration within the vadose zone toward the Site boundary in the up-groundwater-gradient direction. It 
was agreed that the ZP-1/ZP-2 team would develop specific suggestions before discussing these options 
further with Dr. Massmann. 

DNAPL Detection Demonstration at Savannah River Site 

D. Goswami reported on the results of a demonstration conducted at Savannah River Site of two optical 
sensors designed to directly detect DNAPL. One of the sensors uses measured Raman spectra to identify 
compounds, and the other sensor measures refractive index changes in the pore fluid of the sediments 
(Attachment 7). Both sensors are designed for use with a cone penetrometer. D. Goswami said that the 
sensors were successful at detecting DNAPL during the testing. The ZP-1/ZP-2 team expressed interest in 
obtaining the full evaluation of the test results when they are available from Savannah River Site in 
September. 

VJR:cw 

Attachments: (1) Agenda 
(2) Graph of Carbon Tetrachloride Concentrations at the SVE Inlet 
(3) A Plot of Carbon Tetrachloride Inlet Concentrations from Z-lA/Z-18/Z-12 Wells 
(4) Carbon Tetrachloride Extracted from the Vadose Zone 
(5) Comparison of Carbon Tetrachloride Concentrations 
(6) Information showing removal of Carbon Tetrachloride with Pump-and-Treat System 
(7) Information on Cone Penetrometer Te<;:hnologies 
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Attachment I 
AGENDA 

UNIT MANAGERS MEETING 

200-ZP-1 AND 200-ZP-2 

JULY 6, 1998 

200-ZP-2 SOIL VAPOR EXTRACTION REMEDIATION 

• Summary ofZ-lA Operations 

• Status of Non-Operational Monitoring 

• Status of SVE System Move to Z-9 Site 

• Plan for Z-9 Operations 

200-ZP-l PUMP-AND-TREAT REMEDIATION 

• Status of Pump-and-Treat Operations 

DISCUSSION OF FUTURE PLANS 

• , DNAPL Detection Demonstration at Savannah River Site 

• DNAPL Investigations 

• SVE Enhancements 

• CRESP project 

061120 
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Attachment 5 

Comparison of Maximum Carbon Tetrachloride Rebound Concentrations 
Monitored at 200-ZP-2 Soil Vapor Extraction Sites 061120 1997 and 1998 

200-ZP-2 I November 1996- October 1997 - October 1997 -
Location I July 1997 March 1998 June 1998 

(Well or Probe) I Site Zone Maximum Rebound Maximum Rebound Maximum Rebound I 

/feet bgs I Carbon Tetrachloride Carbon Tetrachloride Carbon Tetrachloride 
(ppmv) (ppmv) (ppmv) 

79-11/ 5 ft Z-1A 1 0 0 deleted April 1998 
86-06/ 5 ft I Z-9 1 1.3 0 0 
87-01 R/ 5 ft Z-1A 1 3.5 0 deleted April 1998 
87-09/ 5 ft Z-1A 1 not measured 0 deleted April 1998 
94-09/ 5 ft Z-9 1 1.4 1.3 1.3 
95-11/ 5 ft I Z-9 1 0 1.2 2.1 
95-12/ 5 ft Z-9 1 1.1 0 1.5 
N-6/ 5 ft I Z-1A 1 not measured 0 deleted April 1998 
CPT-13N 9 ft i Z-1A 2 not measured 0 0 
CPT-16/ 10 ft I Z-9 2 not measured 0 0 I 

CPT-17/ 10 ft I Z-9 2 not measured 1.2 4.2 
CPT-18/ 15 ft ! Z-9 2 not measured 0 6.5 
CPT-31/ 25 ft ! Z-1A 2 not measured 0 deleted April 1998 
CPT-32/ 25 ft i Z-1A 2 not measured 9.1 deleted April 1998 
CPT-7N 32 I Z-1A 2 not measured 2.3 deleted April 1998 
CPT-1N 35 ft Z-1A 2 2.0 1.2 1.3 
CPT-28/ 40 ft I Z-9 2 40.1 21.6 21.6 I 

