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Comments on Draft Final Data Gaps Investigation Report – May 2005 
Longhorn Army Ammunition Plant 

 
October 12, 2006 

 
Reviewer:  Fay Duke, Project Manager, Team 2, Environmental Cleanup Section II, Remediation Division 

Scott Harris and Stephen Tzhone, Region 6, U.S. Environmental Protection Agency 
 Respondents:  Shaw Environmental, Inc. 

 
1.  Respondent Concurs (C), Does Not Concur (D), Takes Exception (E), or Delete (X). 

2. Commenter Agrees (A) with response, or Does not Agree (D) with response. 

Longhorn Army Ammunition Plant Comments Page 1 of 6  November 2006 

Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

Fay Duke, TCEQ 

1  General This report summarizes the data gap investigations at the 
following sites:  LHAAP-04, LHAAP-17, LHAAP-18/24, LHAAP-
29, LHAAP-32, LHAAP-35A(58), LHAAP-35B(37), LHAAP-
35C(53), LHAAP-47, LHAAP-48, LHAAP-50, and LHAAP-67.  
Because the data gaps at each LHAAP site are unique, it is 
recommended that the objectives or the data gaps at each site 
be specified and conclusions as to whether the sampling and 
analysis conducted accomplished the objectives be specified.   

The report identified numerous data gaps at the various sites.  
We acknowledge that since the publication of this report, 
additional investigations have been or are currently being 
conducted to address some of the data gaps.  Furthermore, we 
have previously provided comments on several of these sites in 
the review of other work plans and reports.  Those comments 
will not be repeated here.  We have listed our additional 
comments and concerns below segregated by sites.   

TCEQ Comment:  (Fay Duke, from email dated December 6, 
2006):  We generally agree with the responses.  However, we 
have the following concerns:  We were unable to locate the site-
specific objectives for the investigation in Section 2.0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C Objectives of the investigation for each site are 
stated in Section 2.0.  Conclusions based on the 
investigation are summarized for each site in 
Section 4.0. 
Text will be added to Section 4 to indicate 
whether the specified objectives were met and if 
not, will be explained in the individual site 
summaries. 
 
 
 
 
 
 
 
 
Shaw’s Revised Response: 
The overall objectives for the data gaps 
investigation are mentioned in Section 1.1.  The 
following text will be inserted after the first 
sentence of Section 1.1: “The Data Gaps Work 
Plan was the result of data gaps identified during 
the Data Quality Objective Workshop, Group 2, 
held in Dallas, Texas, on June 12-13, 2002, and 
the Data Quality Objective Workshop, Group 4, 
held in Austin, Texas, on April 29-30, 2003.  The 
objectives selected to remove the data gaps were 
identified and approved by the Army and the 
regulators.”  The text in Section 2.1.1, first 
paragraph will be modified as follows: 
“Twelve (12) monitoring wells were installed to 
acquire a better understanding of the lateral and 
vertical extent of groundwater contamination at 
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1.  Respondent Concurs (C), Does Not Concur (D), Takes Exception (E), or Delete (X). 

2. Commenter Agrees (A) with response, or Does not Agree (D) with response. 

Longhorn Army Ammunition Plant Comments Page 2 of 6  November 2006 

Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

 
 
 
 
 
 
 
In responding to TCEQ comments regarding the incomplete 
delineation of the groundwater contamination plume at several 
LHAAP sites, it is stated that identifying data gaps and providing 
recommendation for future action were not objectives of this 
project and that data for the site will be evaluated during site 
specific response and appropriate action will be taken. However, 
we believe that reference should be made to indicate that 
additional investigations may be required to fully delineate the 
contamination at each of the site with data gaps. 

 

several sites.  These included two 
shallow……….”  Section 2.3 and 2.4 outline the 
objectives of the soil, surface water, and 
sediment sampling effort.  Site-specific objectives 
identified in Section 2.0 of the February 2004 
Final Data Gaps Work Plan will be added to the 
appropriate Section 2.0 subsections of the Final 
Report. 
 
The need for additional investigation will be 
determined based on an evaluation of the data 
during site specific responses and to support the 
proposed remedy for the site. 
 
 

2  Figure 1-2 The title of the drawing, Installation-Wide Site and Monitoring 
Well Location Map, is misleading.  The map does not reflect all 
the sites in the installation nor does it include all the monitoring 
wells in the facility.  Please revise. 

C The title of Figure 1-2 will be revised to “Site and 
Monitoring Well Location Map.” 

 

3  LHAAP-04 No Comments.    

4  LHAAP-17 The extent of the perchlorate and VOC contaminations in the 
shallow zones and deep zones are not well defined.  Please 
provide recommendation for a course of action(s) to address the 
data gap(s). 

C Identifying data gaps and providing 
recommendations for future action were not 
objectives of this project. The groundwater data 
for the site will be evaluated during the site 
specific response to LHAAP-17 and appropriate 
action will be taken.  

 

5  LHAPP-18/24 No Comments.    
6  LHAAP-29 No Comments.    
7  LHAAP-32 No Comments.    
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1.  Respondent Concurs (C), Does Not Concur (D), Takes Exception (E), or Delete (X). 

2. Commenter Agrees (A) with response, or Does not Agree (D) with response. 

Longhorn Army Ammunition Plant Comments Page 3 of 6  November 2006 

Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

8  LHAAP 35A (58) Figure 3-6:  The location and boundary for Site 35A is different 
from those shown in the work plans and previous reports (see 
attached),   Although there are differences in the site boundary 
of previous drawings, none of the previous drawings included 
the 200 Area.  The TCEQ does not object the inclusion of the 
200 Area.  However, clarifications should be provided for the 
inclusion of this area.  Furthermore, data and risk assessment 
and evaluations for LHAAP- 35A must include the data collected 
for the 200 Area in future reports.   
 

 

Section 3.1.5:  It is stated that groundwater flow within the 
shallow groundwater-bearing zone is to the southeast.  
However, we note that Figure 3-6 depicts groundwater flow to 
the north east and to the southwest.  Please explain.   

 

 

 

 

Section 3.2.6:  It is stated that methylene chloride detected in 
the deep groundwater zone is a common laboratory 
contaminants.  These statements which imply that methylene 
chloride is not a site related contaminant cannot be 
substantiated.  Please revise the sentence to state that 
methylene chloride was detected, but at low concentration. 

 

 

Section 4.2.5:  It is stated that a contaminated plume for TCE 
could not be adequately defined because there are only two 
wells.  We noted that a total of seven shallow zone monitoring 
wells were sampled, please clarify. 

C 
 
 
 
 
 
 
 
 
 

C 
 
 
 
 
 
 
 
 

C 
 
 
 
 
 
 
 

C 
 

 

Please see the attached memorandum from Cliff 
Murray regarding site boundaries.  In the final 
document, the 200 Area will not be included 
within the site boundary. 
 
 
 
 
 
 
 
The first sentence of the second paragraph will 
be changed to “Based on the acquired data, the 
local groundwater flow within the shallow 
groundwater-bearing zone at LHAAP-35A(58) is 
to the northeast and southwest (Figure 3-6).  In 
the installation-wide groundwater elevation map 
(Figure 3-13), the regional groundwater flow at 
LHAAP-35A(58) is shown to the southeast.” 
 
The sentence will be revised to state that 
methylene chloride was detected, but at low 
concentration. 
 
 
 
 
 
 
The sentence that begins, “Since there are only 
two wells…” will be deleted. 
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2. Commenter Agrees (A) with response, or Does not Agree (D) with response. 

Longhorn Army Ammunition Plant Comments Page 4 of 6  November 2006 

Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

Finally, based on the groundwater gradient depicted in Figure 3-
6, the extent of groundwater contamination is not defined down 
gradient of LHSMW05 and LHSMW07.  Please provide a 
recommendation for a course of action(s) to address the data 
gap(s).  

C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 

9  LHAAP-35B (37) The extent of groundwater contamination is not defined in the 
intermediate zone.  Please provide a recommendation for a 
course of action(s) to address the data gap(s). 

C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 

 

10  LHAPP-35C (58) No Comments.    

11  LHAAP-47 Section 3.2.9 and Section 4.2.8: It is stated that “No perchlorate 
was detected at LHAAP-47.”  We believe the statement is 
misleading since not all wells were sampled during the data gap 
investigation.  Please revise.   

The extent of groundwater contamination is not well defined in 
the shallow zone (downgradient of 47WW31).  Please provide a 
recommendation for a course of action(s) to address the data 
gap(s). 

C The statement in both sections will be revised to 
read, “No perchorate was detected in the wells 
that were sampled at LHAAP-47”.   
 
The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 

 

12  LHAAP-48 No Comments.    

13  LHAAP-50 The extent of groundwater contamination is not defined in both 
the shallow and intermediate zones.  Please provide a 
recommendation for a course of action(s) to address the data 
gap(s). 

C The shallow and intermediate groundwater zones 
do not appear to be separate zones at LHAAP-
50.  Although 50WW06 was installed as an 
intermediate well, there was no clay layer 
separating the shallow from the intermediate 
zones so no isolation casing was set. A clay layer 
of at least 3 feet was encountered at 55 feet 
below ground surface, the depth at which the 
screen was set. The groundwater data for this 
site will be evaluated during the site specific 
response and appropriate action will be taken. 

 

14  LHAAP-67 No Comments.    
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Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

15  Surface Water 
and Sediment at 
Central Creek, 
Goose Prairie 

Creek, Harrison 
Bayou and 

Saunders Branch. 

According to the work plan for this data gap investigation, 
samples are to be analyzed for the metals, perchlorate, and 
explosives. Additionally, ten percent of all samples will be 
analyzed for semivolatile organic compounds, pesticides, 
herbicides, dioxins, and polychlorinated biphenyls (PCBs).  It is 
stated in Section 2.4 of this report that all surface water and 
sediment samples were analyzed for metals, explosives and 
perchlorate.  However, in Section 3.4 of this report, it is stated 
that samples were analyzed for metals, PCBs, dioxins/furans 
and pesticides.  Additionally, all discussions regarding the 
sampling results were exclusively concerning metals, PCBs, 
dioxins/furans and pesticides.  Please explain whether sampling 
included perchlorate and explosive analysis.  If so, please 
include discussion relating to those sampling results. 

C Sampling did include perchlorate and explosive 
analysis; however, there were no contaminant 
concentrations observed in any of the samples 
collected above laboratory detection limits.  A 
sentence will be added to section 3.4, paragraph 
5, “No perchlorate or explosives were detected 
above the laboratory detection limit in the 
sediment and surface water samples collected.” 

 

Scott Harris and Stephen Tzhone, Region 6, USEPA 
For comments 16 through 20, please describe how or whether these items will be addressed. 

16 4-1, 
4-2 

4.2.2 
(LHAAP-17) 

The perchlorate contaminant plume in the shallow zone is not 
well defined to the north or south of the site. 

Offsite migration of perchlorate to the northwest is indicated by 
the current data. 

The perchlorate contaminant plume in the deep groundwater 
zone cannot be adequately established. 

C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 
 

 

17 4-2 4.2.4 
(LHAAP-29) 

The m-nitrotoluene contaminant plume is not defined to the 
southeast.   

The vertical extent [of methylene chloride] is not defined. 

C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 

 

18 4-3 4.2.5 
(LHAAP-35A/58) 

Since there are only two wells, a contaminant plume for TCE is 
not adequately defined. 

C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 

 

19 4-3 4.2.8 
(LHAAP-47) 

The lateral extent of the plume is not defined to the northeast. C The groundwater data for the site will be 
evaluated during the site specific response and 
appropriate action will be taken. 
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Commen
t # Page Section/ 

Paragraph Comment C, D1, E 
or X Response A or D2

20. 4-4 4.2.9 
(LHAAP-48) 

However, the effect of slightly elevated turbidity on sample 
results could not be evaluated because the sample was not 
analyzed for the full TAL metals suit [sic] and, thus, aluminum 
and iron results are not available. 

C The cited sentence will be replaced with the 
following: “Elevated levels of aluminum and iron 
are typically associated with highly turbid 
groundwater samples.  Since these data are 
unavailable, the effect of turbidity could not be 
evaluated.”  

 

 

00044803



00044804



00044805



00044806



00044807



00044808



00044809



00044810



00044811



00044812



00044813



 
FINAL 

DATA GAPS INVESTIGATION REPORT 
LONGHORN ARMY AMMUNITION PLANT 

KARNACK, TEXAS 
 

 

 

 

 

 

00044814
 

 

 

 
Prepared for 

U.S. Army Corps of Engineers 
Tulsa District 

1645 South 101st Avenue 
Tulsa, Oklahoma 

 
 

Prepared by 

Shaw Environmental, Inc. 
3010 Briarpark, Suite 400 

Houston, Texas 77042 
 

TERC No. DACA56-94-D-0020, Task Order N
Shaw Project No. 845714 

 
 

April 2007 

 

o. 0109 



 

Table of Contents________________________________________________  

List of Tables ................................................................................................................................................. iii 
List of Figures ................................................................................................................................................ iii 
List of Appendices .........................................................................................................................................iv 
Acronyms and Abbreviations ......................................................................................................................... v 
 
1.0 Introduction ..................................................................................................................................... 1-1 

1.1 Project Objectives................................................................................................................. 1-1 
1.2 LHAAP Location and Background ........................................................................................ 1-1 
1.3 Report Organization ............................................................................................................. 1-2 

2.0 Field Investigation ........................................................................................................................... 2-1 
2.1 Monitoring Well Installation................................................................................................... 2-1 

2.1.1 Monitoring Well Installation Activities....................................................................... 2-1 
2.1.2 Survey of Monitoring Well Locations ....................................................................... 2-3 
2.1.3 Well Development Activities .................................................................................... 2-3 
2.1.4 Waste Management for Monitoring Well Installations.............................................. 2-3 

2.2 Groundwater Sampling Activities.......................................................................................... 2-4 
2.2.1 Monitoring Well Sampling Locations........................................................................ 2-4 
2.2.2 Analytical Requirements.......................................................................................... 2-4 
2.2.3 Waste Management for Monitoring Well Sampling.................................................. 2-5 

2.3 Soil Sampling Activities ........................................................................................................ 2-5 
2.3.1 LHAAP-32 Former TNT Treatment Area ................................................................. 2-6 
2.3.2 LHAAP-50 Former 47,000-Gallon Aboveground Storage Tank Area ...................... 2-6 
2.3.3 LHAAP-67 Former Aboveground Storage Tank Farm Area .................................... 2-7 
2.3.4 Survey of Soil Boring Locations............................................................................... 2-7 
2.3.5 Waste Management of Soil Sampling Activities ...................................................... 2-7 

2.4 Surface Water and Sediment Sampling Activities................................................................. 2-7 
2.4.1 Surface Water and Sediment Sampling Activities at Central Creek......................... 2-8 
2.4.2 Surface Water and Sediment Sampling Activities at Goose Prairie Creek .............. 2-8 
2.4.3 Surface Water and Sediment Sampling Activities at Harrison Bayou ...................... 2-8 
2.4.4 Surface Water and Sediment Sampling Activities at Saunders Branch ................... 2-9 
2.4.5 Survey of Surface Water and Sediment Sampling Locations .................................. 2-9 

3.0 Investigation Results....................................................................................................................... 3-1 
3.1 Groundwater Gradient .......................................................................................................... 3-1 

3.1.1 Groundwater Gradient at LHAAP-04 ....................................................................... 3-1 
3.1.2 Groundwater Gradient at LHAAP-17 ....................................................................... 3-2 
3.1.3 Groundwater Gradient at LHAAP-18/24 .................................................................. 3-2 
3.1.4 Groundwater Gradient at LHAAP-29 ....................................................................... 3-2 
3.1.5 Groundwater Gradient at LHAAP-35A(58) .............................................................. 3-3 
3.1.6 Groundwater Gradient at LHAAP-35B(37) .............................................................. 3-3 
3.1.7 Groundwater Gradient at LHAAP-35C(53) .............................................................. 3-3 
3.1.8 Groundwater Gradient at LHAAP-47 ....................................................................... 3-3 
3.1.9 Groundwater Gradient at LHAAP-48 ....................................................................... 3-4 
3.1.10 Groundwater Gradient at LHAAP-50 ....................................................................... 3-4 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 
 

i 

00044815



 
Table of Contents (continued) ______________________________________  
 

3.1.11 Groundwater Gradient at LHAAP-67 ....................................................................... 3-4 
3.1.12 Installation-Wide Shallow Zone Groundwater Gradient ........................................... 3-5 
3.1.13 Installation-Wide Deep Zone Groundwater Gradient ............................................... 3-5 

3.2 Groundwater Sampling Results ............................................................................................ 3-5 
3.2.1 Groundwater Sampling Results at LHAAP-04 ......................................................... 3-5 
3.2.2 Groundwater Sampling Results at LHAAP-17 ......................................................... 3-5 
3.2.3 Groundwater Sampling Results at LHAAP-18/24 .................................................... 3-6 
3.2.4 Groundwater Sampling Results at LHAAP-29 ......................................................... 3-6 
3.2.5 Groundwater Sampling Results at LHAAP-32 ......................................................... 3-7 
3.2.6 Groundwater Sampling Results at LHAAP-35A(58) ................................................ 3-7 
3.2.7 Groundwater Sampling Results at LHAAP-35B(37) ................................................ 3-7 
3.2.8 Groundwater Sampling Results at LHAAP-35C(53) ................................................ 3-8 
3.2.9 Groundwater Sampling Results at LHAAP-47 ......................................................... 3-8 
3.2.10 Groundwater Sampling Results at LHAAP-48 ......................................................... 3-9 
3.2.11 Groundwater Sampling Results at LHAAP-50 ......................................................... 3-9 
3.2.12 Groundwater Sampling Results at LHAAP-67 ....................................................... 3-10 

3.3 Soil Sampling Results......................................................................................................... 3-10 
3.3.1 Soil Sampling Results at LHAAP-32...................................................................... 3-10 
3.3.2 Soil Sampling Results at LHAAP-50...................................................................... 3-11 
3.3.3 Soil Sampling Results at LHAAP-67...................................................................... 3-11 

3.4 Sediment and Surface Water Sampling Results................................................................. 3-11 
4.0 Summary and Findings ................................................................................................................... 4-1 

4.1 Groundwater Elevation ......................................................................................................... 4-1 
4.2 Analytical Data Summary ..................................................................................................... 4-1 

4.2.1 LHAAP-04 ............................................................................................................... 4-1 
4.2.2 LHAAP-17 ............................................................................................................... 4-1 
4.2.3 LHAAP-18/24 .......................................................................................................... 4-2 
4.2.4 LHAAP-29 ............................................................................................................... 4-2 
4.2.5 LHAAP-35A(58)....................................................................................................... 4-2 
4.2.6 LHAAP-35B(37)....................................................................................................... 4-3 
4.2.7 LHAAP-35C(53) ...................................................................................................... 4-3 
4.2.8 LHAAP-47 ............................................................................................................... 4-3 
4.2.9 LHAAP-48 ............................................................................................................... 4-3 
4.2.10 LHAAP-50 ............................................................................................................... 4-4 
4.2.11 LHAAP-67 ............................................................................................................... 4-4 
4.2.12 LHAAP-32 ............................................................................................................... 4-4 

5.0 References ..................................................................................................................................... 5-1 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 ii 

00044816



 

 

List of Tables ___________________________________________________  

Table 2-1  Well Installation Summary 
Table 2-2  Groundwater and Soil Analytical Parameter Summary Table 
Table 3-1  Groundwater Elevations August – September 2004 
Table 3-2  Groundwater Sampling Results for LHAAP-17 
Table 3-3  Groundwater Sample Results for LHAAP-18/24 
Table 3-4  Groundwater Samples Results for LHAAP-29 
Table 3-5  Groundwater Samples Results for LHAAP-35A(58) 
Table 3-6  Groundwater Sampling Results for LHAAP-35B(37) 
Table 3-7  Groundwater Sampling Results for LHAAP-35C(53) 
Table 3-8  Groundwater Samples Results for LHAAP-47 
Table 3-9  Groundwater Sampling Results for LHAAP-48 
Table 3-10  Groundwater Sampling Results for LHAAP-50 
Table 3-11  Groundwater Sampling Results for LHAAP-67 
Table 3-12  Soil Sampling Results for LHAAP-32 
Table 3-13  Soil Sampling Results for LHAAP-50 
Table 3-14  Soil Sampling Results for LHAAP-67 
Table 3-15  Installation-Wide Sediment Sampling Results 
Table 3-16  Installation-Wide Surface Water Sampling Results 
 

List of Figures __________________________________________________  

Figure 1-1  LHAAP Location Map 
Figure 1-2  Site and Monitoring Well Location Map 
Figure 2-1  LHAAP-32 Soil Boring Location Map 
Figure 2-2  LHAAP-50 Soil Boring Location Map 
Figure 2-3  LHAAP-67 Soil Boring Location Map 
Figure 2-4  Installation-Wide Sediment and Surface Water Sample Location Map 
Figure 3-1  LHAAP-04 Groundwater Elevation Map (Shallow Zone) 
Figure 3-2  LHAAP-17 Groundwater Elevation Map (Shallow Zone) 
Figure 3-3  LHAAP-17 Groundwater Elevation Map (Intermediate Zone) 
Figure 3-4  LHAAP-29 Groundwater Elevation Map (Shallow Zone) 
Figure 3-5  LHAAP-29 Groundwater Elevation Map (Intermediate Zone) 
Figure 3-6  LHAAP-35A(58) Groundwater Elevation Map (Shallow Zone) 
Figure 3-7  LHAAP-35C(53) Groundwater Elevation Map (Shallow Zone) 
Figure 3-8  LHAAP-47 Groundwater Elevation Map (Shallow Zone) 
Figure 3-9  LHAAP-47 Groundwater Elevation Map (Intermediate Zone) 
Figure 3-10  LHAAP-48 Groundwater Elevation Map (Shallow Zone) 
Figure 3-11  LHAAP-50 Groundwater Elevation Map (Shallow Zone) 
Figure 3-12  LHAAP-67 Groundwater Elevation Map (Shallow Zone) 
Figure 3-13  Installation-Wide Groundwater Elevation Map (Shallow Zone) 
Figure 3-14  Installation-Wide Groundwater Elevation Map (Deep Zone) 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 
 

iii 

00044817



 

List of Figures (continued) _________________________________________  
 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 iv 

Figure 3-15  LHAAP-17 Perchlorate and TCE Concentration Map (Shallow Zone) 
Figure 3-16  LHAAP-29 Perchlorate, 1,2-DCA, and Methylene Chloride Concentration Map 

(Shallow Zone) 
Figure 3-17  LHAAP-29 m-Nitrotoluene and o-Nitrotoluene Concentration Map (Shallow Zone) 
Figure 3-18  LHAAP-47 TCE, cis-1,2-DCE, and Vinyl Chloride Concentration Map (Shallow 

Zone) 
Figure 3-19  LHAAP-32 Soil Concentration Map 
Figure 3-20  LHAAP-50 Soil Concentration Map 
 

List of Appendices_______________________________________________  

Appendix A  Boring and Drilling Logs and Monitoring Well Construction Diagrams 
Appendix B  Analysis Request and Chain of Custody Reports 
Appendix C  Sample Collection Logs and Groundwater Purge Forms  (data on compact disk) 
Appendix D  Data Gaps Investigation Historical Groundwater Results (data on compact disk) 
 

 

00044818



 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 
 

v 

 
Acronyms and Abbreviations ______________________________________  

ASTM ASTM International (formerly American Society for Testing and Materials) 
bgs  below ground surface 
DCA dichloroethane 
DCE dichloroethene 
DPT direct push technology 
GPS Global Positioning System 
IT/OHM IT Corporation/OHM Remediation Services Corp. 
LHAAP  Longhorn Army Ammunition Plant 
µg/L micrograms per liter 
mg/kg milligrams per kilogram 
ng/kg nanograms per kilogram 
NTU nephelometric turbidity unit 
PCB  polychlorinated biphenyl 
pg/L picograms per liter 
PVC  polyvinyl chloride 
Shaw  Shaw Environmental, Inc. 
SOP standard operating procedure 
TAL target analyte list 
TCA  trichloroethane 
TCE  trichloroethene 
TCL target compound list 
TERC  Total Environmental Restoration Contract 
TNT  trinitrotoluene 
USACE  U.S. Army Corp of Engineers 
VOC  volatile organic compound 

00044819



Final Data Gaps Investigation Report  Shaw Environmental, Inc. 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 1-1 

1.0 Introduction 

The U.S. Army Corps of Engineers (USACE), Tulsa District, contracted Shaw Environmental, 
Inc. (Shaw), under Total Environmental Restoration Contract (TERC) Number DACA56-94-D-
0020, Task Order 0109, to investigate data gaps at 12 sites and four drainage features at 
Longhorn Army Ammunition Plant (LHAAP) in Karnack, Texas.  The 12 sites included 
LHAAP-04, LHAAP-17, LHAAP-18/24, LHAAP-29, LHAAP-32, LHAAP-35A(58), 
LHAAP-35B(37), LHAAP-35C(53), LHAAP-47, LHAAP-48, LHAAP-50, and LHAAP-67.  
The drainage features investigated are Central Creek, Goose Prairie Creek, Harrison Bayou and 
the Saunders Branch watersheds. 

The aforementioned sites have undergone remedial investigations/feasibility studies conducted 
by other contractors.  Subsequent investigations have identified several data gaps that this Data 
Gaps Investigation Report has been developed to address.  The findings of this report are based 
on field investigations performed by Shaw in April, May, August, and September 2004 in 
accordance with the Final Work Plan, Groundwater Data Gaps Investigation, Groups 2 and 4 
(Groundwater Data Gaps Work Plan), (Shaw, 2004a) and additional investigations documented 
in Addendum 1 and Addendum 2 (Shaw, 2004b) to the Groundwater Data Gaps Work Plan. 

1.1 Project Objectives 
The objective of this project was to collect data that would facilitate a better understanding of the 
nature and extent of groundwater, soil, surface water, and sediment contamination at LHAAP.  
The Data Gaps Work Plan was the result of data gaps identified during the Data Quality 
Objective Workshop, Group 2, held in Dallas, Texas, on June 12-13, 2002, and the Data Quality 
Objective Workshop, Group 4, held in Austin, Texas, on April 29-30, 2003.  The objectives 
selected to remove the data gaps were identified and approved by the Army and the regulators.  
The elements of the investigation are as follows: 

• Install 12 monitoring wells at locations where groundwater data are lacking. 

• Sample newly installed wells and a selected number of existing wells to acquire a 
better understanding of the lateral and vertical extent of contamination. 

• Collect additional data that would delineate the nature and extent of soil contamination 
at sites LHAAP-32, LHAAP-50, and LHAAP-67. 

• Collect additional sediment and surface water samples from several drainage features 
located at LHAAP from areas where data are lacking. 

1.2 LHAAP Location and Background 
Longhorn Army Ammunition Plant is located in central-east Texas in the northeastern corner of 
Harrison County (Figure 1-1).  The facility occupies 8,493 acres between State Highway 43 in 
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Karnack, Texas, and the western shore of Caddo Lake.  The nearest cities are Marshall, Texas, 
approximately 14 miles to the southwest, and Shreveport, Louisiana, approximately 40 miles to 
the east.  Caddo Lake is a large freshwater lake that bounds LHAAP to the north and east.  The 
eastern fence of LHAAP is 3.5 miles from the Texas-Louisiana state border. 

LHAAP is an inactive army installation which was active from the early 1940s to the late 1990s 
for the manufacturing of explosives, pyrotechnics, and rocket motors for World War II, the 
Korean War, and the Cold War.  LHAAP consists of a heavily-vegetated landscape with flat to 
slightly undulating terrain.  Aside from the abundant wildlife, the installation is predominantly 
unoccupied with a number of streets oriented northwest-southeast and northeast-southwest.  
Figure 1-2 provides a map of the installation and the 12 sites and four drainage features 
investigated in this report. 

1.3 Report Organization 
This report consists of five sections and three appendices.  Section 2.0 explains procedures and 
rationale for the field investigation activities performed at the sites.  Section 3.0 presents the 
analytical data.  Section 4.0 summarizes the findings.  Section 5.0 cites the references used in 
this report.  Appendix A contains boring logs and well construction diagrams for the monitoring 
wells installed during the field investigation activities.  Appendix B contains request for analysis 
and chain-of-custody reports for the samples.  Appendix C is a compact disk with groundwater 
sampling forms and sample collection logs.  Appendix D is a compact disk with historical 
groundwater results. 
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2.0 Field Investigation 

In April 2004, Shaw began the installation of 12 groundwater monitoring wells at LHAAP in 
accordance with the Final Work Plan (Shaw, 2004a).  The wells were located at various sites that 
included LHAAP-17, LHAAP-18/24, LHAAP-29, LHAAP-35A(58), LHAAP-35B(37), 
LHAAP-47, LHAAP-48, and LHAAP-50.  A well installation summary is presented in 
Table 2-1.  Eight monitoring wells were installed during April 2004; however, the fieldwork was 
halted due to flooding caused by heavy rains.  The remaining four wells were installed in August 
2004. 

In August 2004, other tasks were added to the data gaps investigation.  The tasks were described 
in Addenda 1 and 2 to the Final Work Plan, published as one document (Shaw, 2004b).  Tasks 
under Addendum 1 included advancing eight soil borings and installing a shallow, temporary 
well at LHAAP-32; advancing eight soil borings at LHAAP-50; collecting groundwater samples 
at LHAAP-32; advancing one boring at LHAAP-67; and collecting groundwater samples at 
seven wells at LHAAP-67.  Tasks under Addendum 2 included collecting 20 collocated sediment 
and surface water samples at locations along Central Creek, Goose Prairie Creek, Harrison 
Bayou, and Saunders Branch. 

2.1 Monitoring Well Installation  
2.1.1 Monitoring Well Installation Activities 
Twelve monitoring wells were installed to acquire a better understanding of the lateral and 
vertical extent of groundwater contamination at several sites.  These included two shallow wells 
(47WW28 and 47WW30), nine intermediate wells (17WW15, 18WW21, 29WW34, 35AWW05, 
35BWW03, 47WW29, 47WW31, 48WW01, and 50WW06), and one deep well (17WW16).  
Additionally, one piezometer (temporary well), 32TMW01, was installed within the shallow 
groundwater-bearing zone.  Well identifications, zones of installation, and construction details 
are provided in Table 2-1. 

Monitoring wells were drilled and installed using a high-torque hollow-stem auger drill rig 
capable of converting to mud-rotary.  Each well was constructed with 4-inch-diameter, flush-
joint threaded, schedule 40, polyvinyl chloride (PVC) and installed in accordance with State of 
Texas rules and regulations.  Soil samples were collected continuously during the drilling of each 
monitoring well borehole to describe the lithology, identify the depths or zones of groundwater 
saturation, and determine the depths and thickness of semi-confining layers.  The soil samples 
were obtained using a 5-foot-long, 2-inch-diameter, split barrel core sampler advanced ahead of 
the drill bit.  The soil samples were described according to ASTM D2488-00, “Standard Practice 
for Description and Identification of Soils (Visual-Manual Procedure)”, and logged on USACE 
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Engineering Form 1836 (Drilling Log) or its equivalent.  Additional details regarding the 
standard practice for logging lithology are provided in TERC Standard Operating Procedure 
(SOP) No. 1134 (IT Corporation/OHM Remediation Services Corp. [IT/OHM], 2000).  Soil 
boring and drilling logs and well construction diagrams are found in Appendix A. 

The 4-inch-diameter monitoring wells were installed in the annulus of hollow-stem augers.  The 
PVC well screen was 0.01-inch slotted screen and was 10 feet in length.  A threaded PVC 
bottom cap was secured to the bottom of the screen interval.  Solid PVC casing was installed 
from the top of the screen interval to approximately 3 feet above ground surface.  A filter pack 
consisting of clean silica sand (20-40 size) was placed in the auger-well annulus from 
approximately 0.5 feet below the well bottom to approximately 2 feet above the screen interval.  
A 3-foot-thick bentonite seal was placed above the filter pack and hydrated with potable water.  
The annular space from the top of the bentonite seal to the surface was filled with a bentonite-
cement grout. 

Wells installed within the intermediate groundwater-bearing zone were isolated from the shallow 
groundwater-bearing zone using a 12-inch diameter, schedule 40 steel casing.  The casing was 
installed near the ground surface to the top of the first confining layer.  Upon grouting and 
setting the isolation casing, drilling proceeded into the intermediate groundwater-bearing zone.  
Well 17WW16 was installed within the deep groundwater-bearing zone, isolated from both the 
shallow and intermediate zones using 16-inch-diameter and 12-inch-diameter steel casings, 
respectively. 

The drilling equipment was decontaminated prior to arrival at the site and prior to drilling at each 
well location, in accordance with TERC SOP No. 1118 (IT/OHM, 2000).  Core samplers were 
decontaminated between sampling intervals in a detergent/water solution and double rinsed with 
potable or tap water in clean buckets.  The management of decontamination wastewater and drill 
cuttings is discussed in Section 2.1.4. 

Aboveground completions were constructed for each monitoring well.  The surface completion 
consisted of a 6-inch by 6-inch by 3-foot-high protective steel casing with a hinged, lockable lid 
set into a 4-foot by 4-foot by 6-inch-thick concrete pad.  Concrete-filled steel bollards were 
installed at the corners of the concrete pad. 

The monitoring wells and surface completions were installed in accordance with USACE and the 
State of Texas requirements by a drilling subcontractor licensed in the State of Texas.  A State of 
Texas Well Report was submitted to the Texas Department of Licensing and Regulations for 
construction of each well.  Copies of these reports are found in Appendix A. 
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2.1.2 Survey of Monitoring Well Locations  
A State of Texas-licensed professional land surveyor, Landmark Consultants of Longview, 
Texas, surveyed the locations and elevations of the 12 newly installed monitoring wells.  Lateral 
coordinates are referenced to the U. S. State Plane Coordinate System, Texas North Zone, North 
American Datum of 1983. The vertical elevations of the tops of the wells (top-of-casing) were 
surveyed to the nearest 0.01 foot.  The top of pad elevation at each well location was surveyed to 
the nearest 0.1 foot.  Table 2-1 provides well coordinates and elevations for the newly-installed 
monitoring wells. 

2.1.3 Well Development Activities 
The newly installed wells were developed by removing drilling fines to enhance hydraulic 
communication between the well and the groundwater zone.  Well development was performed 
by gentle surging of the screened interval using a surge block.  Pumping was performed using a 
down hole pump.  A minimum of five well volumes of water was removed from each well. Well 
volume was calculated based on the diameter of the well and assuming a 30 percent filter pack 
porosity.  The volume of groundwater removed from each well was calculated by subtracting the 
static water level measurement from the total depth of the well as referenced from the top-of-
casing.   An electronic probe was used to measure the water levels.  As an alternative to 
pumping, a bottom-filling bailer was used to remove water from low-yielding wells.  Water 
quality measurements (temperature, pH, conductivity, dissolved oxygen, and turbidity) were 
recorded using a Horiba U-22, Serial No. 0282031-1999.8.  Development continued until the 
water quality parameters stabilized to within 10 percent and the water was visually clear in 
accordance with guidance on well development provided in TERC SOP No. 1121 (IT/OHM, 
2000).  Management of the purge water and decontamination wastewater is discussed further in 
Section 2.1.4. 

2.1.4 Waste Management for Monitoring Well Installations 
Drill cuttings generated during well installation activities were placed in eight polyethylene-lined 
20-cubic-yard roll-off containers.  A separate roll-off container was used for each site.  At some 
locations, drill cuttings were placed in 55-gallon drums before being transferred to the roll-off.  
Each roll-off container was sampled and analyzed for volatile organic compounds (VOCs), 
reactivity, toxicity, flashpoint, and flammability.  A grab sample was collected and analyzed for 
the volatile samples, and a three-point composite was collected and analyzed for the remaining 
analytical suite.  After confirming that the drill cuttings were non-hazardous, the contents of the 
roll-off containers were disposed within the fenced area at LHAAP-18/24. 

During well development activities, wastewater was generated as well development or purge 
water and decontamination wastewater.  This wastewater was placed in 55-gallon drums until 
transported and emptied into the onsite groundwater treatment plant at LHAAP-18/24. 
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2.2 Groundwater Sampling Activities 
In August and September 2004, Shaw conducted groundwater sampling activities at LHAAP. 
Samples were collected using the low-flow sampling method utilizing a site-specific SOP on 
low-flow sampling techniques.  The objective of this method was to recover representative 
samples of the groundwater in the formation adjacent to the well screen, eliminating the mixing 
of any stagnant water above and below the well screen.  Ideally, the flow rate of water discharge 
from the down hole bladder pump was equal to or less than the flow rate of groundwater entering 
the well from the water-bearing zone. 

The wells were purged at low-flow rates until water quality parameters stabilized and were 
within acceptable ranges.  The samples were then collected at the same low flow rate.  The low-
flow sampling method reduces the turbidity in samples by minimizing the disturbance of 
sediment at the bottom of the well.  That, together with the reduction in the amount of purge 
water that has to be managed and disposed, makes the low-flow method a more advantageous 
sampling technique. 

2.2.1 Monitoring Well Sampling Locations 
Shaw conducted groundwater sampling activities at a total of 89 monitoring wells at LHAAP, 
which included the 12 newly installed monitoring wells.  Figure 1-2 shows the locations of the 
wells sampled during this activity. 

2.2.2 Analytical Requirements 
Groundwater samples collected from each site were analyzed for specific contaminants of 
concern based on past activities conducted at each site.  Samples collected from LHAAP-17 and 
LHAAP-29 were analyzed for target compound list (TCL) VOCs, perchlorate, and explosives, 
and samples collected from LHAAP-18/24, LHAAP-35C(53), LHAAP-47, and LHAAP-50 were 
analyzed for TCL VOCs and perchlorate.  Dioxins/furans and target analyte list (TAL) metals 
were also analyzed in groundwater samples collected at LHAAP-35C(53).  Samples collected 
from LHAAP-04 were analyzed for perchlorate only.  Samples collected from LHAAP-35A(58), 
LHAAP-35B(37), and LHAAP-67 were analyzed for TCL VOCs only.  Samples collected from 
LHAAP-48 were analyzed for perchlorate, thallium, and dioxins, and samples collected from 
LHAAP-32 were analyzed for explosives.  A summary of the parameters analyzed for each site 
is shown in Table 2-2. 

Samples were packaged with completed request for analysis and chain of custody records in each 
sample cooler and shipped to the appropriate laboratories.  Copies of request for analysis and 
chains of custody records are included in Appendix B. 

The field samples were collected, documented, handled, analyzed, and reported according to the 
Final Work Plan (Shaw, 2004a).  Chemical data were reported via electronic data packages and 
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hard copies by the laboratory.  Selected results were qualified based on the U.S. Environmental 
Protection Agency data validation procedures and practices.  The analytical data and data 
validation reports are presented in the Data Quality Summary Report (Shaw, 2004c). 

2.2.3 Waste Management for Monitoring Well Sampling 
Decontamination wastewater and purge water were generated during the monitoring well 
sampling activities.  The wastewater and purge water were placed in 5-gallon buckets or 55-
gallon containers until transported and emptied into the groundwater treatment plant located at 
LHAAP-18/24. 

2.3 Soil Sampling Activities 
In August 2004, soil borings were advanced using a direct push technology (DPT) rig (Geoprobe 
6610DT).  The soil sampling was conducted at sites LHAAP-32, LHAAP-50, and LHAAP-67, in 
accordance with Addendum 1 to the Final Work Plan (Shaw, 2004b).  Three soil samples were 
collected from each boring location.  One sample was from the surface interval, 0 to 1 feet below 
ground surface (bgs); one sample was collected from a zone with either the most sandy soil 
content or a zone that revealed variability from the other zones; and one sample was collected 
immediately above the water table. 

The DPT method involved the use of a high-capacity hydraulic ram mounted on a remote-
controlled all-terrain vehicle to advance a drive sampler attached to 1-inch inside diameter, steel 
push rods.  Soil samples were collected continuously during drilling using a 1-inch-diameter  
36-inch-long sampler with a disposable liner.  The total depth of each boring was determined 
during drilling activities, based on the occurrence of groundwater.   

During sampling of each boring, Shaw personnel set up a truck tailgate as a sample area and 
covered the tailgate with plastic sheeting.  Field analytical and health and safety instruments 
were properly calibrated prior to the commencement of drilling.  Between each sampling 
interval, personnel donned new disposable sample gloves to prevent cross-contamination.  
Sampling equipment was decontaminated as described in Section 4.5 in the Chemical Data 
Acquisition Plan, Appendix C of the Final Work Plan (Shaw, 2004a).  Drilling operations were 
observed to verify that all proper safety, sampling, and drilling methods were being instituted.  
When the soil sample was received from the driller, the soil-filled sampler was opened and the 
sample liner was removed from the barrel, cut open, and placed on the plastic sheeting.  The 
length of the sample was described according to ASTM D2488-00, “Standard Practice for 
Description and Identification of Soils (Visual-Manual Procedure)” and recorded on the standard 
Drilling Log Form based on the USACE Hazardous, Toxic and Radioactive Waste Drilling Log.  
After determining the appropriate sampling intervals based on the lithology, composite soil 
samples were collected for laboratory analysis.  Each sample container was labeled and enclosed 
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in a sealable plastic bag and placed in a cooler containing ice, as described in Section 4.6.2 of 
Appendix C of the Final Work Plan (Shaw, 2004a).  This process was repeated for each interval 
to the total boring depth.  Drilling activities and sampling procedures were recorded daily on a 
Field Sampling Report or logbook.  Completed chain-of-custody documentation is provided in 
Appendix B. 

The sample field screening was limited to screening of soil samples for total VOCs.  Duplicate 
analyses were performed for volatiles on ten percent of soil samples.  The data was used to make 
decisions regarding sampling intervals. Health and safety screening methods are described in the 
Site Safety and Health Plan, Appendix A of the Final Work Plan (Shaw, 2004a). 

2.3.1 LHAAP-32 Former TNT Treatment Area 
Shaw conducted soil sampling at LHAAP-32 to define the extent of trinitrotoluene (TNT)-
contaminated soil at the former settling pond and to determine the presence or absence of metal 
contamination near the former treatment facility building (Figure 2-1).  The sampling was 
conducted in two separate events.  During the first event, Shaw advanced a total of eight borings 
at the former settling pond and downgradient from the former treatment building location at 
LHAAP-32.  Three borings (32SB14, 32SB15 and 32SB16) were advanced at the base of the 
former settling pond bank perimeter to determine the horizontal extent of potential 
contamination, with one boring (32SB14) located within the deepest part of the settling pond, 
near its center.  Three borings (32SB17 through 32SB19) were located around the settling pond 
boundaries at the top of the pond bank.  During this event, one boring was placed to the southeast 
of the settling pond and converted to a 1-inch-diameter piezometer (temporary well 32TMW01) 
in order to confirm any impact to the groundwater.  Additionally, two borings (32SB20 and 
32SB21) were placed to the north and east of the former treatment facility slab.  During the 
second event, one boring (32SB23) was placed at the location of the former sampling location 
(32SS03) where TNT was detected at a high concentration of 57,000 milligrams per kilogram 
(mg/kg) during a previous investigation.  The purpose of this boring was to confirm the presence 
or absence of TNT contamination at 32SS03.  A second boring was placed at 32SB22 to define 
the lateral extent of potential contamination.  Soil samples were analyzed for TAL metals and 
explosives.  Figure 2-1 illustrates sampling locations.   

2.3.2 LHAAP-50 Former 47,000-Gallon Aboveground Storage Tank Area 
The soil at LHAAP-50 is known to be contaminated with high levels of perchlorate and the 
groundwater is contaminated with perchlorate and VOCs.  Shaw advanced eight soil borings at 
LHAAP-50 in order to better delineate the area of perchlorate contamination at the site and to 
determine if a source of VOCs exists in the site soils.  Three samples were collected from each 
boring and analyzed for perchlorate and VOCs.  Figure 2-2 illustrates boring locations at 
LHAAP-50.   
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2.3.3 LHAAP-67 Former Aboveground Storage Tank Farm Area 
Due to a high concentration (1,800 micrograms per liter [µg/L]) of trichloroethane (TCA) 
detected in a groundwater sample from existing monitoring well 67WW03, soil investigation 
activities at LHAAP-67 were added to the scope of work (Shaw, 2004b).  This included 
advancing one soil boring (67SB04) approximately 3 feet west of monitoring well 67WW03 to 
determine whether the soil is a continuing source of contamination.  Two samples were collected 
from this boring and analyzed for VOCs.  Figure 2-3 shows the boring location at LHAAP-67.   

2.3.4 Survey of Soil Boring Locations 
Sample locations were marked with a stake, and location coordinates were obtained using a 
Global Positioning System (GPS) device, where practical.  Due to heavy vegetation and tree 
cover, some boring locations were positioned by triangulation using existing site references. 
Lateral coordinates are referenced to the U. S. State Plane Coordinate System, Texas North 
Central Zone, North American Datum of 1983. 

2.3.5 Waste Management of Soil Sampling Activities 
Drill cuttings generated during soil boring activities were either backfilled into the borehole or 
placed in 20-cubic-yard roll-off containers.  A separate roll-off container was used for each site.  
Each roll-off was sampled for VOCs, toxicity characteristic leaching procedure for metals, 
reactivity, toxicity, flashpoint, flammability, and pH.  A grab sample was collected for the 
volatile samples; a three-point composite was collected for the remaining analytical suite. 

2.4 Surface Water and Sediment Sampling Activities 
In August 2004, 20 sediment and 11 surface water samples were collected from four on-site 
drainage features: Central Creek, Goose Prairie Creek, Harrison Bayou, and Saunders Branch 
(Figure 2-4).  These samples were collected in an effort to gain further information where data 
gaps previously existed. 

Surface water samples were collected by gently immersing the appropriate laboratory-supplied 
sample containers into the surface water of the drainage feature.  Samples were taken at depths 
no greater than 0.5 feet below the water’s surface.  Once filled, the sample containers were 
placed into ice-packed coolers for shipping.  Samples were evaluated for turbidity, dissolved 
oxygen, pH, conductivity, and temperature using field instrumentation.  This information can be 
found in Appendix C of this report. 

Sediment samples were collected from depositional areas of a stream.  The samples were 
collected using a decontaminated stainless steel shovel from a depth no greater than 0.5 feet bgs 
and placed in clean, laboratory-supplied containers.  The samples were then placed into ice-filled 
coolers for shipping.  The stainless steel shovel was decontaminated between sampling locations 
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by rinsing with detergent solution, potable water, and distilled water.  Sample collection 
documentation was completed for each sample collected. 

All samples were analyzed for metals, explosives, and perchlorate.  At two locations, IWSD-4 
and IWSD-16, samples were analyzed for metals, semivolatile organic compounds, explosives, 
pesticides, herbicides, and polychlorinated biphenyls (PCBs).  Duplicate analyses were 
performed for metals, explosives, and perchlorate at a separate sampling location, IWSD-3. 

2.4.1 Surface Water and Sediment Sampling Activities at Central Creek 
Central Creek originates off the western boundary of LHAAP in two separate segments.  These 
two segments combine immediately west of Avenue P in the Magazine Area.  Central Creek also 
remains substantially in its stream channel for the majority of the area in the plant.  
Approximately 3,000 feet from the facility’s fence line near Caddo Lake, Central Creek becomes 
more sinuous. 

Originally, ten surface water and sediment sample locations were planned within Central Creek; 
however, due to the dry conditions of the creek bed, only five surface water samples were 
collected: IWSW-8, IWSW-9, IWSW-10, IWSW-15, and IWSW-16.  Sediment sampling was 
performed at ten separate locations (IWSD-7 through IWSD-16) along Central Creek 
(Figure 2-4). 

2.4.2 Surface Water and Sediment Sampling Activities at Goose Prairie Creek 
Originating immediately off the northwest corner of LHAAP, the flow of Goose Prairie Creek is 
confined within its embankment for the majority of its traverse across LHAAP.  Goose Prairie 
Creek has two separate channels that flow into Caddo Lake.  One channel proceeds generally 
east-west and the other channel flows generally east-west and then north into Goose Prairie 
Cove. 

Although six surface water and sediment samples were proposed to be obtained from Goose 
Prairie Creek, dry creek bed conditions allowed for only two surface water samples (IWSW-3 
and IWSW-4) to be collected.  Sediment sampling was performed at six separate locations 
(IWSD-1 through IWSD-6) along Goose Prairie Creek (Figure 2-4). 

2.4.3 Surface Water and Sediment Sampling Activities at Harrison Bayou 
Harrison Bayou originates more than 4 miles south of the facility.  With the extensive drainage 
basin south of LHAAP, this stream carries much more water than the other streams on the 
facility.  Approximately 1,400 feet from Caddo Lake, Harrison Bayou maintains a distinct 
sinuous channel that is not obvious during periods of moderate to high flow rates.  Harrison 
Bayou enters Caddo Lake at a blind inlet.  One surface water and sediment sample pair 
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(IWSW-17/IWSD-17) was collected from the watershed of Harrison Bayou.  The sample 
location is approximately 1,500 feet west of the actual channel (Figure 2-4). 

2.4.4 Surface Water and Sediment Sampling Activities at Saunders Branch 
Saunders Branch begins immediately south of the southeast corner of LHAAP.  From the south 
plant boundary to Long Point Road, Saunders Branch flows within a confined ravine.  In the 
vicinity of Long Point Road, beaver dams inhibit the stream's flow and create extensive wetlands 
(Figure 2-4).  From Long Point Road to the north perimeter fence, Saunders Branch flows in a 
less confined channel resulting in a broad stream profile.  Immediately north of the perimeter 
fence, a pronounced channel is present for the remaining distance prior to reaching Caddo Lake.  
Surface water and sediment sampling were performed at three separate locations (IWSD-18 
through IWSD-20) along Saunders Branch (Figure 2-4). 

2.4.5 Survey of Surface Water and Sediment Sampling Locations 
Upon completion of the surface water and sediment sampling efforts, the actual sampling 
locations were surveyed using a GPS device.  Lateral coordinates are referenced to the U. S. 
State Plane Coordinate System, Texas North Central Zone, North American Datum of 1983. 

TERC No. DACA56-94-D-0020, TO No. 0109  Shaw Project No. 845714 
Longhorn Army Ammunition Plant, Karnack, Texas  April 2007 2-9

00044832



Data Gaps Investigation Report

Table 2-1 
Well Installation Summary

Shaw Environmental, Inc.

Site Well Zone Northing Easting
TOC Elevation

(feet msl)
Well Depth
(feet bgs)

Screen 
Length
(feet)

LHAAP-17 17WW15 Intermediate 6952941.24 3315221.44 182.61 54 10
LHAAP-17 17WW16 Deep 6952809.26 3315406.13 181.13 155 10
LHAAP-18/24 18WW21 Intermediate 6954901.27 3317520.17 195.20 60 10
LHAAP-29 29WW34 Intermediate 6956567.58 3307436.94 214.54 87 10
LHAAP-32 32TMW01 Shallow 6957667.19 3306222.41 NA 25 10
LHAAP-35A(58) 35AWW05 Intermediate 6959849.64 3304426.14 221.41 75.5 10
LHAAP-35B(37) 35BWW03 Intermediate 6958034.06 3308089.22 203.56 81 10
LHAAP-47 47WW28 Shallow 6960058.22 3310852.66 194.43 23 10
LHAAP-47 47WW29 Intermediate 6960059.44 3310868.57 194.08 63 10
LHAAP-47 47WW30 Shallow 6961047.19 3310472.4 197.12 23 10
LHAAP-47 47WW31 Intermediate 6961056.05 3310483.73 196.94 55 10
LHAAP-48 48WW01 Intermediate 6959110.51 3314579.82 193.24 55 10
LHAAP-50 50WW06 Intermediate 6957553.93 3309790.22 195.35 58 10
Notes:
bgs        below ground surface
msl        mean sea level
NA        not available
TOC      top of casing
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Table 2-2
Groundwater and Soil Analytical Parameter Summary Table

Shaw Environmental, Inc.

Site Groundwater Analyses Soil Analyses
LHAAP-04 Perchlorate No soil samples were collected
LHAAP-17 Explosives, perchlorate, and TCL VOCs No soil samples were collected
LHAAP-18/24 Perchlorate and TCL VOCs No soil samples were collected
LHAAP-29 Explosives, perchlorate, and TCL VOCs No soil samples were collected
LHAAP-32 Explosives Explosives and TAL metals
LHAAP-35A (58) TCL VOCs No soil samples were collected
LHAAP-35B (37) TCL VOCs No soil samples were collected
LHAAP-35C (53) Dioxins/ furans, TAL metals, perchlorate, and TCL VOCs No soil samples were collected
LHAAP-47 Perchlorate and TCL VOCs No soil samples were collected
LHAAP-48 Dioxins/ furans, perchlorate, and thallium No soil samples were collected
LHAAP-50 Perchlorate and TCL VOCs Perchlorate and TCL VOCs
LHAAP-67 TCL VOCs TCL VOCs

Notes:
TAL        target analyte list
TCL        target compound list
VOCs     volatile organic compounds
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3.0 Investigation Results 

3.1 Groundwater Gradient 
In August and September 2004, Shaw completed water level measurements at sites LHAAP-04, 
LHAAP-17, LHAAP-18/24, LHAAP-29, LHAAP-32, LHAAP-35A(58), LHAAP-35B(37), 
LHAAP-35C(53), LHAAP-47, LHAAP-48, LHAAP-50, LHAAP-67.  A total of 89 wells were 
gauged during this event.  The groundwater level measurements were performed in concurrence 
with the groundwater sampling activities.  Wells were gauged using a water level probe.  The 
water level indicator was decontaminated between measurements of each well.  Proper personal 
protective equipment, including hard hat, safety glasses, steel-toe boots, and rubber nitrile 
gloves, was used during water level measurement. 

There are three identified groundwater-bearing zones at the site: shallow zone, intermediate 
zone, and deep zone.  Based on groundwater elevation data collected during the installation-wide 
groundwater sampling event, the intermediate and shallow groundwater bearing zones may be 
interconnected.  Groundwater elevation was found to be within tenths of a foot at wells that were 
clustered and were screened in separate groundwater-bearing zones.  For example, monitoring 
well 17WW08, screened within the shallow groundwater-bearing zone, has a groundwater 
elevation of 170.44 feet bgs.  Intermediate monitoring well 17WW07, located in close proximity 
to 17WW08, has a groundwater elevation of 170.07 feet bgs.  Likewise, monitoring wells 
47WW30 (shallow) and 47WW31 (intermediate) were measured and have identical groundwater 
elevations of 178.22 feet bgs.  However, these wells were installed within separate groundwater-
bearing zones.  This trend does not appear to be installation-wide.  There is a well-defined 
groundwater elevation difference between the shallow and intermediate groundwater-bearing 
zones at LHAAP-29. 