CPT-33/ 40 ft Z-1A 2 not measured 1.8 deleted April 1998 
CPT-21N 45 ft i Z-9 2 65.6 42.9 52.7 
CPT-9N60 ft i Z-9 2 45.5 40.9 40.9 
W15-216U 184 ft I Z-9 5 16.7 17.3 17.3 
W15-6U 189 ft Z-9 6 22.6 16.3 17.8 
W15-9U 189 ft Z-9 6 - 18.3 14.6 15.0 
W18-6U 201 ft i Z-1A 6 36.0 31.3 deleted April 1998 
W18-7/ 203 ft Z-1A 6 28.5 ~ 15.8 deleted April 1998 

added April 1998 
CPT-28/ 60 ft Z-9 2 not measured 1.3 
CPT-24/ 70 ft Z-9 2 not measured 3.2 
W15-82/ 82 ft Z-9 2 28.9 5.5 
W15-95/ 82 ft Z-9 2 not measured 15.3 
CPT-21Af 86 ft ! Z-9 2 221 206 
CPT-28/ 87 ft I Z-9 2 280 230 
CPT-9N 91 ft I Z-9 2 103 34.5 
W15-218U/ 108 ft I Z-9 3 41.4 0 
W15-223/ 108 ft I Z-9 3 31.2 2.2 
W15-217/ 115 ft i Z-9 3 797 630 
CPT-24/ 118 ft I Z-9 3 44.6 37.7 ! 



Carbon Tetrachloride Rebound Concentrations 
Monitored at 200-ZP-2 Soil Vapor Extraction Sites 

October 1997 - June 1998 

200-ZP-2 November 1996 -

Location July 1997 12/1/97 1/10/98 1/29/98 2/26/98 
(Well or Probe) Zone Maximum Rebound 

/feet bgs Carbon Tetrachloride CC14 CCl4 CCl4 CC14 
{ppmv) (ppmv) (ppmv) (ppmv) {ppmv) 

79-11/ 5 ft 1 0 0 0 0 0 

86-06/ 5 ft 1 1.3 0 0 0 0 

87-01R/ 5 ft 1 3.5 0 0 0 0 

87-09/ 5 ft 1 not measured 0 0 0 0 
94--09/ 5 ft 1 1.4 1.3 0 0 1.3 
95-11/ 5 ft 1 0 0 0 0 0 
95-12/ 5 ft 1 1.1 0 0 0 0 
N-615 ft 1 not measured 0 
CPT-13N 9 ft 2 not measured 0 0 0 0 
CPT-16/ 10 ft 2 not measured 0 0 0 0 
CPT-17/ 10 ft 2 not measured 0 0 0 0 
CPT-18/ 15 ft 2 not measured 0 0 0 0 
CPT-31/ 25 ft 2 not measured 0 0 0 0 
CPT-32/ 25 ft 2 not measured I 0 0 5.1 6.6 
CPT-7N 32 2 not measured 0 0 1.9 2.3 
CPT-1N35 ft 2, 2.0 0 0 0 0 
CPT-28140 ft 2 40.1 17.0 19.1 21.6 19.2 
CPT-33/ 40 ft 2 not measured 0 1.8 1.8 1.3 
CPT-21N 45 ft 2 65.6 18.5 30.5 37.1 21.5 
CPT-9N60 ft 2 45.5 35.8 37.5 39.1 40.9 
W15-216U 18'4 ft 5 16.7 14.1 15.5 15.0 
W15-6U 189 ft 6 22.6 15.2 16.1 16.1 
W15-9U 189 ft 6 18.3 13.3 14.6 8.7 
W1~U201 ft 6 36.0 24.0 25.8 31.3 
W18-7/ 203 ft 6 28.5 12.6 14.'4 15.7 

added April 1998 
CPT-28/ 60 ft {e) 2 not measured 
CPT-24/ 70 ft {b) 2 not measured 
W15-82/ 82 ft (C) 2 28.9 
W15-95/ 82 ft (C) 2 not measured 
CPT-21N 86 ft 2 221 
CPT-28/ 87 ft 2 280 
CPT-9N91 ft 2 103 
W15-218U/ 108 ft 3 4U 
W15-223/ 108 ft {C) 3 31 .2 
W15-217/ 115 ft 3 797 
CPT-24/ 118 ft 3 44.6 

{a) sampling tube removed, SVE wellhead adapter installed prior to sampling; 
sample from wellhead after well had been open to atmosphere for wellhead assembly changeout 
{b) unable to pull sample from CPT-2-4/95 ft; substituted CPT-2'4170 ft 
{c) sampled from wellhead without tubing after 3 minute purge 
{d) sampled from wellhead without tubing after 10 minute purge 
(e) unable to pull sample from CPT-28/40 ft; substituted CPT-28/60 ft 

3/24/98 4/30/98 5/26/98 6/29/98 

CC14 CC14 CCl4 CCl4 
{ppmv) (ppmv) (ppmv) (ppmv) 

0 del 4/98 del4/98 del 4/98 
0 0 0 0 
0 def 4/98 del 4/98 del 4/98 
0 def 4/98 del 4/98 deI4/98 
0 0 0 0 

1.2 0 2.1 1.8 
0 1.4 1.5 1.2 
0 del 4/98 del 4/98 del 4/98 
0 0 0 0 
0 0 0 0 

1.17 3.6 4.2 '4.1 
0 1.0 4.3 6.5 
0 def 4/98 del4/98 del 4/98 

9.1 del4/98 del4/98 del 4/98 
2.2 del '4/98 del 4/98 del 4/98 
1.2 1.2 1.3 0 

11.7 13.3 {e) {e) 
1.4 del 4/98 del4/98 del 4/98 

42.9 '4U 52.7 33.7 
38.9 39.1 38.8 38.0 
17.3 15.0 15.3 12.8 
16.3 16.'4 17.8 17.6 
14.6 1-4.0 15.0 8.6 
0 {a) def 4/98 del '4/98 del 4/98 
15.8 del '4/98 del '4/98 del 4/98 

1.3 0 
1.8 3.2 2.9 

0 5.54 0 
11.9 15 15.3 
169 168 206 
229 229 230 

27.6 34.5 33.6 
0 {d) 0 {d) 0 {c) 

0 2.18 0 
6-4.9 {C) 25.4 {d) 630 50'4 

37.7 36.5 37.5 
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Table 3-1. Volume of Groundwater Treated and Mass of Carbon Tetrachloride Removed 
Since Startup of Operations at 200-ZP-1. 

Reporting Period Liters Treated Mass of Carbon 
Tetrachloride Removed (kg) 

August 1994 - July 1996 26,676,000 75.85 

August 1996 - September 1996 33,232,327 60.96 

October 1996 - December 1996 44,583,715 143.54 

January 1997 - March 1997 69,869,604 237.2 

April 1997 - June 1997 41,877,094 140.8 

July 1997 - September 1997 62,469,305 228.8 

October 1997 - December 1997 77,192,021 262.6 

January 1998 - March 1998 71,545,712 281.4 

Total 427,445,778 1,431 

Table 3-2. Approximate Pumping Rates for 200-ZP-1 Extraction Wells 
from January 1 to March 31, 1998. 

Well Name Well Number Flow Rate.Umin 

299-W15-33 1 68 

299-WlS-34 2 108 

299-W15-35 3 310 

299-WlS-32 4 86 

299-WlS-36 5 115 

299-WlS-37 6 67 

Total 754 

3-48 

r 
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Figure 3-8. Carbon Tetrachloride Time-Series Plot for 200-ZP-1 Extraction Wells from 
July 1997 Through March 1998. 

::J' --Ol 
.3 ... 
u u 

-...J --Ol 

.3 ... 
u 
u 

6000 

4000 

-o-- 299-W15-32 
299-W15-34 

--<>-- 299-W15-36 

0 L-------------'-----'-----'----'---------'------'--
7/1/97 9/29/97 12/28/97 

Date 

-o-- 299-W15-33 
_.....,._ 299-W15-35 

3/28/98 

--<>-- 299-W15-37 
8000 ...---,-------,,-----,----,-- --,--~----.-----.---"""T"""S 

6000 

4000 

\ 
2000 I 

1 
0 '----;...._ ____ __._..;:,;....___,1 __ .:........:._.;....___._ __ ~~----............ 

7/1/97 9/29/97 12/28/97 3/28/98 

Date 

3-18 

r 



Table 3-4. Average Concentrations for Carbon Tetrachloride, Chloroform and 
Trichlorolethylene at the 200-ZP-1 Extraction Wells and Influent Tank T-01 

f F b Th h M h 1998 rom e ruary roug arc . 
Average Well/l'ank Concentrations (µg!Lt 

Influent 
Constituent WlS-32 WlS-33 WlS-34 WlS-35 WlS-36 WlS-37 Tanlc 

Carbon Tetrachloride 6,917 6,550 4,033 3,850 2,014 230 4,022 

TCM 40 28 15 18 23 22 -

TCE 5 10 11 6 8 2 -

January data were not used for the estimate because of variabilities in operations that, if included, would 
misrepresent actual average concentrations. 