The following sections discuss groundwater gradients and flow for each site based on the 
measured water levels.  A list of the wells gauged and corresponding water elevations are 
provided in Table 3-1. 

3.1.1 Groundwater Gradient at LHAAP-04 
Water level measurements were taken from three monitoring wells (04WW01, 04WW02, and 
04WW03) at LHAAP-04.  All three monitoring wells were installed within the shallow 
groundwater-bearing zone.  Based on the acquired data, groundwater flow within the shallow 
groundwater-bearing zone in the immediate vicinity of LHAAP-04 is to the southwest 
(Figure 3-1).  There are no intermediate or deep zone wells at the site and thus the groundwater 
gradients for these groundwater-bearing zones at LHAAP-04 have not been established. 
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3.1.2 Groundwater Gradient at LHAAP-17 
Water level measurements were taken from 12 monitoring wells at LHAAP-17.  Six monitoring 
wells (17WW01, 17WW08, 17WW10, 17WW12, 17WW13, and 17WW14) are installed within 
the shallow groundwater-bearing zone.  Four monitoring wells (17WW07, 17WW09, 17WW11, 
and 17WW15) are installed within the intermediate groundwater-bearing zone.  Monitoring wells 
17WW05 and 17WW16 are installed within the deep groundwater-bearing zone. 

Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-17 is to the northwest and northeast toward Caddo Lake (Figure 3-2).  Previous reports 
(Jacobs, 2001) also indicated that the shallow groundwater flows to the northwest.  Groundwater 
flow within the intermediate groundwater-bearing zone is to the north and northwest 
(Figure 3-3).  The groundwater elevation differences between the shallow and intermediate 
zones vary from 0.23 feet to 0.38 feet, indicating a slight downward vertical gradient.  Due to 
insufficient data, a potentiometric surface map for the deep groundwater-bearing zone was not 
generated for LHAAP-17.  However, an installation-wide potentiometric map for the deep 
groundwater-bearing zone has been generated, as discussed in Section 3.1.13. 

3.1.3 Groundwater Gradient at LHAAP-18/24 
A water level measurement was taken from one well, 18WW01, installed within the shallow 
groundwater-bearing zone at LHAAP-18/24, because this was the only well sampled during the 
current investigation.  The groundwater elevation within this well is 169.14 feet above mean sea 
level.  No groundwater gradients maps were generated for LHAAP-18/24. 

3.1.4 Groundwater Gradient at LHAAP-29 
Water level measurements were taken from 20 monitoring wells at LHAAP-29.  Thirteen 
monitoring wells (29WW02, 29WW03, 29WW05, 29WW07, 29WW11, 29WW12, 29WW15, 
29WW20, 29WW22, and 29WW23) are installed within the shallow groundwater-bearing zone.  
Five monitoring wells (29WW13, 29WW14, 29WW16, 29WW21, 29WW24, 29WW28, 
29WW33, and 29WW34) are installed within the intermediate groundwater-bearing zone.  
Monitoring wells 29WW04 and 29WW08 are installed within the deep groundwater-bearing 
zone. 

Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-29 is to the southeast (Figure 3-4).  Groundwater flow within the intermediate 
groundwater-bearing zone is to the north and northeast (Figure 3-5).  Due to insufficient data, no 
groundwater gradient map for the deep groundwater-bearing zone was generated for LHAAP-29.  
An installation-wide groundwater gradient map for the deep groundwater-bearing zone is 
discussed in Section 3.1.13. 
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3.1.5 Groundwater Gradient at LHAAP-35A(58) 
Water level measurements were taken from ten monitoring wells at LHAAP-35A(58).  Seven 
monitoring wells (35AWW03, 35AWW04, LHSMW01, and LHSMW04 through LHSMW07) 
are installed within the shallow groundwater-bearing zone.  Two monitoring wells (35AWW01 
and 35AWW05) are installed within the intermediate groundwater-bearing zone.  Monitoring 
well 35AWW02 is installed within the deep groundwater-bearing zone. 

Based on the acquired data, the local groundwater flow within the shallow groundwater-bearing 
zone at LHAAP-35A(58) is to the northeast and southwest (Figure 3-6).  In the installation-wide 
groundwater elevation map (Figure 3-13), the regional groundwater flow at LHAAP-35A(58) is 
shown to the southeast.  Due to insufficient data, no groundwater gradient maps for the 
intermediate and deep groundwater-bearing zones at LHAAP-35A were generated.  An 
installation-wide groundwater gradient map for the deep groundwater-bearing zone is discussed 
in Section 3.1.13. 

3.1.6 Groundwater Gradient at LHAAP-35B(37) 
Water level measurements were taken from five monitoring wells at LHAAP-35B(37).  Three 
monitoring wells (35BWW01, 35BWW02, and LHSMW58) are installed within the shallow 
groundwater-bearing zone.  Monitoring well 35BWW02 was dry.  Two monitoring wells 
(35BWW03 and LHSMW59) were installed within the intermediate groundwater-bearing zone.  
No monitoring wells were installed within the deep groundwater-bearing zone.  Due to 
insufficient data, groundwater gradient maps for the shallow, intermediate, and deep 
groundwater-bearing zones at LHAAP-35B(37) were not generated. 

3.1.7 Groundwater Gradient at LHAAP-35C(53) 
Water level measurements were taken from seven monitoring wells at LHAAP-35C(53).  Six 
monitoring wells (106, 107, LHSMW67, LHSMW68, LHSMW70, and LHSMW71) are installed 
within the shallow groundwater-bearing zone.  Monitoring well LHSMW69 is installed within 
the intermediate groundwater-bearing zone.  No monitoring wells are installed within the deep 
groundwater-bearing zone at LHAAP-35C(53). 

Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-35C is generally to the southeast (Figure 3-7).  Due to insufficient data, no groundwater 
gradient maps have been generated for the intermediate and deep groundwater-bearing zones at 
LHAAP-35C(53). 

3.1.8 Groundwater Gradient at LHAAP-47 
Water level measurements were taken from ten monitoring wells at LHAAP-47.  Four 
monitoring wells (47WW05, 47WW13, 47WW28, and 47WW30) are installed within the 
shallow groundwater-bearing zone.  Four monitoring wells (47WW06, 47WW14, 47WW29, and 
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47WW31) are installed within the intermediate groundwater-bearing zone.  Monitoring wells 
47WW07 and 47WW15 are installed within the deep groundwater-bearing zone. 

Based on the acquired data, groundwater flow within the shallow and intermediate groundwater-
bearing zones at LHAAP-47 is to the northeast (Figures 3-8 and 3-9).  Near the center of the 
site, the elevation difference between wells 47WW13 (shallow) and 47WW14 (intermediate) is 
approximately 3 feet, indicating a strong downward vertical gradient.  The vertical gradient, 
however, is not observed in other areas of the site.  Due to insufficient data, a groundwater 
potentiometric map for the deep groundwater-bearing zone was not generated.  An installation-
wide groundwater gradient map for the deep groundwater-bearing zone is discussed in 
Section 3.1.13. 

3.1.9 Groundwater Gradient at LHAAP-48 
Water level measurements were taken from six monitoring wells at LHAAP-48.  Five monitoring 
wells (LHSMW62, LHSMW63, LHSMW64, LHSMW65, and LHSMW66) are installed within 
the shallow groundwater-bearing zone.  Well 48WW01 is installed within the intermediate 
groundwater-bearing zone.  No wells have been installed within the deep groundwater-bearing 
zone. 

Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-48 is to the south and southeast (Figure 3-10).  Due to insufficient data, no groundwater 
gradient maps for the intermediate and deep groundwater-bearing zones were generated. 

3.1.10 Groundwater Gradient at LHAAP-50 
Water level measurements were taken from five monitoring wells at LHAAP-50.  Four 
monitoring wells (50WW01 through 50WW04) are installed within the shallow groundwater-
bearing zone.  Well 50WW06 is installed within the intermediate groundwater-bearing zone.  No 
wells installed within the deep groundwater-bearing zone were gauged. 

Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-50 is to the north and northeast (Figure 3-11).  Due to insufficient data, no groundwater 
gradient maps for the intermediate and deep groundwater-bearing zones were generated. 

3.1.11 Groundwater Gradient at LHAAP-67 
Water level measurements were taken from seven monitoring wells at LHAAP-67.  Six 
monitoring wells (67WW01 through 67WW05, and 67WW07) are installed within the shallow 
groundwater-bearing zone.  Well 67WW06 is installed within the intermediate groundwater-
bearing zone.  Wells installed within the deep groundwater-bearing zone were not gauged. 
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Based on the acquired data, groundwater flow within the shallow groundwater-bearing zone at 
LHAAP-67 is to the east-southeast (Figure 3-12).  Due to insufficient data, no groundwater 
gradient maps for the intermediate and deep groundwater-bearing zones were generated at 
LHAAP-67. 

3.1.12 Installation-Wide Shallow Zone Groundwater Gradient  
Based on the acquired data from the water level measurements taken from the shallow 
groundwater-bearing zone, groundwater flow within the shallow groundwater-bearing zone at 
the LHAAP is probably to the east and northeast toward Caddo Lake (Figure 3-13).  Due to an 
insufficient number of data points the groundwater gradient for this zone is an approximation. 

3.1.13 Installation-Wide Deep Zone Groundwater Gradient  
Water level measurements were taken from six monitoring wells within the deep groundwater-
bearing zone at the LHAAP.  Based on the acquired data, groundwater flow within the deep 
groundwater-bearing zone at the LHAAP is probably to the east and northeast, toward Caddo 
Lake (Figure 3-14).  Due to an insufficient number of few data points, the groundwater gradient 
for this zone is an approximation. 

3.2 Groundwater Sampling Results 
This section discusses analytical results from the groundwater sampling activities performed in 
August and September 2004.  Analytical parameters include explosives, perchlorate, metals, 
dioxins/furans, and VOCs; however, not every sample was analyzed for each analyte.  Although 
90 wells were planned for this sampling event, only 85 wells were sampled because five wells 
were either dry or had little water with an extremely low recharge rate.  Groundwater sampling 
procedures are described in Section 2.2 of this report.  Proper personal protective equipment 
including hard hat, safety glasses, steel-toe boots, and rubber nitrile gloves were worn during 
sampling activities. 

3.2.1 Groundwater Sampling Results at LHAAP-04 
Groundwater samples were collected from three monitoring wells at LHAAP-04 and analyzed 
for perchlorate.  No perchlorate was detected in any of the wells. 

3.2.2 Groundwater Sampling Results at LHAAP-17 
Groundwater samples were collected from 12 monitoring wells at LHAAP-17 and analyzed for 
explosives, perchlorate, and VOCs.  Results are presented in Table 3-2.  Figure 3-15 illustrates 
perchlorate and trichloroethene (TCE) results for the shallow wells. 

Perchlorate was detected at concentrations of 840,000J µg/L, 1,200 µg/L, and 2,000 µg/L in 
monitoring wells, 17WW01, 17WW05, and 17WW10, respectively.  Monitoring well 17WW01 
is screened within the shallow groundwater-bearing zone and is located near the central portion 
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of LHAAP-17.  Monitoring well 17WW05 is screened within the deep groundwater-bearing 
zone and is located west of LHAAP-17 (Figure 3-15).  Monitoring well 17WW10 is screened 
within the shallow groundwater-bearing zone and is located northwest of LHAAP-17 
(Figure 3-15).  A perchlorate concentration of 7 µg/L was also detected in shallow monitoring 
well 17WW12, located north of LHAAP-17. 

Nine VOCs, 1,1,2-TCA, 1,1-dichloroethane (DCA), 1,1-dichloroethene (DCE), 1,2-DCA, 
benzene, chloroform, cis-1,2-DCE, trans-1,2-DCE, and TCE were detected within monitoring 
well 17WW01.  At this well TCE was detected at a concentration of 7,000 µg/L.  TCE 
concentrations in all other shallow wells were non-detect. 

Two new wells, 17WW15 (intermediate) and 17WW16 (deep), were installed during the Data 
Gaps Investigation.  One explosive, p-nitrotoluene, was detected at an estimated concentration of 
0.25 µg/L at deep monitoring well 17WW16, which is located northwest of LHAAP-17.  No 
contaminants were detected within intermediate monitoring well 17WW15. 

3.2.3 Groundwater Sampling Results at LHAAP-18/24 
A groundwater sample was collected from one monitoring well (18WW21) at LHAAP-18/24 and 
analyzed for perchlorate and VOCs.  Perchlorate was not detected in this sample; however, two 
VOCs, 2-butanone and carbon disulfide, were detected at concentrations of 8 µg/L and 2J µg/L, 
respectively (Table 3-3).  The well 18WW21, installed as part of this investigation, is located 
northeast of LHAAP-18, and is screened within the intermediate groundwater-bearing zone. 

3.2.4 Groundwater Sampling Results at LHAAP-29 
Groundwater samples were collected from 20 monitoring wells at LHAAP-29 and analyzed for 
explosives, perchlorate, and VOCs.  The results are presented in Table 3-4.  Perchlorate was 
detected at an elevated concentration of 24,000 µg/L in monitoring well 29WW15.  Monitoring 
well 29WW15 is screened within the shallow groundwater-bearing zone and is located on the 
central portion of LHAAP-29.  Perchlorate was also detected in shallow monitoring wells 
29WW05, 29WW22, and 29WW23 at concentrations of 42 µg/L, 4 µg/L, and 2.6 µg/L, 
respectively.  Perchlorate results for the shallow wells and the extent of the plume are shown in 
Figure 3-16.  Additionally, perchlorate was detected in the intermediate well 29WW33 at a 
concentration of 3.7 µg/L and at deep well 29WW04 at a concentration of 12 µg/L. 

Sixteen VOCs were detected within the groundwater at LHAAP-29.  1,2-DCA was detected at an 
elevated concentration of 6,400 µg/L at shallow monitoring well 29WW15 (Figure 3-16).  
Additionally, methylene chloride was detected at a high concentration of 7,300,000 µg/L at 
intermediate monitoring well 29WW16, located on the central portion of LHAAP-29.  Other 
VOCs were not detected in the sample from monitoring well 29WW16; however, the laboratory 
reporting limit was high (200,000 µg/L) due to dilution.  Therefore, other VOCs may be present 
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in the groundwater at 29WW16, but were not detected due to the high reporting limit caused by 
dilution.  Figure 3-16 illustrates the results and extent of the plume for 1,2-DCA and methylene 
chloride within the shallow groundwater-bearing zone at LHAAP-29. 

One monitoring well, 29WW34, was installed during the Data Gaps Investigation.  No 
contaminants were detected within the monitoring well, which was screened within the 
intermediate groundwater-bearing zone. 

Six explosives, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, 
m-nitrotoluene, o-nitrotoluene, and p-nitrotoluene were detected at concentrations ranging from 
15J µg/L to 400J µg/L in the sample from monitoring well 29WW05, located along the northeast 
boundary of LHAAP-29 (Figure 3-17).  Monitoring well 29WW05 is screened within the 
shallow groundwater-bearing zone.  O-Nitrotoluene was detected at a concentration of 
3,100 µg/L within this well.  Concentrations of explosives ranging from 0.21 µg/L to 290 µg/L 
were also detected in monitoring wells 29WW03 and 29WW20. 

3.2.5 Groundwater Sampling Results at LHAAP-32 
Groundwater samples were collected from three monitoring wells at LHAAP-32 and analyzed 
for explosives.  No explosives were detected in any of the samples.  The temporary well, 
32TMW01 did not generate a sufficient amount of groundwater, therefore samples were not 
collected from this well. 

3.2.6 Groundwater Sampling Results at LHAAP-35A(58) 
Groundwater samples were collected and analyzed for VOCs from ten monitoring wells at 
LHAAP-35A(58).  Detected constituents are summarized in Table 3-5.  Tetrachloroethene and 
TCE were detected at concentrations of 5,100 µg/L and 230 µg/L, respectively in shallow 
monitoring well LHSMW-05, located in the central portion of LHAAP-35A(58).  Methylene 
chloride was detected at a low concentration at deep monitoring well 35AWW02, located in the 
central portion of LHAAP-35A(58).  Methylene chloride is a common laboratory contaminant. 

One monitoring well, 35AWW05, was installed within the intermediate groundwater-bearing 
zone during the current investigation. No contaminants were detected in the sample from this 
monitoring well. 

No contaminant concentration maps were generated for this site because all detections were in a 
single well (LHSM05).  Well locations are shown on Figure 3-6. 

3.2.7 Groundwater Sampling Results at LHAAP-35B(37) 
Groundwater samples were collected from four monitoring wells at LHAAP-35B(37).  Detected 
constituents are summarized in Table 3-6.  Five VOCs were detected within the groundwater at 
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the site.  TCE was detected at a concentration of 33 µg/L in the sample from shallow monitoring 
well LHSMW58, located northeast of the site.  Estimated concentrations of 1,1-DCE and 
chlorobenzene were also detected.  Additionally, TCE was detected at a concentration of 
180 µg/L in the sample from intermediate monitoring well LHSMW59, located northwest of the 
site.  Tetrachloroethene was detected from wells LHSMW-58 and LHSMW-59 at concentrations 
of 20 µg/L and 3J µg/L, respectively. 

One monitoring well, 35BWW03, was installed within the intermediate groundwater-bearing 
zone during the current investigation.  No contaminants except for carbon disulfide at 8 µg/L 
were detected within the monitoring well. 

3.2.8 Groundwater Sampling Results at LHAAP-35C(53) 
Groundwater samples were collected from all seven monitoring wells at LHAAP-35C(53) and 
analyzed for dioxins/furans, perchlorate, VOCs, and metals.  No VOCs or perchlorate were 
detected at LHAAP-35C(53).  Detected constituents are summarized in Table 3-7.  Six 
dioxins/furans were detected at concentrations ranging from 0.934 picograms per liter (pg/L) to 
67.19 pg/L at shallow monitoring well LHSMW67, located on the northern portion of 
LHAAP-35C(53). 

Filtered and unfiltered samples for metals were also collected at LHAAP-35C(53).  Barium, 
calcium, chromium, cobalt, iron, magnesium, manganese, mercury, nickel, potassium, sodium, 
and thallium were detected within both filtered and unfiltered samples from shallow monitoring 
well LHSMW-71.  In addition, aluminum, antimony, copper, and silver were also detected 
within unfiltered samples from monitoring well LHSMW-71, located northeast of 
LHAAP-35C(53).  Previous samples from well LHSMW-71 showed elevated concentrations of 
thallium and chromium.  Thallium was detected at concentrations of 0.276 µg/L and 0.224 µg/L 
in unfiltered and filtered samples, respectively.  Chromium was detected at a concentration of 
83,300 µg/L in the unfiltered sample from LHSMW71.  However, the concentration in the 
filtered sample was much lower at 16J µg/L, indicating that chromium may be attached to 
particulates. 

3.2.9 Groundwater Sampling Results at LHAAP-47 
Groundwater samples were collected from 10 monitoring wells at LHAAP-47 and analyzed for 
perchlorate and VOCs.  Detected constituents are summarized in Table 3-8.  No perchlorate was 
detected in the wells that were sampled at LHAAP-47.  Five VOCs, 1,1-DCE, cis-1,2-DCE, 
trans-1,2-DCE, TCE, and vinyl chloride, were detected within the groundwater at LHAAP-47.  
Monitoring wells 47WW05 (shallow), 47WW13 (shallow), 47WW14 (intermediate), and 
47WW30 (shallow) were identified as containing VOCs within the groundwater (Figure 3-18).  
TCE was detected at a concentration of 3,200 µg/L at shallow monitoring well 47WW05.  
Monitoring wells 47WW13 and 47WW14 are part of a well cluster consisting of three 
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monitoring wells located in the central portion of LHAAP-47.  Monitoring wells 47WW13 and 
47WW14 are screened within the shallow and intermediate groundwater-bearing zone, 
respectively.  Samples from these wells contained high concentrations of multiple VOCs.  
Shallow monitoring well 47WW13 contained TCE and cis-1,2-DCE at concentrations of 
720 µg/L and 1,600 µg/L, respectively.  The concentrations of these two chemicals in the 
intermediate well 47WW14 were 280 µg/L and 120 µg/L, respectively. 

Four monitoring wells were installed during the current investigation at LHAAP-47.  Two 
monitoring wells, 47WW28 and 47WW30 were installed within the shallow groundwater-
bearing zone.  In addition, two monitoring wells, 47WW29 and 47WW31 were installed within 
the intermediate groundwater-bearing zone.  TCE was detected at a concentration of 1,100 µg/L 
within the shallow monitoring well 47WW30.  No contaminants were detected within any other 
monitoring well installed during the Data Gaps Investigation.  The extent of contamination for 
TCE, cis-1,2-DCE and vinyl chloride is shown in Figure 3-18. 

3.2.10 Groundwater Sampling Results at LHAAP-48 
Groundwater samples were collected from three monitoring wells at LHAAP-48 and analyzed 
for dioxins/furans, perchlorate, and thallium.  Detected constituents are summarized in 
Table 3-9.  Perchlorate was not detected at LHAAP-48.  A total of 13 dioxins/furans were 
detected in the groundwater at LHAAP-48.  Shallow monitoring well LHSMW62, located in the 
central portion of LHAAP-48, and shallow monitoring well LHSMW64, located in the eastern 
portion of LHAAP-48, had dioxins/furans concentrations ranging from 0.153JK pg/L to 
35.034 pg/L.  Thallium was also detected at concentrations ranging between 0.142 µg/L and 
0.465 µg/L.    Monitoring wells LHSMW63, LHSMW65, and LHSMW66 were not sampled due 
to dry well conditions.   

One monitoring well, 48WW01 was installed during the current investigation at LHAAP-48 and 
is screened within the intermediate groundwater-bearing zone.  Dioxins/furans were detected at 
estimated concentrations ranging between 2.178J pg/L and 36.101 pg/L. 

Although the turbidity of groundwater samples was quite low (10 to 20 nephelometric turbidity 
units [NTUs]), dioxin and thallium detections may still be related to slightly elevated turbidity of 
the samples.  However, the samples were not analyzed for the TAL metals.  Thus, aluminum and 
iron data are not available for these samples to evaluate the influence of turbidity on the sample 
results. 

3.2.11 Groundwater Sampling Results at LHAAP-50 
Groundwater samples were collected from five monitoring wells at LHAAP-50 and analyzed for 
perchlorate and VOCs.  Detected constituents are summarized in Table 3-10.  Perchlorate was 
detected at a concentration of 2,500 µg/L in the shallow monitoring well 50WW02, located in 
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the eastern portion of LHAAP-50.  Except for monitoring well 50WW02 and 50WW06, 
perchlorate was not detected in any other groundwater samples collected from LHAAP-50. 

Twelve VOCs were also detected in the groundwater at LHAAP-50.  TCE was detected at a 
concentration of 9,200 µg/L at monitoring well 50WW02.  Additionally, cis-1,2-DCE was 
detected at a concentration of 1,800 µg/L at monitoring well 50WW02. 

Monitoring well, 50WW06, was installed during the current investigation at LHAAP-50 and is 
screened in the intermediate groundwater-bearing zone.  Perchlorate and TCE were detected at 
concentrations of 6.7 µg/L and 15 µg/L, respectively. 

3.2.12 Groundwater Sampling Results at LHAAP-67 
Groundwater samples were collected from seven monitoring wells at LHAAP-67 and analyzed 
for VOCs.  Detected constituents are summarized in Table 3-11.  1,1-DCE was detected at a 
concentration of 280 µg/L in monitoring well 67WW01, located in the central portion of 
LHAAP-67.  Monitoring well 67WW01 is screened within the shallow groundwater-bearing 
zone.  Low estimated concentrations, in the range 1J-2J µg/L, of other VOCs were detected at 
67WW04, 67WW05, and 67WW07 (Table 3-11). 

3.3 Soil Sampling Results 
This section discusses analytical results from the soil sampling activities performed in August 
and September 2004.  Explosives, perchlorate, metals, and VOCs were all analyzed during the 
soil sampling event.  A total of 19 borings were advanced using direct-push techniques. 

3.3.1 Soil Sampling Results at LHAAP-32 
Soil samples were collected from ten soil borings at LHAAP-32 and analyzed for explosives and 
metals.  Detected constituents are summarized in Table 3-12.  Three explosives, 2,4,6-TNT, 2,4-
dinitrotoluene, and 2-amino-2,6-dinitrotoluene were detected in the soil at LHAAP-32.  2,4,6-
TNT was detected at an estimated concentration of 46J mg/kg at the surface soil sample (0-1 feet 
bgs) at 32SB22.  A concentration of 2.6 µg/L of 2-amino-2,6-dinitrotoluene was also detected at 
the surface of 32SB22.  Additionally, a concentration of 0.2 mg/kg of 2,4-dinitrotoluene was 
detected within the subsurface, 5 to 6 feet bgs, at 32SB22.  No other explosives were detected in 
the soil at LHAAP-32. 

Several metals were detected in soil samples from LHAAP-32; however, the most notable is 
detection of lead at a concentration of 1,630 mg/kg in the 3 to 6 foot bgs sample from boring 
32SB20.  This boring is located near the southeast corner of the former treatment building.  
Figure 3-19 shows boring locations and the associated detected concentrations of TNT. 
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3.3.2 Soil Sampling Results at LHAAP-50 
Soil samples were collected from eight soil borings at LHAAP-50.  Soil was analyzed for 
perchlorate and VOCs.  Detected constituents are summarized in Table 3-13.  Perchlorate was 
detected at a concentration of 25 µg/kg in the surface soil sample from 50SB10.  Additionally, 
concentrations of 740 mg/kg and 2,600 mg/kg at depths of 6 to 9 feet bgs and 9 to 11 feet bgs 
(just above the water table), respectively, were detected in soil collected from 50SB17.  Three 
VOCs, acetone, methylene chloride, and naphthalene were also detected within the soil at 
LHAAP-50.  Of these, acetone and methylene chloride are known to be a laboratory 
contaminants.  Figure 3-20 shows boring locations and the associated detected concentrations of 
perchlorate and TCE. 

3.3.3 Soil Sampling Results at LHAAP-67 
Soil samples were collected from one soil boring at LHAAP-67 and were analyzed for VOCs 
only.  Detected constituents are summarized in Table 3-14.  Methylene chloride at a 
concentration of 0.002 BJ mg/kg was the only contaminant detected at the 2 to 3 foot interval 
and 5 to 6 foot interval.  This constituent is known to be a laboratory contaminant. 

3.4 Sediment and Surface Water Sampling Results 
This section discusses analytical results from the sediment and surface water sampling activities 
performed in September 2004.  The samples were analyzed for metals, PCBs, dioxins/furans, and 
pesticides.  A total of 20 sediment and 11 surface water samples were collected during this event. 
Detected chemicals and corresponding concentrations are presented in Tables 3-15 and 3-16.  
Sample locations are shown in Figure 2-4. 

Sediment and surface water samples for PCBs were collected from two locations: IWSD/SW-04 
and IWSD/SW-15.  Aroclor 1260 was detected at a concentration of 0.062 mg/kg in the sediment 
sample from IWSD-04, located within the northern portion of the Goose Prairie Creek 
watershed.  There were no PCBs detected in the other sediment or surface water samples 
collected during these activities. 

Twenty-two different metals were detected within the sediment samples collected during this 
sampling event.  Additionally, 18 metals were detected in the surface water samples collected. 