Table 3-5. Summary of Modeled and Measured Drawdown and Buildup in 200-ZP-1 Wells 

/ :'/ /~:~;r,;{1:-,_/ ; \:T~·:=~~~~ii: :~; :: :~·::;:M.~~~~=! / ':. :~:. -~~-~~. :·.. . . ·. ~M~4.~~~:<:.'.-: 
• 3:d::.=WellL: .. :'' ':Drawdowiifm) '.:.,nf.awdowiffriif · 'Btilldu-·-<mf="·····'·'Billlau ·· :,,m>"~ ,; 

299-W15-33 7.45 1.3 
299-W15-34 7.96 2.22 
299-W15-35 7.54 6.57 
299-W15-32 2.38 1.8 
299-W15-36 No Data 1.41 
299-W15-37 6.49 0.89 
299-W15-25 0.89 0 
299-W15-10 0.78 0.68 
299-W15-11 0.39 0.19 

i99-W15-31A · 0.2 0.05 
299.-W15-1 0.71 0.28 
299-WlS-7 0.71 0.41 

299-WlS-38 0.49 0.24 
299-WlS-39 0.33 0.14 
299-W15-29 20.01 8.37 
299-W18-36 1.13 0.56 
299-W18-37 0.47 0.53 
299-W18-38 0.29 0.04 
299-W18-39 0.2 0.01 
699-39-79 0.53 0.47 

299-W15-24 0.35 0.15 
299-W18-26 0.29 0.2 
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Fig~re 3-6. Influent and Effluent Tank Carbon Tetrachloride Concentration Trend Plots 
from January to March 1998. 
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Figure 3-5. Carbon Tetrachloride Removal Efficiency from January Through March 1998. 
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Well Comtltuent Unlll Jan. 1998 Feb.1998 Mar.1998 Sep-Dec 1997 Trend (or lbt Jan• Mar 1998 'lnncl Rtporltcl (or Stp- Dec 1998 

l99-Wl4•9 CC"4 11g/L 40 7S ContirNing downward trend which began in 3rd Stabilizing 
quarter 1997 

l99-Wl5•l CC"4 11g!L 4900 4400 Continuing current upward trend which began in Upward trend 
early 1996 

299-WU-4 CC"4 flg/L 390 327 Concentration remaining st.able, but with slight Downward trend 
upward trend 

299-WIS-7 CC"4 11g!L 2700 ll00 Concentration remaining lltable Slablc 

199-WIS•ll CC"4 pg/L 2400 17'8 Conccnlntion remaining lltablo Slablc 

199-WU-IS CC"4 pg/L 770/920 817 Concentration_ remaining sta~le Stable 

l99•W1'-16 cci. flg/L 6500 7871 Coocclllralion pcaJtcd last quarter and now appears to Upward trend 
be stabilizing 

199-WU-18 cci. 11g/L 780 lll8 Conceolntioo remaining stable Slablc 

299-WIS-19 cci. 11g/L 35 No ample• take for this quarter Downward trend 
299-WIMlA cci. pg/L 4800 3100 '816 Concentration pewd last quarter and now appears to Upward trend 

be dccr•1ing 

299•W1'-32° cci. f181L ,660 6080 7300 6100 Concentration rcmaioiog stable 

299-WU-33• cci. pg/L 5500 5733 6900 5193 Cooccntratioo appcars to be rising toward the eod of 
thi• quarter 

299-WIS-34• cci. flg/L 3240 3500 4300 1880 Concentration appears to be rising toward the md of 
this quarter 

199-WU-3,• cci. flg/L 3140 337' 4133 1790 Concentration appears to be rising toward the end of 
this quarter 

299-WIS-36• cci. 11g/L 1750 1780 2267 1327 Concentration remaining ltablo 

299-WIS-37• cci. pg/L 190 202 250 128 Concentration remaining stable 

299-Wl5-38 cci. pg/L 2600 3272 Conccntntioo remaining stal>lc Upwudtrend 

299-W15-39 cci. pg/L 1300/1400 1389 Concentration remaining stable Upward trend 

299-W18•l cci. - pg/L 1400 1730 Concentration pcalced last quarter and now appears to Upward trend 
be dccreuing 