Sediment and surface water samples for dioxins/furans were also collected from only two 
locations, IWSD-04 and IWSD-15.  Twenty-three dioxins/furans were detected in sediment 
samples collected from the four separate watersheds.  An estimated concentration of 5,960.13 J  
nanograms per kilograms (ng/kg) of octachlorodibenzo-p-dioxin was detected at IWSD-04 
(Table 3-15).  An estimated concentration of 2,866.47 J ng/kg of octachlorodibenzo-p-dioxin 
was also detected at IWSD-15. 
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Nine dioxins/furans were also detected within surface water samples collected from IWSW-04 
and IWSW-15.  An estimated concentration of 5,960.13 J ng/kg of octachlorodibenzo-p-dioxin 
was detected at IWSW-04 (Table 3-16).  Additionally, an estimated concentration of 
1,937.23 J ng/kg of octachlorodibenzo-p-dioxin was detected at IWSW-15.  No perchlorate or 
explosives were detected above the laboratory detection limit in the sediment and surface water 
samples collected. 

Sediment and surface water samples from IWSD/SW-04 and IWSD/SW-15 were analyzed for 
pesticides.  Methoxychlor, detected at a concentration of 0.081 mg/kg, was the only constituent 
detected within the sediment from either location.  No pesticides were detected within the 
surface water. 
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Table 3-1 
Groundwater Elevations 
August - September 2004

Shaw Environmental, Inc.

Well ID Zone

TOC 
Elevation
(feet msl)

Top of Pad 
Elevation
(feet msl)

Depth to Water 
Aug-Sep 2004

(feet)

Groundwater 
Elevations 

Aug-Sep 2004
(feet)

Monitoring Well 
Screen Interval

(feet bgs)
Sampling 

Date

04WW01 shallow 212.51 208.78 9.61 202.90 12-22 9/9/2004
04WW02 shallow 216.70 212.80 9.14 207.56 14-24 9/9/2004
04WW03 shallow 215.93 212.38 13.53 202.40 15-25 9/9/2004

17WW01 shallow 179.01 176.62 9.07 169.94 10.8-30.8 9/7/2004
17WW05 deep 182.73 178.80 11.57 171.16 142-152 9/7/2004
17WW07 intermediate 179.68 176.78 9.61 170.07 42-52 9/3/2004
17WW08 shallow 179.94 176.76 9.50 170.44 21-31 9/3/2004
17WW09 intermediate 181.43 178.40 11.60 169.83 41-51 9/2/2004
17WW10 shallow 181.55 178.38 11.34 170.21 20.5-30.5 9/2/2004
17WW11 intermediate 180.95 177.51 11.30 169.65 36-46 9/3/2004
17WW12 shallow 180.32 177.04 10.44 169.88 5-15 9/3/2004
17WW13 shallow 179.14 175.90 9.10 170.04 21.5-31.5 9/2/2004
17WW14 shallow 181.90 178.83 11.60 170.30 13-23 9/3/2004
17WW15 intermediate 182.61 180.33 13.03 169.58 43-53 9/2/2004
17WW16 deep 181.13 178.99 11.50 169.63 141-151 9/14/2004

18WW21 intermediate 195.20 192.60 26.06 169.14 48-58 9/3/2004

29WW02 shallow 235.77 232.58 33.16 202.61 30-40 8/31/2004
29WW03 shallow 237.79 234.83 25.77 212.02 17-27 8/30/2004
29WW04 deep 236.88 234.76 47.23 189.65 145-155 8/29/2004
29WW05 shallow 208.95 206.01 17.45 191.50 12-22 8/26/2004
29WW07 shallow 212.24 209.06 23.60 188.64 27-37 8/25/2004
29WW08 deep 212.32 209.87 33.32 179.00 130-140 8/25/2004
29WW11 shallow 205.68 202.68 22.24 183.44 17-27 8/24/2004
29WW12 shallow 223.27 220.22 26.89 196.38 19-29 8/27/2004
29WW13 intermediate 222.92 220.28 33.56 189.36 47-57 8/26/2004
29WW14 intermediate 220.31 217.23 29.69 190.62 75-85 8/24/2004
29WW15 shallow 232.98 229.69 28.27 204.71 20-30 8/26/2004
29WW16 intermediate 231.53 228.92 41.50 190.03 78-88 8/25/2004
29WW20 shallow 235.70 232.40 27.28 208.42 19.6-29.6 8/27/2004
29WW21 intermediate 235.17 232.73 45.20 189.97 65-75 8/30/2004
29WW22 shallow 236.10 233.04 27.05 209.05 22.6-32.6 8/27/2004
29WW23 shallow 226.63 223.29 25.43 201.20 25-35 8/26/2004
29WW24 intermediate 226.14 223.18 32.55 193.59 60-70 8/29/2004
29WW28 intermediate 235.38 232.36 41.75 193.63 66-76 8/26/2004
29WW33 intermediate 237.67 234.30 25.92 211.75 30-40 8/29/2004
29WW34 intermediate 214.54 211.87 24.98 189.56 73.6-83.6 8/26/2004

32WW01 shallow 219.84 216.46 35.66 184.18 37-47 8/31/2004
32WW02 shallow 216.31 213.19 33.38 182.93 35-45 9/1/2004
113 shallow 215.03 212.47 22.04 192.99  -- a 9/1/2004
Notes provided on last page

LHAAP-04

LHAAP-17

LHAAP-18/24

LHAAP-29

LHAAP-32
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Table 3-1 
Groundwater Elevations 
August - September 2004

Shaw Environmental, Inc.

Well ID Zone

TOC 
Elevation
(feet msl)

Top of Pad 
Elevation
(feet msl)

Depth to Water 
Aug-Sep 2004

(feet)

Groundwater 
Elevations 

Aug-Sep 2004
(feet)

Monitoring Well 
Screen Interval

(feet bgs)
Sampling 

Date

35AWW01 intermediate 218.03 214.96 34.90 183.13 60-70 9/9/2004
35AWW02 deep 218.05 215.06 42.07 175.98 126-136 9/10/2004
35AWW03 shallow 219.66 216.73 18.60 201.06 9-19 9/8/2004
35AWW04 shallow 220.66 217.15 21.88 198.78 13-23 9/8/2004
35AWW05 shallow 221.41 219.01 38.15 183.26 60-70 9/8/2004
LHSMW01 shallow 214.43 211.19 8.16 206.27 4.5-14.5 9/9/2004
LHSMW04 shallow 216.95 214.04 20.98 195.97 18.2-28.2 9/9/2004
LHSMW05 shallow 217.59 215.17 20.41 197.18 11.9-21.9 9/9/2004
LHSMW06 shallow 223.18 219.86 16.48 206.70 10-20 9/8/2004
LHSMW07 shallow 221.27 218.54 16.80 204.47 17-27 9/8/2004

35BWW01 shallow 202.88 200.24 12.90 189.98 9-19 NSC
35BWW02 shallow 203.95 201.06 Dry Dry 9-14 no sample 
35BWW03 intermediate 203.56 201.34 21.68 181.88 70-80 9/10/2004
LHSMW58 shallow 203.56 200.20 17.25 186.31 21.4-31.4 9/10/2004
LHSMW59 intermediate 204.18 201.07 17.89 186.29 27.5-47.5 9/10/2004

106 shallow 179.05 175.65 12.82 166.23 13-23 9/14/2004
107 shallow 178.32 175.73 10.22 168.10 4.5-19.5 9/15/2004
LHSMW67 shallow 185.57 182.64 17.11 168.46 9.4-19.4 9/15/2004
LHSMW68 shallow 189.65 186.69 20.71 168.94 11-21 9/14/2004
LHSMW69 intermediate 183.27 180.16 15.22 168.05 27.9-47.9 9/15/2004
LHSMW70 shallow 183.62 180.54 14.79 168.83 11-21 9/14/2004
LHSMW71 shallow 183.73 181.00 16.23 167.50 5.9-15.9 9/14/2004

47WW05 shallow 198.55 195.79 18.22 180.33 9-19 9/1/2004
47WW06 intermediate 199.02 195.79 18.70 180.32 30-40 9/1/2004
47WW07 deep 199.24 195.94 19.30 179.94 73-83 9/1/2004
47WW13 shallow 204.97 202.02 16.91 188.06 8-18 9/2/2004
47WW14 intermediate 205.00 202.22 19.98 185.02 39-49 9/2/2004
47WW15 deep 205.17 202.28 23.63 181.54 78-88 9/2/2004
47WW28 shallow 194.43 191.98 15.87 178.56 12-22 9/1/2004
47WW29 intermediate 194.08 191.56 14.53 179.55 52.5-62.5 9/1/2004
47WW30 shallow 197.12 194.61 18.90 178.22 12.5-22.5 9/1/2004
47WW31 intermediate 196.94 194.57 18.72 178.22 42.5 9/2/2004

48WW01 intermediate 193.24 190.81 22.32 170.92 42.5-52.5 9/13/2004
LHSMW62 shallow 192.20 189.06 20.91 171.29 15.7-25.7 9/13/2004
LHSMW63 shallow 194.06 191.01 21.60 172.46 8.5-18.5 NSC
LHSMW64 shallow 191.42 188.23 21.33 170.09 14.1-24.1 9/13/2004
LHSMW65 shallow 194.31 191.80 19.93 174.38 6.8-16.8 NSC
LHSMW66 shallow 195.11 192.23 19.97 175.14 6.9-16.9 NSC
Notes provided on last page

LHAAP-35A (58)

LHAAP-35B (37)

LHAAP-35C (53)

LHAAP-47

LHAAP-48
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Table 3-1 
Groundwater Elevations 
August - September 2004

Shaw Environmental, Inc.

Well ID Zone

TOC 
Elevation
(feet msl)

Top of Pad 
Elevation
(feet msl)

Depth to Water 
Aug-Sep 2004

(feet)

Groundwater 
Elevations 

Aug-Sep 2004
(feet)

Monitoring Well 
Screen Interval

(feet bgs)
Sampling 

Date

50WW01 shallow 198.50 195.29 14.31 184.19 10-20 8/31/2004
50WW02 shallow 200.74 197.40 16.80 183.94 9-19 8/30/2004
50WW03 shallow 202.94 199.88 17.74 185.20 10-20 8/30/2004
50WW04 shallow 204.51 201.64 20.25 184.26 10-20 8/31/2004
50WW06 intermediate 195.35 192.99 11.88 183.47 45.4-55.4 8/30/2004

67WW01 shallow 200.89 198.21 21.16 179.73 14-24 9/12/2004
67WW02 shallow 199.79 196.73 19.71 180.08 13-23 9/12/2004
67WW03 shallow 200.19 197.30 20.42 179.77 14-24 9/12/2004
67WW04 shallow 203.76 200.05 24.09 179.67 11-21 9/12/2004
67WW05 shallow 201.00 197.48 20.24 180.76 16-26 9/12/2004
67WW06 intermediate 200.81 196.95 21.21 179.60 38-48 9/12/2004
67WW07 shallow 200.84 197.04 21.21 179.63 14-24 9/12/2004
Notes:

Elevations are reported as above mean sea level
Depth-to-water is measured from TOC
a   Screen information not available for this well
bgs       below ground surface
btoc     below top of casing
NSC     no sample collected
TOC     top of casing

LHAAP-50

LHAAP-67
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Table 3-2
Groundwater Sampling Results for LHAAP-17

Shaw Environmental, Inc.

Associated Site: Area 17 Area 17 Area 17 Area 17 Area 17 Area 17 Area 17 Area 17
Location Code: 17WW01 17WW05 17WW07 17WW08 17WW09 17WW10 17WW11 17WW12

Sample Number:
L0001-

17WW01
L0001-

17WW05 L0001-17WW07
L0001-

17WW08 L0001-17WW09 L0001-17WW10 L0001-17WW11
L0001-

17WW12
Sample Date: 9/7/2004 9/7/2004 9/3/2004 9/3/2004 9/2/2004 9/2/2004 9/3/2004 9/3/2004

Zone: Shallow Deep Intermediate Shallow Intermediate Shallow Intermediate Shallow
Units Result Result Result Result Result Result Result Result

EXPLOSIVES
p-Nitrotoluene µg/L <0.2 <0.2 <0.26 <0.26 0.2 UJ 0.2 UJ 0.2 UJ 0.2 UJ
PERCHLORATE
Perchlorate µg/L 840,000 J 1,200 <1 <1 <1 2,000 <1 7
VOLATILES
1,1,2-Trichloroethane µg/L 2 J <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethane µg/L 10 <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethene µg/L 38 <5 <5 <5 <5 <5 <5 <5
1,2-Dichloroethane µg/L 89 JH 5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 5 UJ
Benzene µg/L 2 J <5 <5 <5 <5 <5 <5 <5
Chloroform µg/L 1 J <5 <5 <5 <5 <5 <5 <5
cis-1,2-Dichloroethene µg/L 27 <5 <5 <5 <5 <5 <5 <5
trans-1,2-Dichloroethene µg/L 7 <5 <5 <5 <5 <5 <5 <5
Trichloroethene (TCE) µg/L 7,000 <5 <5 <5 <5 <5 1 J <5

Notes provided on last page.

Parameter
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Table 3-2
Groundwater Sampling Results for LHAAP-17

Shaw Environmental, Inc.

Associated Site: Area 17 Area 17 Area 17 Area 17
Location Code: 17WW13 17WW14 17WW15 17WW16

Sample Number:
L0001-

17WW13 L0001-17WW14 L0001-17WW15 L0001-17WW16
Sample Date: 9/2/2004 9/3/2004 9/2/2004 9/14/2004

Zone: Shallow Shallow Intermediate Deep
Units Result Result Result Result

EXPLOSIVES
p-Nitrotoluene µg/L 0.2 UJ 0.2 UJ 0.2 UJ 0.25 J
PERCHLORATE
Perchlorate µg/L <1 <1 <1 1.0 UJ
VOLATILES
1,1,2-Trichloroethane µg/L <5 <5 <5 <5
1,1-Dichloroethane µg/L <5 <5 <5 <5
1,1-Dichloroethene µg/L <5 <5 <5 <5
1,2-Dichloroethane µg/L 5 UJ 5 UJ 5 UJ <5
Benzene µg/L <5 <5 <5 <5
Chloroform µg/L <5 <5 <5 <5
cis-1,2-Dichloroethene µg/L <5 <5 <5 <5
trans-1,2-Dichloroethene µg/L <5 <5 <5 <5
Trichloroethene µg/L <5 <5 <5 <5

Notes:
H             Result may be biased high
U             Not detected
J              Reported value is an estimated concentration of the constituent
µg/L       micrograms per liter

Parameter
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Data Gaps Investigation Report

Table 3-3 
Groundwater Sample Results for LHAAP-18/24

Shaw Environmental, Inc.

Associated Site: Area 18/24
Location Code: 18WW21

Sample Number: L0001-18WW21
Sample Date: 9/3/2004

2-Butanone µg/L 8
Carbon disulfide µg/L 2 J

Notes:
J         Reported value is an estimated concentration of the constituent
µg/L    micrograms per liter

Parameter

Volatiles
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Longhorn Army Ammunition Plant, Karnack, Texas Page 1 of 1

Shaw Project No. 845714
4/27/2007

00044856



Data Gaps Investigation Report

Table 3-4 
Groundwater Samples Results for LHAAP-29

Shaw Environmental, Inc.

Associated Site: AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29
Location Code: 29WW02 29WW03 29WW04 29WW05 29WW07 29WW08 29WW11

Sample Number: L0001-29WW02 L0001-29WW03 L0001-29WW04 L0001-29WW05 L0001-29WW07 L0001-29WW08 L0001-29WW11
Sample Date: 8/31/2004 8/30/2004 8/29/2004 8/26/2004 8/25/2004 8/25/2004 8/27/2004

Zone: SHALLOW SHALLOW DEEP SHALLOW SHALLOW DEEP SHALLOW
UNITS Result Result Result Result Result Result Result

EXPLOSIVES
2,4-Dinitrotoluene µg/L 0.2 UJ <0.2 <0.2 160 J <0.2 <0.2 <0.2
2,6-Dinitrotoluene µg/L 0.2 UJ 17 <0.2 280 J <0.2 <0.2 <0.2
4-Amino-2,6-dinitrotoluene µg/L 0.2 UJ 0.21 J <0.2 15 J <0.2 <0.2 <0.2
m-Nitrotoluene µg/L 0.2 UJ 12 J <0.2 400 J <0.2 <0.2 <0.2
o-Nitrotoluene µg/L 0.2 UJ 120 <0.2 3,100 <0.2 <0.2 <0.2
p-Nitrotoluene µg/L 0.2 UJ <0.2 <0.2 16 J <0.2 <0.2 <0.2
PERCHLORATE
Perchlorate µg/L <1.0 <1.0 12 42 <1.0 <1.0 <1.0
VOLATILES
1,1,2-Trichloroethane µg/L <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethane µg/L <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethene µg/L <5 <5 <5 <5 <5 <5 <5
1,2,3-Trichlorobenzene µg/L <5 <5 <5 <5 <5 <5 <5
1,2,4-Trichlorobenzene µg/L <5 <5 <5 <5 <5 <5 <5
1,2-Dichloroethane µg/L <5 5 UJ <5 <5 <5 <5 <5
Bromodichloromethane µg/L <5 <5 <5 <5 <5 <5 <5
Bromoform µg/L 5 UJL <5 <5 <5 <5 <5 <5
Chloroform µg/L <5 <5 <5 <5 <5 <5 <5
cis-1,2-Dichloroethene µg/L 5 UJL <5 <5 <5 <5 <5 <5
Dibromochloromethane µg/L <5 <5 <5 <5 <5 <5 <5
Hexachlorobutadiene µg/L <5 <5 <5 <5 <5 <5 <5
Methylene chloride µg/L <5 <5 <5 <5 <5 <5 5 UJ
Naphthalene µg/L <5 <5 <5 <5 <5 <5 5 UJ
trans-1,2-Dichloroethene µg/L <5 <5 <5 <5 <5 <5 <5
Trichloroethene µg/L 5 UJ <5 <5 <5 <5 2 J <5
Notes provided on last page.

Parameter
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Data Gaps Investigation Report

Table 3-4 
Groundwater Samples Results for LHAAP-29

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Zone:
UNITS

EXPLOSIVES
2,4-Dinitrotoluene µg/L
2,6-Dinitrotoluene µg/L
4-Amino-2,6-dinitrotoluene µg/L
m-Nitrotoluene µg/L
o-Nitrotoluene µg/L
p-Nitrotoluene µg/L
PERCHLORATE
Perchlorate µg/L
VOLATILES
1,1,2-Trichloroethane µg/L
1,1-Dichloroethane µg/L
1,1-Dichloroethene µg/L
1,2,3-Trichlorobenzene µg/L
1,2,4-Trichlorobenzene µg/L
1,2-Dichloroethane µg/L
Bromodichloromethane µg/L
Bromoform µg/L
Chloroform µg/L
cis-1,2-Dichloroethene µg/L
Dibromochloromethane µg/L
Hexachlorobutadiene µg/L
Methylene chloride µg/L
Naphthalene µg/L
trans-1,2-Dichloroethene µg/L
Trichloroethene µg/L
Notes provided on last page.

Parameter

AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29
29WW12 29WW13 29WW14 29WW15 29WW16 29WW20 29WW21

L0001-29WW12 L0001-29WW13 L0001-29WW14 L0001-29WW15 L0001-29WW16 L0001-29WW20 L0001-29WW21
8/27/2004 8/26/2004 8/24/2004 8/25/2004 8/24/2004 8/26/2004 8/25/2004

SHALLOW INTERMEDIATE INTERMEDIATE SHALLOW INTERMEDIATE SHALLOW INTERMEDIATE
Result Result Result Result Result Result Result

<0.2 <0.2 <0.2 <0.2 <0.2 13 <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 45 <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 <4 <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 27 J <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 290 <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 <4 <0.2

<1.0 <1.0 <1.0 24,000 <1.0 <1.0 <1.0

<5 <5 <5 4 J <200,000 <5 <5
<5 <5 <5 3 J <200,000 <5 <5
<5 <5 <5 4 J <200,000 <5 <5
<5 <5 5 UJ <5 <200,000 <5 4 BJ
<5 <5 <5 <5 <200,000 <5 2 BJ
<5 <5 <5 6,400 <200,000 <5 <5
<5 <5 <5 <5 <200,000 <5 <5
<5 <5 <5 <5 <200,000 <5 <5
<5 <5 <5 6 <200,000 <5 <5
<5 <5 <5  3 J <200,000 <5 <5
<5 <5 <5 <5 <200,000 <5 <5
<5 <5 <5 <5 <200,000 <5 1 BJ

5 UJ <5 <5 100 7,300,000 4 BJ 120
5 UJ <5 5 UJ <5 200,000 UJ <5 3 BJ
<5 <5 <5 12 <200,000 <5 <5
<5 <5 <5 160 J <200,000 <5 8
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Data Gaps Investigation Report

Table 3-4 
Groundwater Samples Results for LHAAP-29

Shaw Environmental, Inc.

Associated Site: AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29 AREA 29
Location Code: 29WW21 29WW22 29WW23 29WW24 29WW28 29WW33 29WW34

Sample Number: L0001-29WW21 L0001-29WW22 L0001-29WW23 L0001-29WW24 L0001-29WW28 L0001-29WW33 L0001-29WW34
Sample Date: 8/25/2004 8/27/2004 8/30/2004 8/27/2004 8/26/2004 8/29/2004 8/26/2004

Zone: INTERMEDIATE SHALLOW SHALLOW INTERMEDIATE INTERMEDIATE INTERMEDIATE INTERMEDIATE
UNITS Result Result Result Result Result Result Result

EXPLOSIVES
2,4-Dinitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
2,6-Dinitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
4-Amino-2,6-dinitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
m-Nitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
o-Nitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
p-Nitrotoluene µg/L <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
PERCHLORATE
Perchlorate µg/L <1.0 4 2.6 <1.0 <1.0 3.7 <1.0
VOLATILES
1,1,2-Trichloroethane µg/L <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethane µg/L <5 <5 <5 <5 <5 <5 <5
1,1-Dichloroethene µg/L <5 <5 <5 <5 <5 <5 <5
1,2,3-Trichlorobenzene µg/L 4 BJ <5 <5 <5 <5 <5 <5
1,2,4-Trichlorobenzene µg/L 2 BJ <5 <5 <5 <5 <5 <5
1,2-Dichloroethane µg/L <5 <5 5 UJ <5 <5 <5 <5
Bromodichloromethane µg/L <5 <5 <5 <5 <5 <5 2 J
Bromoform µg/L <5 <5 <5 <5 <5 <5 12
Chloroform µg/L <5 <5 <5 <5 <5 <5 2 J
cis-1,2-Dichloroethene µg/L <5 <5 <5 <5 <5 <5 <5
Dibromochloromethane µg/L <5 <5 <5 <5 <5 <5 9
Hexachlorobutadiene µg/L 1 BJ <5 <5 <5 <5 <5 <5
Methylene chloride µg/L 120 2 BJ <5 26 J 36 <5 <5
Naphthalene µg/L 3 BJ 5 UJ <5 5 UJ <5 <5 <5
trans-1,2-Dichloroethene µg/L <5 <5 <5 <5 <5 <5 <5
Trichloroethene µg/L 8 <5 <5 <5  3 J <5 <5
Notes:
H          Result may be biased high
J          Reported value is an estimated concentration of the constituent
B         Concentration reported in equipment rinse samples
U         Non-detected
L          Result may be biased low
µg/L     micrograms per liter  

 

Parameter

TERC No. DACA56-94-D-0020, TO No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas Page 3 of 3

Shaw Project No. 845714
4/27/2007

00044859



Data Gaps Investigation Report

Table 3-5
Groundwater Samples Results for LHAAP-35A(58)

Shaw Environmental, Inc.

Associated Site: AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A AREA 35A
Location Code: 35AWW01 35AWW02 35AWW03 35AWW04 35AWW05 LHSMW01 LHSMW04 LHSMW05 LHSMW06 LHSMW07

Sample Number: L0001-35AWW01 L0001-35AWW02 L0001-35AWW03 L0001-35AWW04 L0001-35AWW05 L0001-LHSMW01 L0001-LHSMW04 L0001-LHSMW05 L0001-LHSMW06 L0001-LHSMW07
Sample Date: 9/9/2004 9/10/2004 9/8/2004 9/8/2004 9/8/2004 9/9/2004 9/9/2004 9/9/2004 9/8/2004 9/8/2004
Sample Type: REG REG REG REG REG REG REG REG REG REG

Zone: INTERMEDIATE DEEP SHALLOW SHALLOW INTERMEDIATE SHALLOW SHALLOW SHALLOW SHALLOW SHALLOW

1,1,2-Trichloroethane   µg/L <5 <5 <5 <5 <5 <5 <5 <5 <5  2 J
1,1-Dichloroethane   µg/L <5 <5 <5 <5 <5 <5 <5 <5  2 J 51
1,1-Dichloroethene   µg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 590
Chloroform   µg/L <5 <5 <5 <5 <5 <5 <5  1 J <5 <5
cis-1,2-Dichloroethene   µg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 6
Methylene chloride   µg/L <5  1 BJ <5 <5 <5 <5 <5 <5 <5 <5
Tetrachloroethene   µg/L <5 <5 <5 <5 <5 <5 <5 5,100  2 J <5
Trichloroethene   µg/L <5 <5 <5 <5 <5 <5 <5 230 <5 24
Vinyl chloride   µg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 9

Notes:
J         Reported value is an estimated concentration of the constituent
B       Concentration reported in equipment rinse samples
µg/L    micrograms per liter

PARAMETER

VOLATILES
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Data Gaps Investigation Report

Table 3-6 
Groundwater Sampling Results for LHAAP-35B(37)

Shaw Environmental, Inc.

Associated Site: Area 35B Area 35B Area 35B Area 35B
Location Code: 35BWW01 35BWW03 LHSMW58 LHSMW59

Sample Number: L0001-35BWW01 L0001-35BWW03 L0001-LHSMW58 L0001-LHSMW59
Sample Date: 9/10/2004 9/10/2004 9/10/2004 9/10/2004

Zone: SHALLOW INTERMEDIATE SHALLOW INTERMEDIATE
UNITS Result Result Result Result

1,1-Dichloroethene µg/L <5 <5 4 J <5
Carbon disulfide µg/L <5 8 <5 <5
Chlorobenzene µg/L <5 <5 2 J <5
Tetrachloroethene µg/L <5 <5 20 3 J
Trichloroethene (TCE) µg/L <5 <5 33 180

msl     mean sea level
µg/L     micrograms per liter

PARAMATER

Volatiles

Notes:
J          Reported value is an estimated concentration of the constituent
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Data Gaps Investigation Report

Table 3-7 
Groundwater Sampling Results for LHAAP-35C(53)

Shaw Environmental, Inc.