299-WlB-21 cci. 11g/L 220/260 221 Contimliog downward trend which began in mid Continuing downward trend which began 
1995 In mid 1995 

299-W18-24 cci. pg.IL 1400 1880 Trending ia difficult to detect Trending is difficult to detect 

299-WIB-26 cci. pg/L 780/800 290/300 109 Concentration peaked again in January 1998 and now Stable 
is trending downward•• 

299-W18-27 . CC"4 11g/L 270/320 303 Concentration remaining st.able Stable 
299-WIB-30 cci. pg/L 540 613 Continuing general downward trend I Downward trend 

299-Wl9•15 cci. pg/L 360 No aamples tako for this quarter Upwudtnnd 

699-39-19 cci. pg/L l 2 4 Concentration remaining stable Downward trend 

•Exttaction WeU• • Rcsulta fi-om extnction wells are l!ivcn u monthly 1111d quartnly avengta. Summa,v of trends ara a0oroximato plc11c 1cc accompanying trend plots. 
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fi'Jcld Demonstration a11d Evaluation of the Cone Pcnetromcter 
Technologies for the Direct Detection of DNA PL 

Visitor,s Day 
June 4., .1998 

at the Savannah River Site 

Sponsnred by the 

U. s~ l>epartment c,f Eneru)''s Office of Science and Techaolol:)' 
Chnacterization, Monitoring, and Scn~r Technoloty Proerum 

U.S. Department of Energy's Savannah RJver 11·1e1d Office 

f,~cderal Enerl:)' Tecbnoloe)' Center 

' EiC. ln.c. 

Savanllah River _Technology Center 

061120 

You arc invited to altemJ a Visitor's Day at the Savannah River Site for a demonstration of two 
sensors Jesigncd to directly detect dense non aqueous phase liquid (DNA PL) contaminution in 
the subsurface. These sensors use optical methods of detection t.o identify the DNAPL; 
specifically, one oflhe sensors uses measured Raman spectra lo identify compounds, and lhc 
olher sensor m~ures refractive index changes in the pore fluid of the sediments. 

DOR Cone Penctrometer Scnsnr Evaluation Program 

The cone penclromcter is b~ming the Looi of choice for crivironmenlaJ site characterization in 
unconsolidated and semi-consolidal~ fom1ations because it allows access lo lho subsurface in a 
rapid and cost effective manner. Many sensors and probes for use with the cone pcnctrometer 
arc cu~ntly under development by government, university and commercial ~ups. DOE's 
Office of Science and Technology has an ongoing program since 1993 to provide independent 
l~ling and evaluation of these sensors in approprialo field sites. Since I 995, this program has 
been opcraleti at the Savannah River Site. 

During 19?8. we will evalulle two types of sensors, i.e., two Raman sensors and an index of 
,efraclion sonsor. Both of the Raman sensorS were developed with funding by the Office of 
Science and Technology, one Ill LLNL and the olhor by ErC, fnc. with funding through the 
Federal Energy Technology Center. The Internal Reflection Sensor. was alS<.> dovcloped by ETC, 
me. with funding from the Federal Energy Technology Center. At tl1c Visitor's Day, both of lhc 
sensors developed by EJC, Inc. will be demonstrated. 

The focu.,i; of lhe evaluation is lo dctem1ine the capability of these two optical methods to detect 
subsurface dense non aqueous phase liquid (DNAPL) contaminants. Two of the sensors are 
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designed to acquire Raman spectra of sediments immediately outside of an optical window on 
the cone pcmctrorneter. The other scmsordetermincs the presence of DNAPL hy measuring 
refractive index changes in the pore fluid of the sediments. Fact sheets developed by the federal 
Energy Technology Center with specific infonnation on two oflhe sensors arc included in thili 
packet. field testing will be conducted at the Savannah River Site (SRS) in three waste sites that 
have a high probability of DNA PL occurrence. An evaluation report summariz_ing the cost and 
perfonnancc resulls of all three sensors will be available from WSRC in Septembc~. 