Associated Site: AREA 35C AREA 35C AREA 35C AREA 35C AREA 35C AREA 35C AREA 35C
Location Code: 106 107 LHSMW67 LHSMW68 LHSMW69 LHSMW70 LHSMW71

Sample Number: L0001-106 L0001-107 L0001-LHSMW67 L0001-LHSMW68 L0001-LHSMW69 L0001-LHSMW70 L0001-LHSMW71
Sample Date: 9/14/2004 9/15/2004 9/15/2004 9/14/2004 9/15/2004 9/14/2004 9/14/2004
Sample Type: SHALLOW SHALLOW SHALLOW SHALLOW INTERMEDIATE SHALLOW SHALLOW

Zone: REG REG REG REG REG REG REG
UNITS Result Result Result Result Result Result Result

1,2,3,4,6,7,8-HpCDD pg/L Unfiltered NA NA  5.104 J NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzofuran pg/L Unfiltered NA NA  0.934 J NA NA NA NA
Heptachlorodibenzo-p-dioxin pg/L Unfiltered NA NA 9.668 NA NA NA NA
Hexachlorodibenzofuran pg/L Unfiltered NA NA 0.934 NA NA NA NA
Octachlorodibenzo-p-dioxin pg/L Unfiltered NA NA  67.19 B NA NA NA NA
Octachlorodibenzofuran pg/L Unfiltered NA NA  5.005 J NA NA NA NA

Aluminum µg/L Unfiltered NA NA NA NA NA NA 4220
Aluminum µg/L Filtered NA NA NA NA NA NA <200
Antimony µg/L Unfiltered NA NA NA NA NA NA 151
Antimony µg/L Filtered NA NA NA NA NA NA <20
Barium µg/L Unfiltered NA NA NA NA NA NA 202
Barium µg/L Filtered NA NA NA NA NA NA  35.6 J
Calcium µg/L Unfiltered NA NA NA NA NA NA 16600
Calcium µg/L Filtered NA NA NA NA NA NA 12900
Chromium µg/L Unfiltered NA NA NA NA NA NA 83300
Chromium µg/L Filtered NA NA NA NA NA NA  16.0 J
Cobalt µg/L Unfiltered NA NA NA NA NA NA 53.5
Cobalt µg/L Filtered NA NA NA NA NA NA  5.5 J
Copper µg/L Unfiltered NA NA NA NA NA NA 383
Copper µg/L Filtered NA NA NA NA NA NA <30
Iron µg/L Unfiltered NA NA NA NA NA NA 247000
Iron µg/L Filtered NA NA NA NA NA NA  106 J
Magnesium µg/L Unfiltered NA NA NA NA NA NA 781
Magnesium µg/L Filtered NA NA NA NA NA NA 104
Manganese µg/L Unfiltered NA NA NA NA NA NA  0.21 J
Manganese µg/L Filtered NA NA NA NA NA NA  0.09 J
Mercury µg/L Unfiltered NA NA NA NA NA NA 788
Mercury µg/L Filtered NA NA NA NA NA NA 251
Nickel µg/L Unfiltered NA NA NA NA NA NA 1380
Nickel µg/L Filtered NA NA NA NA NA NA  855 J
Potassium µg/L Unfiltered NA NA NA NA NA NA <30
Potassium µg/L Filtered NA NA NA NA NA NA <30
Silver µg/L Unfiltered NA NA NA NA NA NA  12.4 J
Silver µg/L Filtered NA NA NA NA NA NA <30
Sodium µg/L Unfiltered NA NA NA NA NA NA 390000
Sodium µg/L Filtered NA NA NA NA NA NA 390000
Thallium µg/L Unfiltered NA NA NA NA NA NA 0.276
Thallium µg/L Filtered NA NA NA NA NA NA 0.224

B          Concentration reported was detected above the levels reported in the associated equipment rinse sample and/or laboratory method and trip blanks

NA        not analyzed

PARAMETER

Dioxins & Furans (pg/L)

Metals (µg/L)

Notes:

J           Reported value is an estimated concentration of the constituent

pg/L      picograms per liter
µg/L      micrograms per liter
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Data Gaps Investigation Report

Table 3-8
Groundwater Samples Results for LHAAP-47

Shaw Environmental, Inc.

Associated Site: Area 47 Area 47 Area 47 Area 47 Area 47
Location Code: 47WW05 47WW06 47WW07 47WW13 47WW14

Sample Number: L0001-47WW05 L0001-47WW06 L0001-47WW07 L0001-47WW013 L0001-47WW014
Sample Date: 9/1/2004 9/1/2004 9/1/2004 9/2/2004 9/2/2004

Zone: Shallow Intermediate Deep Shallow Intermediate
Units Result Result Result Result Result

1,1-Dichloroethane µg/L <5 <5 <5 2 J 3 J
cis-1,2-Dichloroethene µg/L 15 JL 5 UJL 5 UJL 1,600 120
trans-1,2-Dichloroethene µg/L <5 <5 <5 18 <5
Trichloroethene (TCE) µg/L 3,200 5 UJ 5 UJ 720 280
Vinyl chloride µg/L <5 <5 <5 6 18
Notes provided on last page.

Parameter

Volatiles
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Data Gaps Investigation Report

Table 3-8
Groundwater Sampling Results for LHAAP-47

Shaw Environmental, Inc.

Associated Site: Area 47 Area 47 Area 47 Area 47 Area 47
Location Code: 47WW15 47WW28 47WW29 47WW30 47WW31

Sample Number: L0001-47WW15 L0001-47WW28 L0001-47WW29 L0001-47WW30 L0001-47WW31
Sample Date: 9/2/2004 9/1/2004 9/1/2004 9/1/2004 9/2/2004

Zone: Deep Shallow Intermediate Shallow Intermediate
Units Result Result Result Result Result

1,1-Dichloroethane µg/L <5 <5 <5 2 J <5
cis-1,2-Dichloroethene µg/L <5 5 UJL 5 UJL 9 <5
trans-1,2-Dichloroethene µg/L <5 <5 <5 <5 <5
Trichloroethene µg/L <5 5 UJ 5 UJ 1100 <5
Vinyl chloride µg/L <5 <5 <5 <5 <5

U         Not detected
µg/L     micrograms per liter

Parameter
Volatiles

Notes:
J          Reported value is an estimated concentration of the constituent
L          Result may be biased low
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Data Gaps Investigation Report Shaw Environmental, Inc.

Associated Site: Area 48 Area 48 Area 48
Location Code: 48WW01 LHSMW62 LHSMW64

Sample Number: L0001-48WW01 L0001-LHSMW62 L0001-LHSMW64
Sample Date: 9/13/2004 9/13/2004 9/13/2004

Zone: INTERMEDIATE SHALLOW SHALLOW
Units Result Result Result

1,2,3,4,6,7,8-Heptachlorodibenzofuran pg/L <10 <26.315 0.297 BJ
1,2,3,4,6,7,8-HpCDD pg/L 2.178 J 2.59 J 1.547 BJ
1,2,3,4,7,8-Hexachlorodibenzofuran pg/L <10 0.82 JK 0.618 J
1,2,3,6,7,8-Hexachlorodibenzofuran pg/L <10 <26.315 0.173 JK
2,3,4,6,7,8-Hexachlorodibenzofuran pg/L <10 <26.315 0.258 J
2,3,4,7,8-Pentachlorodibenzofuran pg/L <10 <26.315 0.153 JK
Heptachlorodibenzo-p-dioxin pg/L 2.178 4.902 3.769
Hexachloridibenzo-p-dioxin pg/L <25 <26.315 1.876
Hexachlorodibenzofuran pg/L <25 <26.315 0.876
Octachlorodibenzofuran pg/L <50 3.211 J 1.783 BJ
Octachlorodibenzo-p-dioxin pg/L 36.101 BJ 35.034 B 26.257 BJ
Pentachlorodibenzo-p-dioxin pg/L <25 <26.315 0.33
Tetrachlorodibenzo-p-dioxin pg/L <10 <10.526 3.374

Thallium µg/L 0.246 0.465 0.142 J

Parameter
Dioxins & Furans

Table 3-9 
Groundwater Sampling Results for LHAAP-48

K            Maximum estimated concentration
pg/L       picograms per liter
µg/L       micrograms per liter

Metals

Notes:
J             Reported value is an estimated concentration of the constituent
B            Concentration reported in equipment rinse samples
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Data Gaps Investigation Report Shaw Environmental, Inc.

Associated Site: Area 50 Area 50 Area 50 Area 50 Area 50
Location Code: 50WW01 50WW02 50WW03 50WW04 50WW06

Sample Number: L0001-50WW01 L0001-50WW02 L0001-50WW03 L0001-50WW04 L0001-50WW06
Sample Date: 8/31/2004 8/30/2004 8/30/2004 8/31/2004 9/1/2004

Zone: SHALLOW SHALLOW SHALLOW SHALLOW INTERMEDIATE
Units Result Result Result Result Result

Perchlorate µg/L <1.0 2,500 <1.0 <1.0 6.7

1,1,2-Trichloroethane µg/L <5 3 J <5 <5 <5
1,1-Dichloroethane µg/L <5 16 <5 <5 <5
1,1-Dichloroethene µg/L <5 20 <5 <5 <5
1,2-Dichlorobenzene µg/L <5 6 UJ <5 <5 <5
1,2-Dichloroethane µg/L <5 58 5 UJ 5 UJ 5 UJ
Benzene µg/L <5 1 J <5 <5 <5
Chloroform µg/L <5 13 <5 <5 <5
cis-1,2-Dichloroethene µg/L <5 1800 <5 <5 <5
Tetrachloroethene µg/L <5 28 <5 <5 <5
trans-1,2-Dichloroethene µg/L <5 8 <5 <5 <5
Trichloroethene µg/L 5 UJ 9,200 8 2 J 15
Vinyl chloride µg/L <5 36 <5 <5 <5

Volatiles

Table 3-10 
Groundwater Sampling Results for LHAAP-50

Parameter
Perchlorate

Notes:
J           Reported value is an estimated concentration of the constituent
UJ        Not detected
µg/L      micrograms per liter

TERC No. DACA56-94-D-0020, TO No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas Page 1 of 1

Shaw Project No. 845714
4/27/2007

00044866



Data Gaps Investigation Report

Table 3-11 
Groundwater Sampling Results for LHAAP-67

Shaw Environmental, Inc.

Associated Site: LHAAP 67 LHAAP 67 LHAAP 67 LHAAP 67 LHAAP 67 LHAAP 67 LHAAP 67
Location Code: 67WW01 67WW02 67WW03 67WW04 67WW05 67WW06 67WW07

Sample Number: L0001-G4WW01 L0001-G4WW02 L0001-G4WW03 L0001-67WW04 L0001-67WW05 L0001-67WW06 L0001-67WW07
Sample Date: 9/12/2004 9/12/2004 9/12/2004 9/12/2004 9/12/2004 9/12/2004 9/12/2004

Zone: SHALLOW SHALLOW SHALLOW SHALLOW SHALLOW INTERMEDIATE SHALLOW
UNITS Result Result Result Result Result Result Result

VOCs
1,1,2-Trichloroethane µg/L 1 J <5 <5 <5 <5 <5 <5
1,1-Dichloroethane µg/L 12 <5 <5 <5 <5 <5 <5
1,1-Dichloroethene µg/L 280 D <5 <5 <5 <5 <5 <5
1,2-Dichloroethane µg/L 13 <5 <5 <5 <5 <5 <5
Chloromethane µg/L <5 <5 <5 <5 1 J <5 <5
cis-1,2-Dichloroethene µg/L 1 J <5 <5 <5 <5 <5 <5
Hexachlorobutadiene µg/L <5 <5 <5 <5 <5 <5 2 J
Methylene chloride µg/L <5 <5 <5 <5 1 JB <5 <5
Trichloroethene µg/L 6 <5 <5 1 J <5 <5 <5
Vinyl chloride µg/L 1 J <5 <5 <5 <5 <5 <5

Notes:

D            Dilution applied
J             Reported value is an estimated concentration of the constituent
B            Concentration reported in equipment rinse samples
µg/L        micrograms per liter

Parameter

TERC No. DACA56-94-D-0020, TO No. 0109
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Data Gaps Investigation Report

Table 3-12
Soil Sampling Results for LHAAP-32

Shaw Environmental, Inc.

Associated Site: AREA 32 AREA 32 AREA 32 AREA 32 AREA 32 AREA 32 AREA 32
Location Code: 32SB14 32SB14 32SB14 32SB15 32SB15 32SB15 32SB16

Sample Number: L0001-32SB14 L0002-32SB14 L0003-32SB14 L0001-32SB15 L0002-32SB15 L0003-32SB15 L0001-32SB16
Sample Date: 8/16/2004 8/16/2004 8/16/2004 8/16/2004 8/16/2004 8/16/2004 8/16/2004

Start Depth: 0 12 27 0 9 15 0
End Depth: 1 15 28 1 12 17 1

Sample Type: REG REG REG REG REG REG REG
Units Result Result Result Result Result Result Result

2,4,6-Trinitrotoluene   mg/kg <.24 U <.22 U <.24 U <.23 U <.22 U <.25 U <.25 U
2,4-Dinitrotoluene   mg/kg <.24 U <.22 U <.24 U <.23 U <.22 U <.25 U <.25 U
2-Amino-4,6-dinitrotoluene   mg/kg <.24 U <.22 U <.24 U <.23 U <.22 U <.25 U <.25 U

Aluminum   mg/kg 10,700 7,750 8,260 6,620 J 8,540 J 8,420 J 9,210 J
Antimony   mg/kg <1.1 U <1.0 U <1.1 U 0.32 BJ 0.25 BJ 0.47 BJ <1.2 UJL
Arsenic   mg/kg 4.3 3.7 3.6 1.5 J 2.1 J 2.6 J 3.6 J
Barium   mg/kg 84.5 J 130 J 59.5 J 115 J 55.8 J 132 J 52.8 J
Beryllium   mg/kg 0.56 0.65 0.54 0.6 J 0.7 J 0.73 J 0.65 J
Cadmium   mg/kg 0.023 J 0.13 J 0.25 J <0.36 U 0.034 J 0.59 0.04 J
Calcium   mg/kg 750 3,580 5,160 1,240 3,300 3,450 3,940
Chromium   mg/kg 16.3 12.2 15.4 11 J 15.5 J 17.5 J 19.8 J
Cobalt   mg/kg 4.7 J 17.7 J 7.7 J 7.3 J 7.9 J 7.1 J 11.9 J
Copper   mg/kg 7.9 16 15.5 8.8 14.9 19.8 21.3
Iron   mg/kg 13,300 J 19,000 J 15,100 J 10,700 J 22,000 J 22,600 J 14,800 J
Lead   mg/kg 11.9 12.5 8.9 9.8 J 13.2 J 8.8 J 13 J
Magnesium   mg/kg 803 4,560 6,110 988 J 4,860 J 4,550 J 4,970 J
Manganese   mg/kg 174 J 1010 J 435 J 168 J 217 J 119 J 253 J
Mercury   mg/kg 0.058 B 0.065 B 0.051 B 0.013 J 0.023 J 0.068 0.066
Nickel   mg/kg 4.7 14.3 17.6 8.4 J 23.9 J 27.2 J 34.8 J
Potassium   mg/kg 325 1110 1100 328 1150 756 854
Selenium   mg/kg 1.4 J 0.76 J 1 J 0.27 BJ <1.5 U <1.5 U 0.22 BJ
Silver   mg/kg <1.7 U <1.5 U <1.7 U 0.9 J 1.2 J 1.1 J 0.96 J
Sodium   mg/kg 97.1 388 209 139 532 628 599
Thallium   mg/kg 0.0791 J 0.118 J 0.171 0.159 0.16 0.212 0.114 J
Vanadium   mg/kg 31.2 15.2 18.2 24.7 J 19.1 J 25.3 J 21.2 J
Zinc   mg/kg 13.9 48.7 57.2 15.9 J 77.1 J 80.6 J 84.6 J
Notes provided on last page.

Parameter

METALS

EXPLOSIVES
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Data Gaps Investigation Report

Table 3-12
Soil Sampling Results for LHAAP-32

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Start Depth:
End Depth:

Sample Type:
Units

2,4,6-Trinitrotoluene   mg/kg
2,4-Dinitrotoluene   mg/kg
2-Amino-4,6-dinitrotoluene   mg/kg

Aluminum   mg/kg
Antimony   mg/kg
Arsenic   mg/kg
Barium   mg/kg
Beryllium   mg/kg
Cadmium   mg/kg
Calcium   mg/kg
Chromium   mg/kg
Cobalt   mg/kg
Copper   mg/kg
Iron   mg/kg
Lead   mg/kg
Magnesium   mg/kg
Manganese   mg/kg
Mercury   mg/kg
Nickel   mg/kg
Potassium   mg/kg
Selenium   mg/kg
Silver   mg/kg
Sodium   mg/kg
Thallium   mg/kg
Vanadium   mg/kg
Zinc   mg/kg
Notes provided on last page.

Parameter

METALS

EXPLOSIVES

AREA 32 AREA 32 AREA 32 AREA 32 AREA 32 AREA 32
32SB16 32SB16 32SB17 32SB17 32SB17 32SB18

L0002-32SB16 L0003-32SB16 L0001-32SB17 L0002-32SB17 L0003-32SB17 L0001-32SB18
8/16/2004 8/16/2004 8/17/2004 8/17/2004 8/17/2004 8/17/2004

3 12 0 9 15 0
6 13 1 12 16 1

REG REG REG REG REG REG
Result Result Result Result Result Result

<.25 U <.28 U <.24 U <.25 U <.24 U <.23 U
<.25 U <.28 U <.24 U <.25 U <.24 U <.23 U
<.25 U <.28 U <.24 U <.25 U <.24 U <.23 U

7,780 J 7,110 J 16,000 J 3,050 J 7,680 J 7,630 J
0.35 BJ 0.16 BJ <1.2 UJL <1.2 UJL <1.2 UJL 0.13 BJ

3 J 2.6 J 2.7 J 0.87 J 2.7 J 1.7 J
108 J 228 J 117 J 9.2 J 314 J 67.5 J
0.73 J 0.85 J 0.54 J 0.92 J 0.61 J 0.45 J

<0.37 U <0.36 U <0.36 U 0.054 J 0.52 <0.29 U
2,740 2290 1530 2750 2,730 1,050
16.8 J 16.6 J 15.9 J 5 J 25.8 J 8.7 J
12.9 J 10.4 J 2.8 J 1.1 J 21.5 J 1.5 J
15.2 9.5 9.1 4.5 13.2 6.1

13,900 J 14,800 J 26,200 J 1,760 J 11,300 J 7,610 J
11.4 J 9.3 J 11 J 4.8 J 6.1 J 7.9 J

4,290 J 3,320 J 1,430 J 2,100 J 4,030 J 745 J
326 J 241 J 34.9 J 39.6 J 995 J 34.2 J

0.033 J 0.059 0.062 0.027 J 0.029 J 0.052
31.4 J 27.2 J 9.1 J 3.3 J 36 J 3.8 J
826 655 395 374 863 228

0.14 BJ 0.52 BJ <1.8 U <1.8 U 0.27 BJ 0.34 BJ
0.92 J 1  J 1.3 J <1.8 U 0.45 J 0.47 J
581 521 362 588 652 442

0.214 0.186 0.0922 J <0.129 U 0.261 0.0623 J
20.6 J 16.5 J 29.7 J 4.5 J 20.4 J 15.9 J
78.2 J 53.7 J 23.2 J 8.5 J 78.1 J 8.3 J
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Data Gaps Investigation Report

Table 3-12
Soil Sampling Results for LHAAP-32

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Start Depth:
End Depth:

Sample Type:
Units

2,4,6-Trinitrotoluene   mg/kg
2,4-Dinitrotoluene   mg/kg
2-Amino-4,6-dinitrotoluene   mg/kg

Aluminum   mg/kg
Antimony   mg/kg
Arsenic   mg/kg
Barium   mg/kg
Beryllium   mg/kg
Cadmium   mg/kg
Calcium   mg/kg
Chromium   mg/kg
Cobalt   mg/kg
Copper   mg/kg
Iron   mg/kg
Lead   mg/kg
Magnesium   mg/kg
Manganese   mg/kg
Mercury   mg/kg
Nickel   mg/kg
Potassium   mg/kg
Selenium   mg/kg
Silver   mg/kg
Sodium   mg/kg
Thallium   mg/kg
Vanadium   mg/kg
Zinc   mg/kg
Notes provided on last page.

Parameter

METALS

EXPLOSIVES

AREA 32 AREA 32 AREA 32 AREA 32 AREA 32 AREA 32 AREA 32
32SB18 32SB18 32SB19 32SB19 32SB19 32SB20 32SB20

L0002-32SB18 L0003-32SB18 L0001-32SB19 L0002-32SB19 L0003-32SB19 L0001-32SB20 L0002-32SB20
8/17/2004 8/17/2004 8/17/2004 8/17/2004 8/17/2004 8/17/2004 8/17/2004

9 12 0 6 12 0 3
12 15 1 9 15 1 6

REG REG REG REG REG REG REG
Result Result Result Result Result Result Result

<.25 U <.24 U <.21 U <.24 U <.24 U <.22 U <.23 U
<.25 U <.24 U <.21 U <.24 U <.24 U <.22 U <.23 U
<.25 U <.24 U <.21 U <.24 U <.24 U <.22 U <.23 U

8,830 J 7,010 J 3,200 J 10,200 J 9,970 9,370 J 4,960 J
0.19 BJ 0.21  BJ 0.21 BJ <1.2 UJL 0.55 BJ 0.2 BJ 0.6 BJ

2.4 J 2.4 J 1.1 J 3.9 J 4.3 2.6 J 4.6 J
66.1 J 40.7 J 28 J 235 J 148 J 95.6 J 147 J
0.66 0.51 J 0.18 J 2.2 J 0.7 0.49 J 0.71 J

<0.38 U 0.02 J <0.30 U <0.35 U <0.34 U <0.30 U 0.071 J
3270 2730 168 2,700 1,320 2,450 1770
16.9 J 15.5 J 8.8 J 15.5 J 18.6 13.2 J 23.3 J
5.5 J 11.9 J 1.4 J 5.5 J 13.7 4 J 5.6 J
12.8 12.7 2.6 14.9 6 9.5 10.3

12,200 J 13,900 J 6,080 J 15,200 J 20,400 22,700 J 34,900 J
6.1 J 5.7 J 4.3 J 6.8 J 13.5 12.9 J 1,630 J

4,630 J 3,860 J 193 J 4,380 J 1,190 1,330 J 970 J
124 J 219 J 95.6 J 406 J 373 56 J 276 J

0.027 J 0.14 0.017 J 0.026 J 0.12 J 0.041 0.0088 J
26.7 J 28.9 J 1.9 J 40.5 J 8.4 13.6 J 11.8 J
754 819 194 595 310 323 280

<1.9 U 0.22 BJ 0.43 BJ 0.22 BJ 2.2 0.28 BJ 0.23 BJ
0.72 J 0.96 J 0.59 J 0.77 J 0.25 J 1.2 J 1.9
1170 546 83.3 1,640 133 64.1 156
0.14 0.176 <0.102 U 0.169 0.12 <0.105 U 0.0874 J

17.2 J 17.9 J 13.9 J 25.6 J 38.4 21.4 J 35.3 J
72.2 J 68.5 J 3.8 J 68.6 J 18.2 29.3 J 188 J
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Data Gaps Investigation Report

Table 3-12
Soil Sampling Results for LHAAP-32

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Start Depth:
End Depth:

Sample Type:
Units

2,4,6-Trinitrotoluene   mg/kg
2,4-Dinitrotoluene   mg/kg
2-Amino-4,6-dinitrotoluene   mg/kg

Aluminum   mg/kg
Antimony   mg/kg
Arsenic   mg/kg
Barium   mg/kg
Beryllium   mg/kg
Cadmium   mg/kg
Calcium   mg/kg
Chromium   mg/kg
Cobalt   mg/kg
Copper   mg/kg
Iron   mg/kg
Lead   mg/kg
Magnesium   mg/kg
Manganese   mg/kg
Mercury   mg/kg
Nickel   mg/kg
Potassium   mg/kg
Selenium   mg/kg
Silver   mg/kg
Sodium   mg/kg
Thallium   mg/kg
Vanadium   mg/kg
Zinc  mg/kg
Notes provided on last page.

Parameter

METALS

EXPLOSIVES

AREA 32 AREA 32 AREA 32 AREA 32 AREA 32
32SB20 32SB21 32SB21 32SB21 32SB22

L0003-32SB20 L0001-32SB21 L0002-32SB21 L0003-32SB21 L0001-32SB22
8/17/2004 8/17/2004 8/17/2004 8/17/2004 9/8/2004

12 0 9 12 0
15 1 12 15 1

REG REG REG REG REG
Result Result Result Result Result

<.24 U <.21 U <.22 U <.24 U 46 J
<.24 U <.21 U <.22 U <.24 U <.19 U
<.24 U <.21 U <.22 U <.24 U 2.6 J

11,300 7,050 J 8,930 J 12,300 10,900
<1.0 UJL 0.24 BJ 0.78 BJ 0.16 BJ <1 U

4 2 J 2.4 J 2.8 4.3
38.9 J 57.3 J 55 J 42.3 J 83.7
0.72 0.36 J 0.89 J 0.82 0.52

0.17 J <0.32 U 0.26 J 0.21 J <0.31 U
4,570 1,470 4,080 5,500 956
23.5 10.2 J 18.6 J 23.6 15.6
13.1 2.1 J 12.8 J 11.3 3.8
23.2 4.6 23.1 32.4 7.2

19,000 8,930 J 38,100 J 21,400 15,600
12.1 7.4 J 8.5 J 14.4 11.1

6,060 440 J 4,740 J 6,590 648
236 74.8 J 491 J 217 187

0.084 BJ 0.014 J 0.039 0.18 J 0.045 B
37.2 4.4 J 41.7 J 37.3 4
864 305 903 1,120 333

2 0.46 BJ <1.8 U 2 <1.6 U
<1.5 U 0.74 J 1.9 0.027 J <1.6 U

743 27.6 J 1010 634 110
0.19 0.0694 J 0.205 0.204 0.0682 J
22.9 20.5 J 25.5 J 30.7 29
98.7 10.1 J 90.6 J 108 13.6
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Data Gaps Investigation Report

Table 3-12
Soil Sampling Results for LHAAP-32

Shaw Environmental, Inc.

Associated Site: AREA 32 AREA 32 AREA 32 AREA 32 AREA 32
Location Code: 32SB22 32SB22 32SB23 32SB23 32SB23

Sample Number: L0002-32SB22 L0003-32SB22 L0001-32SB23 L0002-32SB23 L0003-32SB23
Sample Date: 9/8/2004 9/8/2004 9/8/2004 9/8/2004 9/8/2004

Start Depth: 5 10 0 5 10
End Depth: 6 12 1 6 12

Sample Type: REG REG REG REG REG
Units Result Result Result Result Result

2,4,6-Trinitrotoluene   mg/kg <.2 U <.18 U <.2 U <.19 U <.19 U
2,4-Dinitrotoluene   mg/kg <.2 U <.18 U <.2 U <.19 U <.19 U
2-Amino-4,6-dinitrotoluene   mg/kg <.2 U <.18 U <.2 U <.19 U <.19 U

Aluminum   mg/kg 9,670 4,010 11,300 8,220 9,620
Antimony   mg/kg 0.087 J 0.11 J <1.1 U 0.08 J 0.13 J
Arsenic   mg/kg 1.5 0.67 J 2.7 1.4 3.8
Barium   mg/kg 1,950 19.1 116 747 118
Beryllium   mg/kg 0.72 0.62 0.59 0.71 0.65
Cadmium   mg/kg <0.35 U <0.3 U <0.33 U <0.31 U <0.35 U
Calcium   mg/kg 3,180 2,520 1,150 2,760 3,230
Chromium   mg/kg 19.9 5.2 12.3 15.2 25
Cobalt   mg/kg 4.9 1.1 J 5 3.4 12.4
Copper   mg/kg 12.5 6.2 6.4 12.4 17
Iron   mg/kg 10,200 2,480 7,990 7,660 14,700
Lead   mg/kg 5.5 6.7 8.4 6.1 9.8
Magnesium   mg/kg 3,900 2,010 1,240 3,280 4,380
Manganese   mg/kg 85.9 48.2 108 61.3 266
Mercury   mg/kg 0.059 0.059 0.053 B 0.1 0.074
Nickel   mg/kg 19.5 3.2 7.6 12.9 26.1
Potassium   mg/kg 686 544 312 593 976
Selenium   mg/kg <1.7 U <1.5 U 0.27 J <1.5 U <1.8 U
Silver   mg/kg <1.7 U <1.5 U <1.7 U <1.5 U <1.8 U
Sodium   mg/kg 685 491 130 608 523
Thallium   mg/kg 0.106 J <0.109 U 0.0863 J 0.132 0.12 J
Vanadium   mg/kg 13.3 5.5 26.3 9.3 22.7
Zinc  mg/kg 62.8 10.6 16.8 65.6 81.1
Notes:
B              Concentration reported in equipment rinsate samples
J               Reported value is an estimated concentration of the constituent
U              Not detected
L              Result may be biased low
mg/kg       milligrams per kilograms

Parameter

EXPLOSIVES

METALS
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Data Gaps Investigation Report

Table 3-13 
Soil Sampling Results for LHAAP-50

Shaw Environmental, Inc.

Associated Site: Area 50 Area 50 Area 50 Area 50 Area 50 Area 50 Area 50 Area 50
Location Code: 50SB10 50SB10 50SB10 50SB11 50SB11 50SB11 50SB12 50SB12

Sample Number: L0001-50SB10 L0002-50SB10 L0003-50SB10 L0001-50SB11 L0002-50SB11 L0003-50SB11 L0001-50SB12 L0002-50SB12
Sample Date: 8/18/2004 8/18/2004 8/18/2004 9/8/2004 9/8/2004 9/8/2004 9/8/2004 9/8/2004

Start Depth: 0 1 6 0 3 9 0 3
End Depth: 1 3 7 1 6 10 1 6

UNITS Result Result Result Result Result Result Result Result
Perchlorate
Perchlorate µg/kg 25 BJ 13 UJL 12 UJL <11 <11 <12 <11 <11
Volatiles
Acetone mg/kg 0.005 J 0.005 J 0.045 <.005 0.006 <.006 <.005 0.006
Methylene chloride mg/kg 0.003 J 0.007 0.006 0.001 B 0.002 B 0.002 B 0.002 B 0.002 B
Naphthalene mg/kg 0.006 UJ 0.006 UJ 0.006 UJ 0.005 UJ 0.006 UJ 0.006 UJ 0.005 UJ 0.006 UJ

Notes provided on last page.

Parameter
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Data Gaps Investigation Report

Table 3-13 
Soil Sampling Results for LHAAP-50

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Start Depth:
End Depth:

UNITS
Perchlorate
Perchlorate µg/kg
Volatiles
Acetone mg/kg
Methylene chloride mg/kg
Naphthalene mg/kg

Notes provided on last page.

Parameter

Area 50 Area 50 Area 50 Area 50 Area 50 Area 50 Area 50
50SB12 50SB13 50SB13 50SB13 50SB14 50SB14 50SB14

L0003-50SB12 L0001-50SB13 L0002-50SB13 L0003-50SB13 L0001-50SB14 L0002-50SB14 L0003-50SB14
9/8/2004 8/18/2004 8/18/2004 8/18/2004 8/18/2004 8/18/2004 8/18/2004

9 0 3 9 0 6 9
10 1 6 10 1 9 11

Result Result Result Result Result Result Result

<12 10 UJL 11 UJL 11 UJL 11 UJL 11 UJL 11 UJL

0.01 <.005 <.005 0.006 0.004 J <.006 0.054
0.002 B 0.003 J 0.004 J 0.005 J 0.004 J 0.004 J 0.005 J
0.006 UJ 0.005 UJ 0.005 UJ 0.006 UJ 0.006 UJ 0.006 UJ 0.006 UJ
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Data Gaps Investigation Report

Table 3-13 
Soil Sampling Results for LHAAP-50

Shaw Environmental, Inc.

Associated Site:
Location Code:

Sample Number:
Sample Date:

Start Depth:
End Depth:

UNITS
Perchlorate
Perchlorate µg/kg
Volatiles
Acetone mg/kg
Methylene chloride mg/kg
Naphthalene mg/kg

Notes provided on last page.

Parameter

Area 50 Area 50 Area 50 Area 50 Area 50
50SB15 50SB15 50SB15 50SB16 50SB16

L0001-50SB15 L0002-50SB15 L0003-50SB15 L0001-50SB16 L0002-50SB16
8/18/2004 8/18/2004 8/18/2004 8/18/2004 8/18/2004

0 3 6 0 1
1 6 7 1 3

Result Result Result Result Result

12 UJL 12 UJL 12 UJL 12 UJL 11 UJL

0.008 0.009 0.007 <.006 <.006
0.005 J 0.006 0.002 J 0.006 0.005 J

0.006 UJ 0.003 UJ 0.005 BJ 0.006 UJ 0.006 UJ

TERC No. DACA56-94-D-0020, TO No. 0109
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Data Gaps Investigation Report

Table 3-13
Soil Sampling Results for LHAAP-50

Shaw Environmental, Inc.

Associated Site: Area 50 Area 50 Area 50 Area 50
Location Code: 50SB16 50SB17 50SB17 50SB17

Sample Number: L0003-50SB16 L0001-50SB17 L0002-50SB17 L0003-50SB17
Sample Date: 8/18/2004 9/8/2004 9/8/2004 9/8/2004

Start Depth: 6 0 6 9
End Depth: 7 1 9 11

UNITS Result Result Result Result
Perchlorate
Perchlorate µg/kg 12 UJL <11 740 2,600
Volatiles
Acetone mg/kg 0.011 <.005 0.008 0.007
Methylene chloride mg/kg 0.005 J 0.001 B 0.002 B 0.002 B
Naphthalene mg/kg 0.006 UJ 0.005 UJ 0.005 UJ 0.006 UJ

Notes:
J           Reported value is an estimated concentration of the constituent
B           Concentration reported in equipment rinse samples
U           Not detected
L           Result may be biased low
mg/kg    milligrams per kilograms
µg/L       micrograms per liter

Parameter
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Data Gaps Investigation Report

Table 3-14 
Soil Sampling Results for LHAAP-67

Shaw Environmental, Inc.

Associated Site: Area 67 Area 67
Location Code: 67SB04 67SB04

Sample Number: 9/8/2004 9/8/2004
Sample Date: 2 5

Start Depth: 3 6
End Depth: L0001-67SB04 L0002-67SB04

UNITS Result Result

Methylene chloride mg/kg 0.002 BJ 0.002 BJ

Notes:
BJ            Value is estimated-concentration reported in equipment rinse samples
mg/kg      milligrams per kilograms

Volatile

Parameter
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Data Gaps Investigation Report

Table 3-15 
Installation-Wide Sediment Sampling Results

Shaw Environmental, Inc.

Associated Site: Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Central Creek Central Creek Central Creek
Location Code: IWSD01 IWSD02 IWSD03 IWSD04 IWSD05 IWSD06 IWSD07 IWSD08 IWSD09

Sample Number: IWSD01 IWSD02 IWSD03 IWSD04 IWSD05 IWSD06 IWSD07 IWSD08 IWSD09
Sample Date: 9/16/2004 9/17/2004 9/16/2004 9/16/2004 9/16/2004 9/16/2004 9/17/2004 9/17/2004 9/17/2004

Start Depth: 0 0 0 0 0 0 0 0 0
End Depth: 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

UNITS REG REG REG REG REG REG REG REG REG
DIOXINS & FURANS
1,2,3,4,6,7,8-Heptachlorodibenzofuran   ng/kg NA NA NA 9.011 NA NA NA NA NA
1,2,3,4,6,7,8-HpCDD   ng/kg NA NA NA 124.036 NA NA NA NA NA
1,2,3,4,7,8,9-Heptachlorodibenzofuran   ng/kg NA NA NA  0.813 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  1.133 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin   ng/kg NA NA NA  0.851 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA  2.295 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  0.621 J NA NA NA NA NA
1,2,3,7,8,9-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA 3.122 NA NA NA NA NA
1,2,3,7,8-Pentachlordibenzo-p-dioxin   ng/kg NA NA NA  0.444 J NA NA NA NA NA
1,2,3,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA  0.236 J NA NA NA NA NA
2,3,4,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  1.04 J NA NA NA NA NA
2,3,4,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA  0.7 J NA NA NA NA NA
2,3,7,8-TCDD   ng/kg NA NA NA  0.369 J NA NA NA NA NA
Heptachlorodibenzofuran   ng/kg NA NA NA 22.774 NA NA NA NA NA
Heptachlorodibenzo-p-dioxin   ng/kg NA NA NA 308.573 NA NA NA NA NA
Hexachloridibenzo-p-dioxin   ng/kg NA NA NA 62.89 NA NA NA NA NA
Hexachlorodibenzofuran   ng/kg NA NA NA 13.444 NA NA NA NA NA
Octachlorodibenzofuran   ng/kg NA NA NA 18.962 NA NA NA NA NA
Octachlorodibenzo-p-dioxin   ng/kg NA NA NA  5960.133 J NA NA NA NA NA
Pentachlorodibenzofuran   ng/kg NA NA NA 16.063 NA NA NA NA NA
Pentachlorodibenzo-p-dioxin   ng/kg NA NA NA 8.493 NA NA NA NA NA
Tetrachlorodibenzofuran, Total   ng/kg NA NA NA 8.465 NA NA NA NA NA
Tetrachlorodibenzo-p-dioxin   ng/kg NA NA NA 3.741 NA NA NA NA NA
METALS
Aluminum   mg/kg  3470 J 2420 9790 7090  2040 J  10500 J  2920 J  1640 J  6240 J
Antimony   mg/kg  0.75 B  0.3 B  0.22 B  0.23 B  0.36 B  1.0 B  0.31 B  0.43 B  0.96 B
Arsenic   mg/kg 2.4 2 4.6 2.6 1.5 3.6 2.2  1.0 J 4.7
Barium   mg/kg 39.5 69.2 174 105 30.7 161 66.1 28.2 74.4
Beryllium   mg/kg 0.32  0.21 J 0.8 0.69  0.23 J 0.93 0.39  0.25 J 0.83
Cadmium   mg/kg  0.035 J <0.33  0.22 J  0.078 J  0.028 J 0.53  0.041 J <0.40  0.11 J
Calcium   mg/kg  540 J 359 1860 659  269 J  2530 J  1060 J  362 J  1560 J
Chromium   mg/kg 10 8 13.2 7.6 5.8 14.4 6.2 4.1 27.9
Cobalt   mg/kg  2.0 J  1.1 J 13.7 9.7  2.4 J  11.6 J  2.9 J  2.7 J  4.1 J
Copper   mg/kg 6.5  2.4 B 11.4 6.3 2.9 60.2 4.1 3 7.5
Iron   mg/kg  11800 J 4790 15900 6510  4080 J  9240 J  5700 J  4310 J  18400 J
Lead   mg/kg 5.3 6.1 17.3 10.7 4.7 16.3 8 3.5 8.8
Magnesium   mg/kg  292 J 145 736 325  97.8 J  677 J  330 J  343 J  1100 J
Manganese   mg/kg  121 J 25 419 250  52.8 J  406 J  99.2 J  73.7 J  154 J
Mercury   mg/kg  0.017 J  0.0079 J  0.054 J 0.063  0.017 J 0.3  0.024 J  0.015 J  0.018 J
Nickel   mg/kg  3.0 J  2 J 9.8 6.5  2 J  11.2 J  4.1 J  3.3 J  7.9 J
Potassium   mg/kg  196 J 198 873 367  71.8 J  325 J  160 J  152 J  372 J
Silver   mg/kg  1.1 B <1.7 <3.2 <2.3  0.42 B 16.7  0.78 B  0.68 B  1.5 B
Sodium   mg/kg  10.5 J  14.4 B  43.8 B  55 J  8.7 J  25.6 J  15.2 J  53.0 J  38.1 J
Thallium   mg/kg <0.124 <0.118 <0.294 <0.189 <0.120  0.0943 J <0.118 <0.124 <0.131
Vanadium   mg/kg  18.9 J 13 30.7 15.4  10.6 J  19.3 J  13.3 J  7.0 J  27.7 J
Zinc   mg/kg 14.8 12.8 108 78.1 40.3 219 16.7 15 27.9
PCBs
Aroclor 1260   mg/kg NA NA NA 0.062 NA NA NA NA NA
PESTICIDES
Methoxychlor   mg/kg NA NA NA  .081 J NA NA NA NA NA
Percent Solids   Percent 87.5 89.8 40.5 53.9 92.2 82.7 94.6 77.5 77.8
Notes provided on last page.
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Data Gaps Investigation Report

Table 3-15 
Installation-Wide Sediment Sampling Results

Shaw Environmental, Inc.

Associated Site: Central Creek Central Creek Central Creek Central Creek Central Creek Central Creek Central Creek Harrison Bayou Saunders Branch Saunders Branch Saunders Branch
Location Code: IWSD10 IWSD11 IWSD12 IWSD13 IWSD14 IWSD15 IWSD16 IWSD17 IWSD18 IWSD19 IWSD20

Sample Number: IWSD10 IWSD11 IWSD12 IWSD13 IWSD14 IWSD15 IWSD16 IWSD17 IWSD18 IWSD19 IWSD20
Sample Date: 9/17/2004 9/16/2004 9/16/2004 9/16/2004 9/16/2004 9/17/2004 9/17/2004 9/16/2004 9/15/2004 9/15/2004 9/15/2004

Start Depth: 0 0 0 0 0 0 0 0 0 0 0
End Depth: 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

UNITS REG REG REG REG REG REG REG REG REG REG REG
DIOXINS & FURANS
1,2,3,4,6,7,8-Heptachlorodibenzofuran   ng/kg NA NA NA NA NA 4.77 NA NA NA NA NA
1,2,3,4,6,7,8-HpCDD   ng/kg NA NA NA NA NA 49.477 NA NA NA NA NA
1,2,3,4,7,8,9-Heptachlorodibenzofuran   ng/kg NA NA NA NA NA  0.463 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.87 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.307 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.967 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.287 J NA NA NA NA NA
1,2,3,7,8,9-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  1.261 J NA NA NA NA NA
1,2,3,7,8-Pentachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.137 J NA NA NA NA NA
1,2,3,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA NA NA <2.482 NA NA NA NA NA
2,3,4,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.479 J NA NA NA NA NA
2,3,4,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA NA NA  0.138 J NA NA NA NA NA
2,3,7,8-TCDD   ng/kg NA NA NA NA NA  0.319 J NA NA NA NA NA
Heptachlorodibenzofuran   ng/kg NA NA NA NA NA 15.737 NA NA NA NA NA
Heptachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 133.532 NA NA NA NA NA
Hexachloridibenzo-p-dioxin   ng/kg NA NA NA NA NA 22.339 NA NA NA NA NA
Hexachlorodibenzofuran   ng/kg NA NA NA NA NA 9.472 NA NA NA NA NA
Octachlorodibenzofuran   ng/kg NA NA NA NA NA 7.333 NA NA NA NA NA
Octachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA  2866.467 J NA NA NA NA NA
Pentachlorodibenzofuran   ng/kg NA NA NA NA NA 4.53 NA NA NA NA NA
Pentachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 2.375 NA NA NA NA NA
Tetrachlorodibenzofuran, Total   ng/kg NA NA NA NA NA 0.42 NA NA NA NA NA
Tetrachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 1.464 NA NA NA NA NA
METALS
Aluminum   mg/kg  2940 J  4070 J  6560 J  4810 J  7980 J  2260 J  13900 J 3190 1120 3270 5020
Antimony   mg/kg  0.26 B  0.35 B  0.44 B  0.48 B  0.5 B  0.40 B  1.0 B  1.4 UJL  0.072 B  1.3 UJL  1.3 UJL
Arsenic   mg/kg 1.5 1.3 2.2 2.7 3.2  1.1 J 6 2  0.51 J 3.2 2.6
Barium   mg/kg 65.4 85.2 106 66.3 299 44.5 208 72.3 42.6 131 168
Beryllium   mg/kg  0.35 J 0.42 0.44 0.4 1.2  0.31 J 1 0.45  0.21 J 0.69 1.1
Cadmium   mg/kg <0.35  0.11 J  0.009 J  0.025 J  0.23 J  0.029 J  0.23 J  0.03 J  0.0082 J  0.025 J  0.062 J
Calcium   mg/kg  337 J  501 J  1410 J  527 J  1920 J  502 J  1960 J 724 168 452 1050
Chromium   mg/kg 4 6.1 6.8 9.5 8.7 4.7 17.3 4.6 2.5 4.7 10
Cobalt   mg/kg  3.1 J  2.1 J  3.5 J  2.7 J  10.6 J  5.1 J  17.9 J 8.7 2.9 11.7 10.9
Copper   mg/kg 3 3.6 3.2 2.5 8.4 2.5 14.1 3.4  1.1 B  1.7 B 4.8
Iron   mg/kg  2940 J  2970 J  5940 J  6310 J  6110 J  4630 J  13900 J 3810 1850 7780 9430
Lead   mg/kg 6.8 9.2 10.5 7.4 17.1 5.6 24.5 8.6 4.3 13.2 14.9
Magnesium   mg/kg  323 J  255 J  687 J  268 J  715 J  390 J  1550 J 414 88.6 207 319
Manganese   mg/kg  65.0 J  149 J  408 J  134 J  530 J  119 J  280 J 200 68.4 733 309
Mercury   mg/kg  0.022 J 0.039  0.031 J  0.015 J 0.094  0.012 J 0.12  0.039 J  0.011 J  0.023 J  0.031 J
Nickel   mg/kg  3.5 J  3.3 J  4.4 J  3.1 J  11.4 J  3.8 J  18.6 J 4.6  1.7 J 4.5 5
Potassium   mg/kg  194 J  209 J  363 J  297 J  395 J  182 J  888 J 274 142 309 413
Silver   mg/kg  0.29 B  0.24 B  0.35 B  0.46 B  0.55 B  0.47 B  1.1 B <2.1 <1.8 <1.9 <1.9
Sodium   mg/kg  35.7 J <53.0  21.0 J  12 J  18.8 J  44.1 J 201 139  20.1 B  30.7 B 72.3
Thallium   mg/kg <0.143 <0.128 <0.119 <0.122 <0.154 <0.144 <0.260 <0.156 <0.145  0.0684 J <0.182
Vanadium   mg/kg  9.3 J  10.3 J  14.3 J  15.2 J  16.5 J  8.8 J  31.1 J 11 4.9 12.4 28.5
Zinc   mg/kg 9.7 31.6 20 13.6 51.4 17.6 82.6 10.5 5.4 11.5 14.9
PCBs
Aroclor 1260   mg/kg NA NA NA NA NA <.047 NA NA NA NA NA
PESTICIDES
Methoxychlor   mg/kg NA NA NA NA NA <.024 NA NA NA NA NA
Percent Solids   Percent 74.6 81.5 91.4 79 69.1 70.9 41.8 64.2 65.1 71.9 62.5
Notes:
J                Concentration is estimated
H                Result may be biased high
NA             Not analyzed
U                Undetected
L                Result may be biased low
mg/kg        milligrams per kilograms
µg/L           micrograms per liter
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Data Gaps Investigation Report Shaw Environmental, Inc.

Associated Site: Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Goose Prairie Creek Central Creek Central Creek Central Creek
Location Code: IWSD01 IWSD02 IWSD03 IWSD04 IWSD05 IWSD06 IWSD07 IWSD08 IWSD09

Sample Number: IWSD01 IWSD02 IWSD03 IWSD04 IWSD05 IWSD06 IWSD07 IWSD08 IWSD09
Sample Date: 9/16/2004 9/17/2004 9/16/2004 9/16/2004 9/16/2004 9/16/2004 9/17/2004 9/17/2004 9/17/2004
Start Depth: 0 0 0 0 0 0 0 0 0

DIOXINS & FURANS
1,2,3,4,6,7,8-Heptachlorodibenzofuran   ng/kg NA NA NA 9.011 NA NA NA NA NA
1,2,3,4,6,7,8-HpCDD   ng/kg NA NA NA 124.036 NA NA NA NA NA
1,2,3,4,7,8,9-Heptachlorodibenzofuran   ng/kg NA NA NA  0.813 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  1.133 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin   ng/kg NA NA NA  0.851 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA  2.295 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  0.621 J NA NA NA NA NA
1,2,3,7,8,9-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA 3.122 NA NA NA NA NA
1,2,3,7,8-Pentachlordibenzo-p-dioxin   ng/kg NA NA NA  0.444 J NA NA NA NA NA
1,2,3,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA  0.236 J NA NA NA NA NA
2,3,4,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA  1.04 J NA NA NA NA NA
2,3,4,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA  0.7 J NA NA NA NA NA
2,3,7,8-TCDD   ng/kg NA NA NA  0.369 J NA NA NA NA NA
Heptachlorodibenzofuran   ng/kg NA NA NA 22.774 NA NA NA NA NA
Heptachlorodibenzo-p-dioxin   ng/kg NA NA NA 308.573 NA NA NA NA NA
Hexachloridibenzo-p-dioxin   ng/kg NA NA NA 62.89 NA NA NA NA NA
Hexachlorodibenzofuran   ng/kg NA NA NA 13.444 NA NA NA NA NA
Octachlorodibenzofuran   ng/kg NA NA NA 18.962 NA NA NA NA NA
Octachlorodibenzo-p-dioxin   ng/kg NA NA NA  5960.133 J NA NA NA NA NA
Pentachlorodibenzofuran   ng/kg NA NA NA 16.063 NA NA NA NA NA
Pentachlorodibenzo-p-dioxin   ng/kg NA NA NA 8.493 NA NA NA NA NA
Tetrachlorodibenzofuran, Total   ng/kg NA NA NA 8.465 NA NA NA NA NA
Tetrachlorodibenzo-p-dioxin   ng/kg NA NA NA 3.741 NA NA NA NA NA
METALS 
Aluminum   mg/kg  3470 J 2420 9790 7090  2040 J  10500 J  2920 J  1640 J  6240 J
Antimony   mg/kg  0.75 B  0.3 B  0.22 B  0.23 B  0.36 B  1.0 B  0.31 B  0.43 B  0.96 B
Arsenic   mg/kg 2.4 2 4.6 2.6 1.5 3.6 2.2  1.0 J 4.7
Barium   mg/kg 39.5 69.2 174 105 30.7 161 66.1 28.2 74.4
Beryllium   mg/kg 0.32  0.21 J 0.8 0.69  0.23 J 0.93 0.39  0.25 J 0.83
Cadmium   mg/kg  0.035 J <0.33  0.22 J  0.078 J  0.028 J 0.53  0.041 J <0.40  0.11 J
Calcium   mg/kg  540 J 359 1860 659  269 J  2530 J  1060 J  362 J  1560 J
Chromium   mg/kg 10 8 13.2 7.6 5.8 14.4 6.2 4.1 27.9
Cobalt   mg/kg  2.0 J  1.1 J 13.7 9.7  2.4 J  11.6 J  2.9 J  2.7 J  4.1 J
Copper   mg/kg 6.5  2.4 B 11.4 6.3 2.9 60.2 4.1 3 7.5
Iron   mg/kg  11800 J 4790 15900 6510  4080 J  9240 J  5700 J  4310 J  18400 J
Lead   mg/kg 5.3 6.1 17.3 10.7 4.7 16.3 8 3.5 8.8
Magnesium   mg/kg  292 J 145 736 325  97.8 J  677 J  330 J  343 J  1100 J
Manganese   mg/kg  121 J 25 419 250  52.8 J  406 J  99.2 J  73.7 J  154 J
Mercury   mg/kg  0.017 J  0.0079 J  0.054 J 0.063  0.017 J 0.3  0.024 J  0.015 J  0.018 J
Nickel   mg/kg  3.0 J  2 J 9.8 6.5  2 J  11.2 J  4.1 J  3.3 J  7.9 J
Potassium   mg/kg  196 J 198 873 367  71.8 J  325 J  160 J  152 J  372 J
Silver   mg/kg  1.1 B <1.7 <3.2 <2.3  0.42 B 16.7  0.78 B  0.68 B  1.5 B
Sodium   mg/kg  10.5 J  14.4 B  43.8 B  55 J  8.7 J  25.6 J  15.2 J  53.0 J  38.1 J
Thallium   mg/kg <0.124 <0.118 <0.294 <0.189 <0.120  0.0943 J <0.118 <0.124 <0.131
Vanadium   mg/kg  18.9 J 13 30.7 15.4  10.6 J  19.3 J  13.3 J  7.0 J  27.7 J
Zinc   mg/kg 14.8 12.8 108 78.1 40.3 219 16.7 15 27.9
PCBs
Aroclor 1260   mg/kg NA NA NA 0.062 NA NA NA NA NA
PESTICIDES
Methoxychlor   mg/kg NA NA NA  .081 J NA NA NA NA NA
Percent Solids   Percent 87.5 89.8 40.5 53.9 92.2 82.7 94.6 77.5 77.8

Notes provided on last page

Table 3-16
Installation-Wide Surface Water Sampling Results
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Data Gaps Investigation Report Shaw Environmental, Inc.