Re1tistratio11 · 

The demonstration will take place on June 4, l 998, at M Area of the Savannah River Site near 
Aiken, Soulh Carolina. The day will begin with an oricr1tation al the SRS Visitor.I Control 
building. 703-46A. where participants ure asked to reb'istcr at 8:30 a.m. Registration will bo 
followed hy presenlutions at the 708-A Cafeteria and a field site visit. 

lndividuals interested in attending the demonstration should complete the attached registration 
li>ml and fax: it to Carol Eddy-Dilek at 513-529-3218 or reply by e-mail to carol.eddy
tlilek@.,srs.gov. Please be sure to provide the following infonnation, including your Social 
Security numhcr if you t.lo not have a current DOE security badge, so that we can make 
arrangements for a !\ecurity badge and send you specific infonnation regarding the logistical 
arrangements. SRS participants should meet at 9:00 am at the 708-A Cafeteria. 

Name: . 
Title: 
Organization: 
Address: 
City, State, Zip Co<le: 
Telephone Number. 
FAX Number: 
E-mail Addr~ , :: . 
Citizensh~p:~ther, plem.c s·pccify: 
Social Security Nurnber · 

Dress for the demonstration is casual. Weather conditions in Aiken in June tend to be very 
wann. Long pants and slurdy work shoes will be required for all visitors to the field site. 
Registrants should fly into Augusta's Bush Field _Airport. Numerous hotel accommodations are 
available in Aiken. South Curolina and Augusta, Georgia. For further information on the 
domonstration logistics contact Carol Eddy-Dilck at S 13-529-3218. 

2 
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Project Coordinators 

Joe Rossabi . 
Westinghouse Savannah River Company 
Building 773-42A · 
Aiken. Soulh Carolina 29808 
(803). 725-2418 

Mike Carrabba 
etc. Inc. 
i 11 Downey Street 
Noiwood, MA 02620 
617-769-9540 

Pn»he Evaluation 

7102429$6 

Carol A. Eddy-Dilek 
Westinghouse Savannah River Company 
Building 773-42A 
Aiken. South Carolina 29808 
(513) 529-)218 
(803) 725-2418 · 

Jagdisn L. Malhotra 
focdcrnl Energy Technology Center 
3610 Collins t,·en-y Road 
Morguntown, WV 26507 · 
304-285-4053 

The evaluation ofLhe probes will be done using a standard piewconc peoetromcler tip with the 
sensor lo he evaluated incorporated immediately behind the cone tip. · Each of the three sensors 
will be tested in sepurale pushes within a 3-metcr diameter circle at each of the four test sites. 
Continuous sensor data will be collected as the cone pcnetromctcr is pushed al each location. 
Since the Raman SC?Jlsors acquire data at a slower rntc than the standard piczoconc sensors, lhc 
spectral data will be an average over a sp~ilic depth interval. ff the spectrum at a discrete depth 
indicates DNAPL, a longer spcc_tral scan lo improve spectral clarity may be taken. The 
penelromctcr will then be advanced IO cm (4 in) and a new IO second spectrum will be taken 
with the same option for longer spectral scans. Confirmatory sediment sllmples fur analysis lhat 
correspond wiLh the discrete Raman measurements will be collected by conventional drilling and 
split spoon sampling within the 3-mcter diameter circle at ellch sile. 

) 

~ 4 
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Internal Reflection Sensor for the 
Cone Penetrometer ~9r 

l>cvclnper: EiC Laboratories. [nc. 
Contnu:t Number: DE-AR21-9&MC33079 
Cro.~cutting Area: CMST & ESP 

~ , ! •, • r . I • I I I. .h ' 

C@lllll.1.1 'f. 

flIU~A~EA 

Problem: 

l",lon-l.l4ueous phase Hquid.'-
. (NAPLs) ~ environmental 

Benefits: 

• Med!! $cnsing nc.cd for which no 

lechnulogy cuCTCOr_ly exists 

• .(mproves the quality and redu~ 
chc time · and cost of sire 
chanictcrization 

or 
Vottmeter 

pushed into Lh~ ground. When no 
cunttuninants are · prcsenl Al I.he 
sensing face, laser light is fully 
rt:O~lcd wicbin che clement and is 
detected in chc sensor head. 
Howevcc, when NAPL._ come into 
contact with the sensing face, the 

internally reflected light ~~ 

diminished. This 
results in a decrease 
in lhc signal output 
by lho dcceccor - a 
positive 'indicacor of 
NAPL presence. 
Because · lhe 
response from lhe 
detector is 
conlinuously 
mea-.un:d at the 