Associated Site: Central Creek Central Creek Central Creek Central Creek Central Creek Central Creek Central Creek Harrison Bayou Saunders Branch Saunders Branch Saunders Branch
Location Code: IWSD10 IWSD11 IWSD12 IWSD13 IWSD14 IWSD15 IWSD16 IWSD17 IWSD18 IWSD19 IWSD20

Sample Number: IWSD10 IWSD11 IWSD12 IWSD13 IWSD14 IWSD15 IWSD16 IWSD17 IWSD18 IWSD19 IWSD20
Sample Date: 9/17/2004 9/16/2004 9/16/2004 9/16/2004 9/16/2004 9/17/2004 9/17/2004 9/16/2004 9/15/2004 9/15/2004 9/15/2004
Start Depth: 0 0 0 0 0 0 0 0 0 0 0

DIOXINS & FURANS
1,2,3,4,6,7,8-Heptachlorodibenzofuran   ng/kg NA NA NA NA NA 4.77 NA NA NA NA NA
1,2,3,4,6,7,8-HpCDD   ng/kg NA NA NA NA NA 49.477 NA NA NA NA NA
1,2,3,4,7,8,9-Heptachlorodibenzofuran   ng/kg NA NA NA NA NA  0.463 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.87 J NA NA NA NA NA
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.307 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.967 J NA NA NA NA NA
1,2,3,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.287 J NA NA NA NA NA
1,2,3,7,8,9-Hexachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  1.261 J NA NA NA NA NA
1,2,3,7,8-Pentachlordibenzo-p-dioxin   ng/kg NA NA NA NA NA  0.137 J NA NA NA NA NA
1,2,3,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA NA NA <2.482 NA NA NA NA NA
2,3,4,6,7,8-Hexachlorodibenzofuran   ng/kg NA NA NA NA NA  0.479 J NA NA NA NA NA
2,3,4,7,8-Pentachlorodibenzofuran   ng/kg NA NA NA NA NA  0.138 J NA NA NA NA NA
2,3,7,8-TCDD   ng/kg NA NA NA NA NA  0.319 J NA NA NA NA NA
Heptachlorodibenzofuran   ng/kg NA NA NA NA NA 15.737 NA NA NA NA NA
Heptachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 133.532 NA NA NA NA NA
Hexachloridibenzo-p-dioxin   ng/kg NA NA NA NA NA 22.339 NA NA NA NA NA
Hexachlorodibenzofuran   ng/kg NA NA NA NA NA 9.472 NA NA NA NA NA
Octachlorodibenzofuran   ng/kg NA NA NA NA NA 7.333 NA NA NA NA NA
Octachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA  2866.467 J NA NA NA NA NA
Pentachlorodibenzofuran   ng/kg NA NA NA NA NA 4.53 NA NA NA NA NA
Pentachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 2.375 NA NA NA NA NA
Tetrachlorodibenzofuran, Total   ng/kg NA NA NA NA NA 0.42 NA NA NA NA NA
Tetrachlorodibenzo-p-dioxin   ng/kg NA NA NA NA NA 1.464 NA NA NA NA NA
METALS 
Aluminum   mg/kg  2940 J  4070 J  6560 J  4810 J  7980 J  2260 J  13900 J 3190 1120 3270 5020
Antimony   mg/kg  0.26 B  0.35 B  0.44 B  0.48 B  0.5 B  0.40 B  1.0 B  1.4 UJL  0.072 B  1.3 UJL  1.3 UJL
Arsenic   mg/kg 1.5 1.3 2.2 2.7 3.2  1.1 J 6 2  0.51 J 3.2 2.6
Barium   mg/kg 65.4 85.2 106 66.3 299 44.5 208 72.3 42.6 131 168
Beryllium   mg/kg  0.35 J 0.42 0.44 0.4 1.2  0.31 J 1 0.45  0.21 J 0.69 1.1
Cadmium   mg/kg <0.35  0.11 J  0.009 J  0.025 J  0.23 J  0.029 J  0.23 J  0.03 J  0.0082 J  0.025 J  0.062 J
Calcium   mg/kg  337 J  501 J  1410 J  527 J  1920 J  502 J  1960 J 724 168 452 1050
Chromium   mg/kg 4 6.1 6.8 9.5 8.7 4.7 17.3 4.6 2.5 4.7 10
Cobalt   mg/kg  3.1 J  2.1 J  3.5 J  2.7 J  10.6 J  5.1 J  17.9 J 8.7 2.9 11.7 10.9
Copper   mg/kg 3 3.6 3.2 2.5 8.4 2.5 14.1 3.4  1.1 B  1.7 B 4.8
Iron   mg/kg  2940 J  2970 J  5940 J  6310 J  6110 J  4630 J  13900 J 3810 1850 7780 9430
Lead   mg/kg 6.8 9.2 10.5 7.4 17.1 5.6 24.5 8.6 4.3 13.2 14.9
Magnesium   mg/kg  323 J  255 J  687 J  268 J  715 J  390 J  1550 J 414 88.6 207 319
Manganese   mg/kg  65.0 J  149 J  408 J  134 J  530 J  119 J  280 J 200 68.4 733 309
Mercury   mg/kg  0.022 J 0.039  0.031 J  0.015 J 0.094  0.012 J 0.12  0.039 J  0.011 J  0.023 J  0.031 J
Nickel   mg/kg  3.5 J  3.3 J  4.4 J  3.1 J  11.4 J  3.8 J  18.6 J 4.6  1.7 J 4.5 5
Potassium   mg/kg  194 J  209 J  363 J  297 J  395 J  182 J  888 J 274 142 309 413
Silver   mg/kg  0.29 B  0.24 B  0.35 B  0.46 B  0.55 B  0.47 B  1.1 B <2.1 <1.8 <1.9 <1.9
Sodium   mg/kg  35.7 J <53.0  21.0 J  12 J  18.8 J  44.1 J 201 139  20.1 B  30.7 B 72.3
Thallium   mg/kg <0.143 <0.128 <0.119 <0.122 <0.154 <0.144 <0.260 <0.156 <0.145  0.0684 J <0.182
Vanadium   mg/kg  9.3 J  10.3 J  14.3 J  15.2 J  16.5 J  8.8 J  31.1 J 11 4.9 12.4 28.5
Zinc   mg/kg 9.7 31.6 20 13.6 51.4 17.6 82.6 10.5 5.4 11.5 14.9
PCBs
Aroclor 1260   mg/kg NA NA NA NA NA <.047 NA NA NA NA NA
PESTICIDES
Methoxychlor   mg/kg NA NA NA NA NA <.024 NA NA NA NA NA
Percent Solids   Percent 74.6 81.5 91.4 79 69.1 70.9 41.8 64.2 65.1 71.9 62.5
Notes:
J               Concentration is estimated
H               Result may be biased high
L               Result may be biased low
NA            Not analyzed
U              Not detected
mg/kg       milligrams per kilograms
µg/L         micrograms per liter

Table 3-16
Installation-Wide Surface Water Sampling Results

PARAMETER

TERC No. DACA56-94-D-0020, TO No. 0109
Longhorn Army Ammunition Plant, Karnack, Texas Page 2 of 2

Shaw Project No. 845714
4/27/2007

00044881
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during Data Gaps Investigation in
    August - September, 2004.
4. Groundwater contour elevations are based on
    data collected from shallow monitoring wells at
    LHAAP-04 and LHAAP-35A.
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1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
4. The data indicate that the shallow and intermediate
    zones may be interconnected with a downward
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1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
4. The data indicate that the shallow and intermediate
    zones may be interconnected with a downward
    vertical gradient between the two zones.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
4. 170-foot groundwater elevation contour was inferred
    based on Figure 3-13 Installation-Wide Groundwater
    Elevation Map (Shallow Zone).
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
4. Contours were generated utilizing LHAAP-35C(53)
    and LHAAP-48 groundwater elevation data (see
    Figure 3-7 and Figure 3-13).
5. 170-foot groundwater elevation contour was inferred
    based on Figure 3-13 Installation-Wide Groundwater
    Elevation Map (Shallow Zone).
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Notes:
1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
2. Groundwater contour elevations reported in feet.
3. Yellow highlighted groundwater monitoring wells
    were sampled during data gaps investigation in
    August - September, 2004.
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1. All contours were generated using ArcGIS 8.3
    (Spline as interpolation algorithm).
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    were sampled during data gaps investigation in
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2. Groundwater contour elevations reported in feet.
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1. Contamination plume extents are based on 
    TCEQ's Medium Specific Concentrations, 
    updated March 31, 2004 or EPA Maximum
    Contaminant Levels.
2. Yellow highlighted groundwater monitoring
    wells were sampled in August - September,
    2004 during data gaps investigation.
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Concentration Map (Shallow Zone)
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1. Contamination plume extents are based on 
    TCEQ's Medium Specific Concentrations, 
    updated March 31, 2004 or EPA Maximum
    Contaminant Levels.
2. Yellow highlighted groundwater monitoring
    wells were sampled in August - September,
    2004 during Data Gaps Investigation.
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4.0 Summary and Findings 

This section discusses the findings and summarizes the data collected during the data gaps 
investigation activities.  The objective of the data gaps investigation, to collect data that 
facilitates a better understanding of the nature and extent of groundwater, soil, surface water, and 
sediment contamination at LHAAP, has been achieved.  For detailed discussions of analytical 
results and localized groundwater gradients regarding these sites, please refer to Section 3.0 of 
this report. 

4.1 Groundwater Elevation 
Groundwater elevation and gradient maps were prepared where sufficient data points were 
available.  Groundwater elevation data indicate that the shallow and intermediate zones are likely 
interconnected at some sites, such as LHAAP-17 and LHAAP-47.  The two zones may be 
distinct at other sites (e.g., LHAAP-29). 

4.2 Analytical Data Summary 
4.2.1 LHAAP-04 
Groundwater was collected from three monitoring wells at LHAAP-04 and analyzed for 
perchlorate.  No perchlorate was detected in any of the samples. 

4.2.2 LHAAP-17 
Groundwater was collected from 12 monitoring wells at LHAAP-17 and analyzed for explosives, 
perchlorate, and VOCs.  Contaminant constituents were observed above the laboratory detection 
limit in 4 of the 12 monitoring wells. 

The explosive p-Nitrotoluene was observed in small concentrations in the monitoring wells at 
LHAAP-17. 

Perchlorate was observed in the shallow zone in monitoring wells 17WW01, 17WW10, and 
17WW12.  The perchlorate contaminant plume in the shallow zone is not well defined to the 
north or south of the site.  As discussed previously, the groundwater flow direction in the shallow 
zone varies form northwest to northeast.  Offsite migration of perchlorate to the northwest is 
indicated by the current data.  LHAAP-18/24 exists to the northeast of LHAAP-17 with elevated 
concentrations of perchlorate in the groundwater.  Perchlorate contamination is thus defined to 
the northeast.  The maximum perchlorate concentration is found in 17WW01, a shallow well 
installed near the central portion of LHAAP-17. 

Perchlorate has migrated to the deeper groundwater-bearing zone, as evidenced by analytical 
results from 17WW05, which is located to the west of 17WW01.  However, this appears to be 
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localized since perchlorate was not observed in the deep well, 17WW16, located approximately 
150 feet north of 17WW05 and near the second highest shallow concentration of perchlorate 
(from well 17WW10) observed at this site.  Since there are only two wells (17WW05 and 
17WW16) installed in the deep zone, the perchlorate contaminant plume in the deep groundwater 
zone can not be adequately established. 

VOCs were observed only in monitoring well 17WW01, installed in the shallow zone, with a 
TCE concentration of 7,000 µg/L.  TCE was non-detect in wells located to the north, northwest, 
and west of the site.  LHAAP-18/24 is present to the northeast of LHAAP-17 with elevated 
concentrations of TCE in the groundwater.  The extent of TCE contamination at LHAAP-17 thus 
appears to be defined. 

4.2.3 LHAAP-18/24 
One groundwater sample was collected from LHAAP-18/24 and analyzed for perchlorate and 
VOCs.  Perchlorate was not detected and only two VOCs (2-butanone and carbon disulfide) were 
detected at low concentrations in this well. 

4.2.4 LHAAP-29 
Groundwater was collected from 20 monitoring wells at LHAAP-29 and analyzed for explosives, 
perchlorate, and VOCs.  Contaminant constituents were observed above the laboratory detection 
limit in several of the monitoring wells. 

Six explosives were detected in shallow monitoring wells 29WW03, 29WW05, and 29WW20.  
The m-nitrotoluene contaminant plume is not defined to the southeast. 

Perchlorate was observed in monitoring wells 29WW05, 29WW15, 29WW22, and 29WW23, 
which are screened in the shallow groundwater-bearing zone.  Perchlorate appears to be 
migrating to the south-southeast following the groundwater gradient and has migrated to the 
intermediate and deep groundwater-bearing zones based on analytical results from intermediate 
well 29WW33 and deep well 29WW04.  Both wells are located in close proximity to each other 
in the southwestern portion of LHAAP-29. 

Methylene chloride was detected in intermediate monitoring well 29WW16 at a concentration of 
7,300,000 µg/L.  This well is more centrally located at LHAAP-29.  There are no deep wells 
installed near 29WW16; therefore, the vertical extent is not defined at LHAAP-29. 

4.2.5 LHAAP-35A(58) 
Groundwater was collected from ten monitoring wells at LHAAP-35A(58) and analyzed for 
VOCs.  Tetrachloroethene is observed above the laboratory detection limit in monitoring well 
LHSMW05.  TCE is observed above the laboratory detection limit in two shallow monitoring 
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wells, LHSMW05 and LHSMW07.  There is no demonstrated vertical migration of contaminants 
to the intermediate or deep zones at LHAAP-35A(58). 

4.2.6 LHAAP-35B(37) 
Groundwater was collected from four monitoring wells at LHAAP-35B(37) and analyzed for 
VOCs.  TCE was detected in shallow monitoring well LHSMW58 and intermediate monitoring 
well LHSMW59.  Other contaminant concentrations were detected in LHSMW58; however, 
only tetrachloroethene was detected in addition to TCE in LHSMW59 and the value was 
reported as an estimated concentration of the constituent.  No other contaminants were observed 
in the other intermediate zone well (35BWW03) except for a low concentration of carbon 
disulfide. 

4.2.7 LHAAP-35C(53) 
Groundwater was collected from seven monitoring wells at LHAAP-35C(53) and analyzed for 
perchlorate and VOCs.  In addition, monitoring well LHSMW67 was analyzed for dioxins/furans 
and LHSMW71 was analyzed for metals, filtered and non filtered. 

No VOC or perchlorate was detected at LHAAP-35C(53).  Dioxins/furans were detected in 
LHSMW67 and several metals were detected in LHSMW71.  The differences in concentration 
values between the filtered and unfiltered metal samples support the conclusion that some metal 
constituents may attach to particulates in the sample and misleadingly inflate the concentration 
value. 

4.2.8 LHAAP-47 
Groundwater was collected from ten monitoring wells at LHAAP-47 and analyzed for 
perchlorate and VOCs.  No perchlorate was detected in the wells sampled at LHAAP-47.  Five 
VOCs (1,1-DCE, cis-1,2-DCE, trans-1,2-DCE, TCE, and vinyl chloride) were detected in the 
groundwater at LHAAP-47. 

TCE is known to reduce to 1,2-DCE and, likewise, 1,2-DCE reduces to vinyl chloride.  All three 
contaminant plumes exist in the shallow groundwater-bearing zone at LHAAP-47 and appear to 
follow the northeasterly groundwater gradient.  The lateral extent of the plume is not defined to 
the northeast.  VOCs (cis-1,2-dichloroethene, TCE, and vinyl chloride) were observed only in 
one intermediate monitoring well, 47WW14, near the central portion of LHAAP-47. 

4.2.9 LHAAP-48 
Groundwater samples were collected from three monitoring wells at LHAAP-48 and analyzed 
for dioxins/furans, perchlorate, and thallium.  Dioxins/furans and thallium were detected in the 
three wells, representing shallow and intermediate groundwater-bearing zones.  Perchlorate was 
not detected at LHAAP-48.  The sample turbidity ranged from 10 to 20 NTUs.  Elevated levels 
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of aluminum and iron are typically associated with highly turbid groundwater samples.  Since 
these data are unavailable, the effect of turbidity could not be evaluated. 

4.2.10 LHAAP-50 
Groundwater samples were collected from five monitoring wells at LHAAP-50 and analyzed for 
perchlorate and VOCs.  Soil samples were collected from eight borings and analyzed for 
perchlorate and VOCs. 

Perchlorate was detected in the groundwater, which flows towards the northeast.  Except for 
monitoring wells 50WW02 and 50WW06, perchlorate was not detected in any other 
groundwater sample collected from LHAAP-50. 

Perchlorate was also detected in the soil at LHAAP-50.  Soil, predominantly sandy clay, is 
impacted near the central portion of LHAAP-50 near a suspected former storage tank location.  
South Crocket Avenue, a northwest to southeast oriented road, transects LHAAP-50.  The 
contaminated soil was detected approximately 150 feet southwest of the road. 

VOCs were also detected in groundwater and soils from LHAAP-50.  VOCs in groundwater 
were observed in 50WW02 and 50WW03.  VOCs at or just above detection limits in soil were 
observed in soil borings 50SB11, 50SB12, 50SB13, 50SB14, 50SB15, and 50SB16. 

4.2.11 LHAAP-67 
Groundwater samples were collected from seven monitoring wells at LHAAP-67 and analyzed 
for VOCs.  VOCs were detected in a shallow monitoring well 67WW01, located in the central 
portion of LHAAP-67.  Groundwater flow at LHAAP-67 is to the southeast. 

Soil samples were collected from one soil boring at LHAAP-67 and analyzed for VOCs.  The 
only VOC detected, methylene chloride, a common laboratory contaminant, was detected at low 
concentrations. 

4.2.12 LHAAP-32 
Soil samples were collected from ten soil borings at LHAAP-32 and analyzed for explosives and 
metals.  Groundwater samples were collected from three monitoring wells and analyzed for 
explosives.  No explosives were detected in any of the groundwater samples. 

The only significant detection of explosives (2,4,6-trinitrotoluene) was observed at 0 to 1 foot 
bgs at 32SB22 with a concentration of 46 J mg/kg.  This boring is located within the former 
settling pond located in the southeast corner of LHAAP-32.  The only significant detection of 
lead was observed at 32SB20 with a concentration of 1,630 mg/kg.  This boring is located at the 
northeastern corner of the former treatment building.  Migration of these contaminants would be 
impeded due to the lithology of the soil (stiff clays) at LHAAP-32. 
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DEPARTMENT OF THE ARMY 
LONGHORN ARMY AMMUNITION PLANT 

POST OFFICE BOX 220 
RATCLIFF, AR 72951  

  
               May 14, 2007 

 
 
 
DAIM-BD-LO 
 
Mr. Steve Tzhone 
US Environmental Protection Agency 
Superfund Division (6SF-AT) 
1445 Ross Avenue 
Dallas, TX 75202-2733 
 
Re: Final Addendum 11, Monitored Natural Attenuation Sampling, LHAAP-16, -17, -29, -46, 

-47, -50 and -35A(58), Final Installation-Wide Work Plan, Longhorn Army Ammunition 
Plant, Karnack, Texas, May 2007 

 

Dear Mr. Tzhone, 
 
The above-referenced document is being transmitted to you for your review.   The document has 
been prepared by Shaw Environmental, Inc. (Shaw) on behalf of the Army as part of Shaw’s 
performance based contract for the facility.  The document has also been posted on Shaw’s 
LHAAP Project Portal.   
 
The point of contact for this action is the undersigned.  I ask that David Cobb, Shaw’s Project 
Manager, be copied on any communications related to the project.  I may be contacted at 479-
635-0110, or by email at rose.zeiler@us.army.mil. 
 
      Sincerely, 
       

       
      Rose M. Zeiler, Ph.D. 
      Longhorn AAP Site Manager 
 
Copies furnished: 
Fay Duke, TCEQ, Austin, TX  
Paul Bruckwicki, Caddo Lake NWR, TX 
Cliff Murray, COE – Tulsa District, OK 
John R. Lambert, COE – Tulsa District, OK 
David Cobb, Shaw – Stoughton, MA 
P. Srivastav, Shaw – Houston, TX (for project files) 
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DEPARTMENT OF THE ARMY 
LONGHORN ARMY AMMUNITION PLANT 

POST OFFICE BOX 220 
RATCLIFF, AR 72951  

  
   May 14, 2007 

 
 
 
DAIM-BD-LO 
 
Ms. Fay Duke 
Texas Commission on Environmental Quality 
TCEQ Environmental Cleanup Section II MC-221 
12100 Park 35 Circle 
Austin, TX 78753 
 
Re: Final Addendum 11, Monitored Natural Attenuation Sampling, LHAAP-16, -17, -29, -46, 

-47, -50 and -35A(58), Final Installation-Wide Work Plan, Longhorn Army Ammunition 
Plant, Karnack, Texas, May 2007 

 
Dear Ms. Duke, 
 
The above-referenced document is being transmitted to you for your review.   The document has 
been prepared by Shaw Environmental, Inc. (Shaw) on behalf of the Army as part of Shaw’s 
performance based contract for the facility.  The document has also been posted on Shaw’s 
LHAAP Project Portal.   
 
The point of contact for this action is the undersigned.  I ask that David Cobb, Shaw’s Project 
Manager be copied on any communications related to the project.   I may be contacted at 479-
635-0110, or by email at rose.zeiler@us.army.mil. 
 
      Sincerely, 

       
      Rose M. Zeiler, Ph.D. 
      Longhorn AAP Site Manager 
 
 
Copies furnished: 
Stephen Tzhone, USEPA Region 6, Dallas, TX  
Paul Bruckwicki, Caddo Lake NWR, TX 
Cliff Murray, COE – Tulsa District, OK 
John Lambert, COE – Tulsa District, OK 
David P. Cobb, Shaw – Stoughton, MA 
P. Srivastav, Shaw – Houston, TX (for project files) 
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Response to Comments 
Draft Addendum 11, Monitoring Natural Attenuation Sampling at LHAAP-16, LHAAP-17, LHAAP-29, LHAAP-46, LHAAP-47, 

 LHAAP-50, and LHAAP-35A(58), Longhorn Army Ammunition Plant, Karnack, Texas (February 2007) 
 

May 2007 
 

Reviewer:  Cliff Murray, USACE; Rose Zeiler, BRAC  
Respondents:  Shaw Environmental, Inc. 

 

1.  Respondent Concurs (C), Does Not Concur (D), Takes Exception (E), or Delete (X). 
2. Commenter Agrees (A) with response, or Does not Agree (D) with response. 

 

Comment # Page Section/ 
Paragraph Comment C, D1, 

E or X Response A or 
D2

Comments from Cliff Murray, USACE received 3/9/07 

1  Figures “I have no comments other than that for Figure 1-1 and 
2. -5 the boundary used for LHAAP-58 is the overly 
large boundary that was discussed in a memo earlier 
this year.  I believe that the revised boundary should 
be used.” 

C The boundary was changed according to the 
USACE memo regarding LHAAP-58. 

 

Comments from Rose Zeiler, BRAC received 3/9/07 

1  Table 2-2 I note that for Site 47, the MNA sampling is on the 
central and east portions of the site.  I recommend that 
sampling representative of the west side also be 
conducted, and that it be done in Well 47WW25 
because that well had a TCE detection of over 9,000 
ppb and has only been sampled once. 

C The well was added to Table 2-2.  Please note that 
the first round of sampling was completed in 
February 2007 before the comments were received 
on March 9, 2007.  This well will be sampled when 
we conduct the next round of sampling. 

 

 

Draft Addendum 11, MNA Sampling LHAAP-16, -17, -29, -46, -47, -50, -35A(58) Page 1 of 1  May 2007 
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FINAL 
ADDENDUM 11 

MONITORED NATURAL ATTENUATION SAMPLING 
LHAAP-16, -17, -29, -46, -47, -50, -35A(58) 

 
FINAL INSTALLATION-WIDE WORK PLAN 
LONGHORN ARMY AMMUNITION PLANT 

KARNACK, TEXAS 
 

 
 
 
 
 

  
 
 

 
Prepared for 

U.S. Army Corps of Engineers 
Tulsa District 

1645 South 101st Avenue 
Tulsa, Oklahoma 

 
 
 

Prepared by 
Shaw Environmental, Inc. 

3010 Briarpark Drive, Suite 400 
Houston, Texas 77042 

 
MARC No. W912QR-04-D-0027, Task Order No. DS02 

Shaw Project No. 117591 
 
 

May 2007 
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Final Addendum 11, Monitored Natural Attenuation Sampling, LHAAP-16, -17, -29, -46, -47, -50, -35A(58) Shaw Environmental, Inc. 
Final Installation-Wide Work Plan 

1.0 Introduction 

The U.S. Army Corps of Engineers (USACE), Tulsa District, contracted Shaw Environmental, 
Inc. (Shaw), under the Louisville District’s Multiple Award Remediation Contract (MARC) 
No. W912QR-04-D-0027, Task Order DS02, to attain remedy-in-place, operating properly and 
successfully, or response complete at 28 sites at the Longhorn Army Ammunition Plant 
(LHAAP) in Karnack, Texas.  This document is an addendum to the Final Installation-Wide 
Work Plan, Longhorn Army Ammunition Plant, Karnack, Texas (Shaw, 2006) (published 
separately) and presents the proposed approach for monitored natural attenuation (MNA) 
sampling at sites LHAAP-16, -17, -29, -46, -47, -50, -35A(58).  The approach presented in this 
document is intended to be generic and may be used for MNA sampling at other sites at LHAAP. 

The LHAAP is located in central-east Texas in the northeastern corner of Harrison County 
(Figure 1-1).  The facility occupies 8,493 acres between State Highway 42 in Karnack, Texas, 
and the western shore of Caddo Lake.  The nearest cities are Marshall, Texas, approximately 14 
miles to the southwest, and Shreveport, Louisiana, approximately 40 miles to the east.  Caddo 
Lake is a large freshwater lake that bounds LHAAP to the north and east.  The eastern fence of 
LHAAP is 3.5 miles from the Texas-Louisiana state border. 

1.1 Project Objectives 
The objective of this sampling event is to collect and analyze MNA groundwater samples from 
monitoring wells at designated sites located at LHAAP.  The results will be used in determining 
the effectiveness of MNA over time. MNA relies on natural biological, chemical, and physical 
processes that act to reduce the mass and concentration of groundwater contaminants of concern 
(COCs).  

The following water quality, chemical, and biological parameters will be collected: pH, 
oxidation-reduction potential, conductivity, temperature, dissolved oxygen, turbidity, total 
organic carbon, ferrous iron, nitrates, nitrites, chloride, sulfates, sulfides, methane, ethane, 
ethene, salinity, alkalinity, carbon dioxide, and dehalococcoides.  

Field conditions encountered during the work may warrant a change in the planned number of 
samples.  Such changes will be documented in the field log book.   

Changes to the sampling frequency, wells sampled, and analytical parameters will be proposed in 
performance monitoring reports as appropriate. 
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1.2 Site Description and History 
1.2.1 LHAAP-16 Site Description and History 
LHAAP-16 is a former landfill located in the south-central portion of LHAAP, immediately 
north of Avenue Q, and includes approximately 20 acres.  The site is bound to the northeast by 
Harrison Bayou and the outskirts are forested.  LHAAP-16 was used for disposal of solid and 
industrial waste (Jacobs Engineering Corporation [Jacobs], 2001).  Previous historical data 
indicate that the groundwater COCs are trichloroethylene (TCE) and perchlorate.  Under an 
interim remedial action Record of Decision, a landfill cover was constructed over the waste in 
1996-1997.   

1.2.2 LHAAP-17 Site Description and History 
LHAAP-17 is identified as the former Burning Ground No.2/Flashing Area.  Located in the 
southeastern section of LHAAP at the intersection of Scudday Avenue and Avenue Q, 
LHAAP-17 is heavily wooded and consists of low cleared areas separated by a gravel access 
road.  The site was used for burning bulk trinitrotoluene (TNT), photo flash powder, and reject 
material.  The waste residues were reportedly removed in 1984.  The site is currently inactive 
(Jacobs, 2002).  Volatile organic compounds (VOCs), perchlorate, and explosives are the COCs 
in the groundwater at LHAAP-17 (Jacobs, 2002). 

1.2.3 LHAAP-29 Site Description and History 
LHAAP-29, known as the former TNT Production Area, is a heavily wooded, 85-acre site in the 
western-central portion of the LHAAP installation.  The site is bounded by Avenue E on the 
southwest, Zeugner Drive (also known as 1st Street) on the northwest, and 18th Street on the 
southeast.  To the northeast, LHAAP-29 is partially bounded by Avenue D, but also includes the 
Bulk Toluene Storage Area, which is a wooded area that extends for approximately 500 feet 
northeast of Avenue D.  LHAAP-29 is currently inactive, but once contained five active and one 
standby TNT production lines.  Underground pipe lines and foundations of former production 
facilities are still in place at the site.  The underground pipe lines were originally constructed for 
cooling water drainage and TNT wastewater conveyance.  VOCs (predominantly methylene 
chloride), perchlorate, and explosives are the COCs in the groundwater at LHAAP-29 (Jacobs, 
2002). 

1.2.4 LHAAP-46 Site Description and History 
LHAAP-46, the Plant 2 Area, covers an area of approximately 190 acres and is located in the 
northwestern portion of LHAAP.  The site is bounded to the south-southwest by Avenue P, to the 
southeast and east by 11th Street and Raymer Street, to the north by the northern LHAAP 
property fence line, and to the west by a heavily wooded area.   
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Plant 2 was originally designed to produce JB-2 propellant fuel and construction began in 
November 1944.  Construction ceased in 1945 with the end of World War II.  In 1952, Plant 2 
was reactivated for the production of pyrotechnic devices.  The site produced pyrotechnic and 
illumination devices until approximately 1997.  Previous site investigations indicate that COCs 
in the groundwater at LHAAP-46 are VOCs (Jacobs, 2003).  