surface by a 

cc::>ntaminanu of particular concern 
because oflk long.:tenn threat lhey 

pose to drinking water i.upplie.'-. 
l'f' APL-; such as trichlo.roethylenc:. 
pcrchlorocthyene and gasnlin~ have 
bw. w.u.er .solubilities and dlcrofoce, 
~ "free phase'' cunlAminanl soucccs, 
are depleted only _very slowly by 
djssolution into largt: volunacs of 

g..-oundwaccr. The result is · 
widespread pollution that can 
conlinue for many years if che 
~ APL'- are not located and 
r:crnoved. f .ocaLing NAPLs is ll 

challenging ta."'lc bc:cuuse lhcy 

migrate through cr.tclc5 and fissures 
irw lhe subsurface soil to fonn small. 
i&olated 11 p00Js" (If cont.aminntion. 

.,__ ________________ ~ voltmeter or 

S~lution: 

D~vt:lap a rugged, inexpensive 
se:::nsor that can he deployed in a 
cunc penettometer, for rcal-t_im~ 

detection of NArL.... during site 

characteriza1ion. 

October 1997 

Technology: 

The he11rt of t.he sensor is tho 
inlmlal retlcccion clement. Thi~ 
element is positioned in rhe wall of 
l h..: pcnctrometer cone so that it!I 

sensing face is in conlacl wilh lhc 
soil or groundwater as the cone is 

IO o 2. _: (.,( c re .. : / -.._,( 
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comput.er, . NAPl.s 
can be detcct.ed i~tantanoously. Ao 

important feRtUTC of lhe device j_c; 

·response only ·Lo NAPL 
conlaminanlS, wirhout interference 
frnm naLunll soil components. 
1:,rroundwaltcr or dissolved chemicals. 
The sensor operates in both lhe 
vatk>se and $aturated.zones. 

(A\ . 
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~ 
'lllis project is. planned in l wo 

phases to demonstr.:1te internul 
r~fleccion sensing as a viable 
technique for k>eating NAPL'i in~ 
subsurface. Pha.,;e r include.c; the 
. fabrication und laboratory t~,;ting of 
· the intcmaJ rcHcction SCCISOC. ehase 

11 will demnnstr.ite the technology 
in a cone peneuomcter Rt• a site 
cunutminutcd by NAPLs. 

• Contacts: 

resi:arch and dcvcloprncnt of new 

technologies for waste sil~ 

char.scterimtion and cleanup. For 
information regarding this project. 
the DOE contact is: 

DOE Project Manager. 
Jagdish L. MaJhQlr.i 
Federal tinergy 'fechnnlngy c~n~r 
36l0 Collins Ferry Road 

Morganlown. WV 26507-8880 

Phone: (304). 285-4053 
fax: (304) 285-4403 · 

ElC Laboratories. foe: develops E-mail: jmalho@fotc.doe.gov 

sensors fi>r environmental and olher 
appJications, including h1tzardous 
w a.c:Le site cha.ractcrii.a.tiou. Poe 

in formation regarding this project. 
the contractor contact is: 

Plincipal fnvestigator: 
De. John W. Haas Ul 
me Laboratories. foe. 
l l l Downey Strcct . 
Norwood. MA 02062 
Phone: (617) 769-9450 
Pax: (617) 769-2099 
E-mail: None 

DOE's Fedao1l Energy T~hnology 

~nter suppom the Environmental 
Managcmcot - Office of Science and 
Technology by cuntr.icting Lho 

1911 1997 1999 
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Field Raman Spectrograph for 
Environmental Analysis 

f)eveloper: lilC Laboratnrws, Inc. · 
Contract Nwnber. DE-AC21-92MC.."29]08 
crosscu~tlng Ama: CMST · 

Tank~ 
fOCUS AR[A 

Problem: 

r nstrumentarion for on-si~ use is 
n~led lo provide highly specific in 

_. s i lU cht:miClll characterization and 
,napping of a wit.Jc variety of 
wastes, corrosion producLc:~ am.I 
poDutanL<; I.hat are k>eated in scorage 
Utnks. soils, and ground and surf ace 
Wl\[CCS al Department. ur Energy 
(I )()E) sireg_ The history of many nf 
Lhe cont.aminarion . sources is 
u11known, thus malcing plans for 
cnvin>nmc:nta.1 restoration difficult. 
Concentrated wastl!8 l~ lo · he= 
hctemgennus and cannot currently 
be characterized uni~ mulLiple 
sampl~ are taktm. 

Minor 

Sapphira Window 

on• SIHv• 

ID• Conical Tip 

Oclnher 1997 

Solution: 

A field-hardened Raman 
Specrrogrnph has been w:signed 
which can be used · to obtain 
"chcmicul finge,prinrs" · of~ · 
concentrated ~d dilu~ hauu-dou"J 
waste conlammanL~ m · storage 
lanks • . soil, and water. The 
instrument is a portable. smull •. 
analyl-ical device capable of in sins 
mc=a.-.un=merits thilt can · identify 
cumpouncJs more rhan 50 meters 
awny from lhc: spectrometer Via 
fiber optic probes. The sy~tem i.-; 
desib'11et.l U> he suitable for detection 
of highly conccnrrared maccriaJs and 
in specially designed pn)bes. for 
P-,u1s-per-billion levels. 

• 1-n situ detcctioo, characterization. 
and mapping of previously unblown 
concentrated wasl.t!S. 

· "' Detection of co1TOsion on the 
intcrioi· surface of Slnrage tanks 
which would indicate areas of 
wt.akilc:ss or leakage. 

•Chur.u;lerizaliun of dilute waste 
ph.nr~ which require more sensitive 
analytical methods. 

( ,,, ~ 

•Reduction of coses of sicc 
cbaractcrilltion by eliminating the 
need for expensive proces.~ng or . 
samples removed from the waste 
site. 

• Near real-time on:-sicc 
identification of contaminant:; us 
compared to off-site labs. 

"'Mon: c.:umplelc and cost-cff cccive 
site mnpping l.han is possible with 
drilled and excavated wells. 

TechnololO': 

T~ over.ill purpose of this project 
is to develop and field dcmonso-ace 
a portable Raman spectrograph 1md 
associated saJ11>ling accessories that 
can be . used in the field for 
st..-recning, monicoring, and 
icJentification of II wide Variety of 
contaminant~. This instrumentation 
development project combines fiber 
optics, Raman Spcctro.~copy. · 
Echclle grclling. la.-.en.. micro- . 
optical lenses, charged-coupled 
deva:e.'l. and fiber- optically coupled . 
deployable probe heads. 

The optiQi allow measurements to 
be made frum more than 50 meters 
between the Raman instrumenl um.I 
probe head. The unil is dc.,;igncd to 
be capable of opcr.lting using 

Federal Energy Tt:chru_,logy C~nter 
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V" 
anodc.~t power . from a portable 
general.Or HOd could be int.egrated 
into an instrument pJarforn,. 

Key f eaturcs of the: project will be 
the fabrication of a fulJy tfoldablc: 
spectrometer oosed on n breadhoard 
version dcvclo~ under ao earlier 
DOE-sponsored projccc. 
~velopmcnt of an extensive library 
of DOE conraminanL1;, and a ficld 
demonstn1tion at Savannah River 
Sire. 

Contacts: 

EiC Labor.11.uries Inc., is active: in 
the area of lwnan instrumentation 
development and · 11pplication for 

· DOE, ,he Office of Naval Research. 
and lhe U.S. Arr,1y. For ilfonnarion 
regarding 1his -project plea.-.e 
contact: 

Principal r nvestigaror: . 
Dr. Michael M. Camwba 
ETC Laboratories 

· I l I Downey Stroet 
. Norwood, MA 02062 
. Phone: (617) 769-9450 
Fax: (617) 769-2099 
E-mail: None 

DOE's r-cdcral Enc:rgy Technology. 
Cen~r iiuppons the Envirunmental 
M;snagcmenl - Office of Science and 
Technology hy contracting I.he 
research nnd dc:veJopmcnt of new 
technologies for waste ·sire 
ch.ar.acleri7J1tion and cleanup. For 

information regarding this project, 
the DOE contact is: 

DOE Pmjcct Manager: 
Iagdish L Malhotra 
Fcdcra.l Encq,ry Technology Cenror 
3610 Cullins Ferry Road 
Morgantowo, WV 26507-8880 
Phone: (304)285-4053 . 
Fax: (304)285-4403 
E-mail: jnwho@fei.c.doe.gov 
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