1.2.5 LHAAP-47 Site Description and History 
LHAAP-47 (Plant 3 Area) is located in the north-central portion of LHAAP to the southeast of 
LHAAP-46.  The site covers an area of approximately 275 acres.  LHAAP-47 is bounded to the 
east by Karnack Avenue, to the west by Avenue P, to the south by 51st Street, and to the north by 
62nd and 66th Streets.  The area consists of asphalt-paved roads and parking areas surrounding the 
Plant 3 buildings, with heavy vegetation and wooded areas to the north and northeast. 

Plant 3 construction was initiated in July 1953 and production of rocket motors began in 1954, 
continuing until the 1980s.  Some rocket motor production facilities were converted to produce 
pyrotechnic and illumination devices and were active until the late 1990s.  Previous site 
investigations indicate that TCE and perchlorate are COCs in the groundwater (Jacobs, 2003). 

1.2.6 LHAAP-50 Site Description and History 
Located in the north-central portion of LHAAP and occupying approximately 1 acre of land, 
LHAAP-50 is covered by grass, brush, and trees.  The site is bounded to the west by a drainage 
ditch, to the south by a former railroad bed to the east by South Crockett Avenue, and to the 
north by Goose Prairie Creek. 

A 47,000 gallon aboveground storage tank was once located on LHAAP-50.  The tank was used 
to store wastewater collected from industrial waste production sumps located at various sites 
throughout the installation.  COCs in the groundwater are TCE and perchlorate (Jacobs, 2003). 

1.2.7 LHAAP-35A(58) Site Description and History 
LHAAP-35A(58) is located in the north-central portion of LHAAP and covers an area of 
approximately 22 acres.  LHAAP-35A(58) is the location of a former Shop Area that was 
established in 1942.  The Shop Area fulfilled a broad range of support activities including a 
plant-operated laundry, and automotive, woodworking, metal working, painting, refrigeration, 
and electrical shops.  The site became inactive in 1996.  Previous investigations indicate that 
VOCs are COCs in the groundwater (Jacobs, 2003). 
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2.0 Field Activities 

Field activities at sites identified for MNA evaluation are divided into the following major tasks.  
Each task is described in the subsequent sections. 

Task 1 Mobilization and Site Setup 

Task 2 Groundwater Sampling 

Task 3 Investigation-Derived Waste Management 

Additional information regarding these tasks can be found in Final Installation-Wide Work Plan 
Appendix C, Chemical Data Acquisition Plan (CDAP) and Appendix D, Field Procedures 
(Shaw, 2006).  Field procedures described in this document are consistent with those employed 
previously at the site (Shaw, 2004). 

2.1 Task 1 — Mobilization and Site Setup 
Prior to the mobilization of field personnel to the installation, Shaw will notify the Texas 
Commission on Environmental Quality (TCEQ), the U.S. Environmental Protection Agency 
(USEPA), and LHAAP facility and Army personnel a minimum of ten business days in advance.   

2.2 Task 2 — Groundwater Sampling 
Shaw has currently identified wells at seven sites (LHAAP-16, LHAAP-17, LHAAP-29, 
LHAAP-46, LHAAP-47, LHAAP-50, and LHAAP-35A[58]) for collection and analysis of 
samples to evaluate MNA.  The well locations are highlighted in Figures 2-1 through 2-5.   

Sampling will take place at a sufficient frequency to adequately evaluate natural attenuating 
conditions at each site.  Prior to commencement of groundwater sampling, groundwater levels 
will be measured in accordance with Standard Operating Procedure (SOP) 02, Groundwater 
Level Measurements, (see Appendix A).  Table 2-1 provides an itemization of sample 
parameters, container requirements, sample methods, hold times, and preservative requirements 
for samples taken at each site.  The location of the duplicate samples will be determined in the 
field.  Table 2-2 shows the wells currently proposed to be sampled during MNA sampling 
events.  The wells to be sampled, the sampling frequency, and the parameters analyzed may be 
changed or revised as indicated in Section 1.0. 

Monitoring wells will be sampled using the low flow method.  The only exceptions will be slow 
recharging wells that go dry or drawdown significantly, whereby equilibrium cannot be 
maintained.  Procedures for low flow purging and sampling and alternative means are detailed in 
SOP 01, Groundwater Sampling, in Appendix A of this work plan addendum.  The equipment to 
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be used during sampling is presented in Table 2-3.  The major steps of groundwater sampling 
are as follows: 

• Prepare sampling site by laying out plastic sheeting on adjacent ground. 

• Calibrate field equipment and instruments and verify that they are in proper working 
order and record calibration in logbook. 

• Don required personal protective equipment as specified in the Health and Safety 
Plan, Appendix A of the Final Installation-Wide Work Plan (Shaw, 2006).  At a 
minimum, a fresh pair of non-powdered disposable gloves must be donned prior to 
initiating sampling activities and between each sample point. 

• Perform groundwater sampling in accordance with the CDAP, Appendix C of the 
Final Installation-Wide Work Plan (Shaw, 2006). 

• Record the sampling procedures on a Field Sampling Report or logbook. 

• Measure general water quality parameters (e.g., pH, conductivity, temperature, 
oxidation/reduction potential, turbidity, salinity) using field instrument(s) and record 
measurements on a Field Sampling Report or logbook.  Water quality parameters will 
be measured intermittently throughout the sampling process. 

• Measure ferrous iron with a Hach DR/850, DR/890or DR/850, DR/890 colorimeter.  
The steps for recording ferrous iron concentrations with the Hach DR/850, DR/890 
are as follows: 

1. Select program 33.  

2. Add 25 milliliters (mL) of groundwater purged from well to 40-mL volatile 
organic analysis vial. 

3. Press “zero” to calibrate. 

4. Add 1 pack of reagent for a 25 mL sample. 

5. Press timer.  This will set the timer for 3 minutes to allow the reagent to dissolve 
into the groundwater sample. 

6. After 3 minutes, press read. 

7. Record ferrous iron concentration. 

• Complete COC documentation as outlined in SOP 03, Non-Hazardous Sample 
Handling, Packaging, and Shipping (see Appendix A). 
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2.3 Task 3 — Investigation-Derived Waste Management 
Wastes generated during the proposed activities will include wastewater (from equipment 
decontamination and well purging) and miscellaneous wastes.  Management of the waste streams 
is described below. 

2.3.1 Wastewater 
Wastewater generated from equipment decontamination, purging, and well sampling will be 
stored in sealable containers, including 5-gallon buckets, 55-gallon drums, and/or larger 
containers.  Containers will be transported to the groundwater treatment plant at LHAAP-18/24 
for disposal and will be discharged into the influent stream of the plant.   

2.3.2 Miscellaneous Wastes 
Miscellaneous wastes include spent personnel protective equipment, high-density polyethylene 
sheeting, rags, paper towels, etc.  These wastes will not be characterized and will be placed in 
plastic bags for disposal as non-hazardous waste. 
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Shaw Environmental, Inc.

LHAAP-16, -46, -47, -50 Method Container Hold Time Preservative

VOCs 8260B 3 - 40 ml voa vial 7 days HCl
Perchlorate EPA 314.1 1-500 ml plastic 28 days None

pH
Oxidation-Reduction Potential

Conductivity
Temperature YSI NA NA NA

Dissolved Oxygen
Turbidity
Salinity

Total Organic Carbon 415.1 3 - 40 ml voa vial 28 days H2SO4

Alkalinity 310.1 1,000 ml plastic 14 days 4°C
Ferrous Iron Hach NA NA NA

Nitrates
Nitrites

Chloride
Sulfates
Sulfides 376.2 1-500 ml plastic 7 days Zn Acetate, 4°C

Methane
Ethane RSK 175 3 - 40 ml voa vial 14 days 4°C
Ethene

Carbon Dioxide RSK 175 3 - 40 ml voa vial 14 days 4°C

Dehalococcoides Shawd 2-L amber glass 7 days NA
Notes and Abbreviations:

VOCs analyzed by EPA Method 8260B.  Perchlorate anayzed by EPA Method 314.
a Parameter measured during field investigation, except for total organic carbon and alkalinity, which are sent to lab.
b Anions will be collected in same container with the exception of sulfides.
c  Gases will be collected in same containers.
C       degrees celcius
L        liter
mL     milliliter
NA     not applicable

VOA   volatile organic analysis
VOC   volatile organic compound

Table 2-1
Groundwater Parameter, Analytical Method, Container, Preservative and Holding Time

Contaminants

Water Quality a

Anions b

RSK   Method for analyzing dissolved gases

300 1-500 ml plastic 48 hours

Biological

Gases c

4°C
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Shaw Environmental, Inc.

LHAAP-17 and LHAAP-29 Method Container Hold Time Preservative

VOCs 8260B 3 - 40 mL voa vial 7 days HCl
Perchlorate EPA 314.1 1-500 mL plastic 28 days None
Explosives 8330a 1-L amber glass 7 days None

pH
Oxidation-Reduction Potential

Conductivity
Temperature YSI NA NA NA

Dissolved Oxygen
Turbidity
Salinity

Total Organic Carbon 415.1 3 - 40 mL voa vial 28 days H2SO4

Alkalinity 310.1 1,000 mL plastic 14 days 4°C
Ferrous Irona Hach NA NA NA

Nitrates
Nitrites

Chloride
Sulfates
Sulfides 376.2 1-500 mL plastic 7 days Zn Acetate, 4°C

Methane
Ethane RSK 175 3 - 40 mL voa vial 14 days 4°C
Ethene

Carbon Dioxide RSK 175 3 - 40 mL voa vial 14 days 4°C

Dehalococcoides Shawe 2-L amber glass 7 days NA
Notes and Abbreviations:

VOCs analyzed by EPA Method 8260B.  Perchlorate anayzed by EPA Method 314.  Explosives analyzed by EPA Method 8330.
a Method 8330 modified to include 2,6-Diamino-4-nitrotoluene and 2,4-Diamino-6-nitrotoluene.
b Parameter taken during field investigation (TOC and alkalinity sent to lab).
c Anions will be collected in same container with the exception of sulfides.
d  Gases will be collected in same containers.
e The method for detecting dehalococcoidies can be reveiwed in Appendix A.
C       degrees celcius
L        liters
mL     milliliters
NA     not applicable
RSK   Method for analyzing dissolved gases
VOA   volatile organic analysis
VOC   volatile organic compound

Contaminants

Water Quality b

Anions c

Gases d

Biological

300 1-500 ml plastic 48 hours 4°C

Table 2-1 (continued)
Groundwater Parameter, Analytical Method, Container, Preservative and Holding Time
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Shaw Environmental, Inc.

LHAAP-35A(58) Method Container Hold Time Preservative

VOCs 8260B 3 - 40 mL voa vial 7 days HCl

pH
Oxidation-Reduction Potential

Conductivity
Temperature YSI NA NA NA

Dissolved Oxygen
Turbidity
Salinity

Total Organic Carbon 415.1 3 - 40 mL voa vial 28 days H2SO4

Alkalinity 310.1 1,000 mL plastic 14 days 4°C
Ferrous Iron Hach NA NA NA

Nitrates 300 1-500 mL plastic 48 hours 4°C
Nitrites 300 1-500 mL plastic 48 hours 4°C

Chloride 300 1-500 mL plastic 48 hours 4°C
Sulfates 300 1-500 mL plastic 48 hours 4°C
Sulfides 376.2 1-500 mL plastic 7 days Zn Acetate, 4°C

Methane
Ethane RSK 175 3 - 4 mL voa vial 14 days 4°C
Ethene

Carbon Dioxide RSK 175 3 - 4 mL voa vial 14 days 4°C

Dehalococcoides Shawd 2-L amber glass 7 days NA
Notes and Abbreviations:

VOCs analyzed by EPA Method 8260B.
a Parameter taken during field investigation (TOC and alkalinity sent to lab).
b Anions will be collected in same container with the exception of sulfides.
c  Gases will be collected in same containers.
d The method for detecting dehalococcoidies can be reveiwed in Appendix A.
C       degrees celcius
L        liters
mL     milliliters
NA   not applicable
RSK   Method for analyzing dissolved gases
VOA   volatile organic analysis
VOC   volatile organic compound

Contaminants

Water Quality a

Anions b

Gases c

Biological

Table 2-1 (continued)
Groundwater Parameter, Analytical Method, Container, Preservative and Holding Time
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Shaw Environmental, Inc.

LHAAP-16 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth

( in feet)

Estimated Tube Length
(in feet) Well Selection Rationale

16WW12 S 14-24 19 22 assess lateral/downgradient extent of shallow groundwater
16WW22 S 21-31 26 29 assess lateral/downgradient extent of shallow groundwater
16WW13 S 14-24 19 22 assess lateral/downgradient extent of shallow groundwater
16WW16 S 19-29 24 27 assess groundwater at plume hotspot
16WW30 S 25-30 27.5 30.5 assess lateral/downgradient extent of shallow groundwater
16WW29 I 37-42 39.5 42.5 assess extent of intermediate groundwater
16WW25 I 39-49 44 47 assess extent of intermediate groundwater
16WW37 I 40.5-45.5 43 46 assess groundwater at plume hotspot
16WW36 S 16.5-21.5 19 22 assess groundwater at plume hotspot
16WW26 S 12.5-17.5 15 18 assess lateral/downgradient extent of shallow groundwater
16WW34 S 27-32 33 30 assess lateral/downgradient extent of shallow groundwater
16WW38 S 19-29 24 28 assess lateral/downgradient extent of shallow groundwater
16WW05 S 15.5-30.5 20.5 24 assess groundwater in the presumed upgradient direction

LHAAP-17 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

17WW16 D 141-151 146 149 assess extent of deep groundwater
17WW05 D 142-152 147 150 assess extent of deep groundwater
17WW10 S 20.5-30.5 25.5 28.5 assess lateral extent of shallow groundwater
17WW06 S 11-21 16 19 assess lateral extent of shallow groundwater
17WW12 I 5-15 10 13 assess extent of intermediate groundwater

130 S 8-23 15.5 18.5 assess lateral/downgradient extent of shallow groundwater
17WW01 S 10.8-30.8 20.8 23.8 assess groundwater at plume hotspot
17WW02 S 12-22 17 20 assess lateral/downgradient extent of shallow groundwater
17WW08 S 21-31 26 29 assess groundwater in the presumed upgradient direction

LHAAP-29 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

29WW15 S 20-30 25 28 assess groundwater at plume hotspot
29WW36 S 23-33 28 31 assess lateral/downgradient extent of shallow groundwater
29WW38 S 34-44 39 42 assess lateral extent of shallow groundwater
29WW06 S 22-32 27 30 assess lateral/downgradient extent of shallow groundwater
29WW35 I 85-95 90 93 assess extent of intermediate groundwater
29WW26 S 23-33 28 31 assess groundwater in the presumed upgradient direction

LHAAP-46 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

46WW02 I 35-45 40 43 assess extent of intermediate groundwater
LHSMW18 S 14.5-24.5 19.5 22.5 assess lateral extent of shallow groundwater
LHSMW19 S 16.6-26.6 21.6 24.6 assess lateral/downgradient extent of shallow groundwater
46WW04 S 14-24 19 22 assess lateral extent of shallow groundwater
46WW01 S 14-24 19 22 assess groundwater at plume hotspot

LHSMW22 S 21-31 36 39 assess lateral/downgradient extent of shallow groundwater
LHSMW23 I 18.4-38.4 28.4 31.4 assess extent of intermediate groundwater
LHSMW17 S 13.6-23.6 18 21 assess groundwater in the presumed upgradient direction

LHAAP-47 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

47WW13 S 8-18 13 16 assess lateral/downgradient extent of shallow groundwater
LHSMW43 S 9-19 24 27 assess groundwater at plume hotspot
47WW30 S 12.5-22.5 17.5 20.5 assess lateral/downgradient extent of shallow groundwater
47WW14 I 39-49 44 47 assess extent of intermediate groundwater
47WW09 I 28-38 33 36 assess extent of intermediate groundwater
47WW25 S 15-25 20 23 assess cross-gradient extent of shallow groundwater
47WW12 S 9-19 14 17 assess lateral extent of groundwater

LHSMW52 S 11.7-21.7 16 20 assess groundwater in the presumed upgradient direction

LHAAP-50 Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

50WW06 I 45-55 50 53 assess extent of intermediate groundwater
50WW02 S 9-19 14 17 assess groundwater at plume hotspot
50WW05 S 12-22 17 20 assess lateral/downgradient extent of shallow groundwater
50WW03 S 10-20 15 18 assess lateral extent of shallow groundwater
50WW04 S 10-20 15 18 assess groundwater in the presumed upgradient direction

LHAAP-35A(58) Zone Screened Interval  
(ft-btoc)

Approximate Pump 
Intake Depth Estimated Tube Length Well Selection Rationale

LHSMW05 S 11.9-21.9 16.9 19.9 assess groundwater at plume hotspot
LHSMW06 S 10-20 15 18 assess lateral extent of shallow groundwater
LHSMW07 S 17-27 22 25 assess lateral/downgradient extent of shallow groundwater
LHSMW04 S 18.2-28.2 23.2 26.2 assess lateral/downgradient extent of shallow groundwater
35AWW03 S 9-19 14 17 assess groundwater in the cross-gradient direction

Notes and Abbreviations:

Depths may vary depending upon water level
S      shallow D             deep
I       intermediate ft-btoc     feet below top of casing

Table 2-2
Proposed Wells to be Sampled During MNA Events

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas Page 1 of 1

Shaw Project No. 117591
May 2007
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Final Addendum 11, MNA Sampling, LHAAP-16, -17, -29, -46, -47, -50, -35A(58)
Final Installation-Wide Work Plan

Shaw Environmental, Inc.

Equipment Purpose of Equipment 
Hach DR/850 or DR/890 Measures ferrous iron concentration

YSI 6920 Measures water quality parameters including salinity, turbidity, D.O. (dissolved oxygen), pH, 
temperature, conductivity, and ORP (oxidation/reduction potential)

Air Compressor Provides air pressure for low flow purging
Water level meter Gauges groundwater elevation within the well
Air Regulator/ Control Box Allows for adjustment of pumping rates
Teflon Bladders Allow water intake while sampling
Bladder pumps Pump water to surface
4000 feet of HDPE 1/4-inch-diameter tubing Aids transport of groundwater from pump to surface
photoionization detector Provides selective determination of aromatic hydrocarbons
flame ionization detector Detects components from the groundwater which can be burned
HDPE high-density polyethylene

Table 2-3
Sample Equipment Requirements

MARC No. W912QR-04-D-0027, TO No. DS02
Longhorn Army Ammunition Plant, Karnack, Texas Page 1 of 1

Shaw Project No. 117591
May 2007
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• SOP 06 Field Data Collection for Natural Attenuation 
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These standard project procedures are applicable to all members of Shaw Environmental, Inc. 

 

SHAW STANDARD OPERATING PROJECT PROCEDURE  
LONGHORN ARMY AMMUNITION PLANT 
ATTACHMENT 1 
Subject:  GROUNDWATER SAMPLING  
 
1.0 PURPOSE AND SUMMARY 

This Standard Operating Project Procedure (SOPP) establishes guidelines and procedures for 
use by field personnel in sampling monitoring well groundwater. 

 
A consistently implemented groundwater sampling procedure will help ensure data 
comparability between different sampling events and between sites. One of the following 
methods shall be used to collect groundwater samples.  The method to be used shall depend 
upon the site conditions or requirements of the work plan.  The low-flow method shall be 
used unless other methods are specified or approved for special circumstances. 

 
(a) Low-flow purge and sample using a submersible bladder pump. 

The method involves purging the well at low-flow rates until water quality parameters 
stabilize or are within acceptable ranges, and collecting the sample at the same low 
flow rates.  This method should be used by default unless the site conditions or the 
work plan require using a different method.  A bladder pump is preferred for low flow 
sampling; however, other pumps (e.g., peristaltic pump) may be acceptable depending 
upon the objective of the sampling. 

 
(b) Volume purge and sample using a bailer.. 

The method involves purging a fixed number of well volumes using a bailer.  Purging 
is continued until at least 3 well volumes are purged and the parameters have stabilized. 
 This method shall be used in lieu of the low-flow method, only if warranted by the site 
conditions (e.g., bent well casing).  A bailer may also be used for collecting sample 
from a well that goes dry even at the slowest pumping rate during low-flow purging.  In 
such a case, the well is pumped dry and sample is collected with a bailer as soon as 
sufficient quantity of water has accumulated in the well.  This method shall be used 
only if specified in the work plan or approved by a task manager or the technical lead.   

 
The low-flow purge and sample method shall be used as a default method for collecting 
groundwater samples for chemical analysis.  The use of method (b) will be restricted only to 
special circumstances, either if specified in t he work plan or if warranted by site conditions. 
 If site conditions warrant the use of method (b), prior approval from the technical lead is 
required and the approving person must be identified in the sample collection log. 

 
1.1 Low-Flow Purge and Sample  

Introduction.  The low-flow (minimum drawdown, micropurging) sampling method 
is based upon the premise that a pump located within the screened interval of a well 
and pumping at a rate corresponding to the hydraulic conductivity of the formation, 
will rapidly establish a horizontal laminar flow of groundwater and withdraw fresh 
formation water without significant mixing or dewatering of the stagnant casing water 
in the well (U.S. Army Corps of Engineers, 1995).  The low flow method aims to 
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minimize well water turbidity which may be caused by resuspension of well 
sediments or additional development of the formation during high speed pumping. 

 
Establishment of a low flow regime will be ensured by carefully monitoring the 
drawdown because excessive drawdown indicates that the pump is withdrawing 
stagnant casing water.  The maximum drawdown allowed will be 0.3 feet (4 inches).  
During purging, the flow rate will typically be maintained within the range of 0.1-0.5 
liter/minute (L/min).  The flow rate will be decreased further if the drawdown 
exceeds 0.3 feet.  Flow rates up to 1 L/min may be used in purging some high 
yielding residuum aquifers, if the drawdown remains within the allowable limit of 0.3 
feet.  Flow rates greater than 1 L/min may be allowed in bedrock wells where the well 
may be screened across a cavity, with the limitation of the maximum drawdown.  
However, the flow rate in all cases must be slowed down to 0.1 to 0.3 L/min during 
sampling to prevent turbulence and aeration of water. 
 
If excessive drawdown is noted using the lowest possible pump rate, then the low-
flow method is not applicable.  In such a case, the well will be pumped dry once and 
sample will be collected with a bailer as soon as adequate quantity of water for 
samples is available. 

 
2.0 RESPONSIBILITY MATRIX 
 

2.1 Site Manager 
The Site Manager or Field Team Leader, is responsible for ensuring that field 
activities are completed to meet the project objectives, that they are conducted in 
accordance with the project plans and requirements, and that all activities are 
performed according to the respective procedures. The Site Manager is responsible 
for ensuring that all site personnel are trained in the procedures, that the procedures 
are adhered to, and that all activities are documented. 
 

2.2 Field Team 
All members of the field team (samplers, technicians, field geologists, engineers, etc.) 
are responsible for understanding and implementing this field procedure as well as 
ensuring that all team members also perform work in accordance with this procedure. 
 

3.0 DEFINITIONS 
Bailer.  A bailer is an enclosed cylindrical tube containing a floating ball check-valve at the 
bottom.  Lowering the bailer into water causes the ball to float allowing water to enter the 
cylinder.  Raising the bailer through the water causes the ball to settle, creating a seal to trap 
the water so that it can be brought to the surface. 
 
Bladder Pump.  A bladder pump is an enclosed cylindrical tube containing a flexible 
membrane bladder.  Well water enters the bladder through a one-way check-valve at the 
bottom.  Gas is forced into the annular space (positive displacement) surrounding the bladder 
through a gas supply line. The gas displaces the well water through a one-way check-value at 
the top.  The water is brought to the surface through a water discharge line. The gas (air or 
nitrogen) is provided by compressors or compressed gas cylinders. 
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Peristaltic Pump.  A peristaltic pump is a self-priming, low volume pump consisting of a 
rotor and ball bearing rollers.  Tubing placed around the rotors is squeezed by the rotors as 
they revolve.  The squeezing produces a wavelike contractual movement which causes water 
to be drawn through the tubing.  The peristaltic pump is limited to sampling at depths of less 
than 25 feet. 
 
Purging.  The process of evacuation of the static water in the monitoring well to allow 
formation water to flow into the well.  The aim of purging a well before sampling is to obtain 
a sample that is representative of the groundwater in the soil or rock formation. Purging can 
be accomplished either by utilizing low-flow purge or volume purge methods.  In the low-
flow purge method, water is pumped at a slow rate to establish a horizontal laminar flow to 
draw water from the formation without drawing in the stagnant casing water.  Volume purge 
involves evacuating 3-5 well volumes of water to ensure that all stagnant water has been 
removed from the well. 
 
Water Quality Parameters.  Chemical and physical properties of groundwater measured 
during purging and sampling to ensure that a representative groundwater sample has been 
collected and to document the ambient subsurface conditions at the time of sampling.  The 
parameters normally measured include pH, Eh, temperature, dissolved oxygen, conductivity, 
and turbidity.  The measurements are made at specified intervals and documented in 
appropriate sample collection logs completed in the field. 
 

4.0 PROCEDURE 
 

4.1 Required Records And Forms 
1. Groundwater Sampling Log (Attachment 1.0) 
2. Chain-of-Custody Form 
3. Sampling and Analysis Plan  
4. Material Safety Data Sheets (MSDS) 
5. Field Activity Daily Log (FADL). 

 
4.2 Required Materials, Equipment, Or Supplies 

The following supplies are required for low-flow purge and sample method.  Other 
supplies as needed in addition or in-lieu of those listed below are specified in 
respective sections. 
 
1. Personal protective equipment (PPE) as required by the site-specific health and 

safety plan 
2. Calculator 
3. Decontamination solutions; nonphosphate detergent, rinse water, deionized water 
4. Compressor, air 
5. Container, 1-gal clear glass 
6. Controller Box 
7. Cooler with ice and packing materials 
8. Cylinder, graduated, 2-liter 
9. Drum, 55-gallon 

00045658



 Document No.:  RSA IWSAP 
 Revision Date:  05/15/07 
 Revision No.:  0 
 SOPP No.: 8.0 
 Page:  4 of 13 

 

  
 

These standard project procedures are applicable to all members of Shaw Environmental, Inc. 

 

10. Filters, high capacity, in-line sample filter, 0.45 micron 
11. Filtration units, (disposable) and hand-operated vacuum pump (if needed in-lieu 

of in-line filtration) 
12. Flow-through cell or equivalent 
13. Gasoline 
14. Gloves, nitrile or latex 
15. Keys for locking well caps 
16. Labels, sample bottles 
17. Litmus paper or pH indicator strips 
18. Paper towels 
19. Pens, waterproof 
20. Pipettes 
21. Pump, bladder 
22. Radio, two-way, hand-held or cellular phone 
23. Safety glasses with side shields 
24. Sample containers 
25. Sheeting, polyethylene 
26. Steel tape, weighted 
27. Stop watch 
28. Thermometer 
29. Photoionization Detector (PID) 
30. Trash bags, large plastic 
31. Trash can, 32-gallon plastic 
32. Tubing, Teflon®-lined polyethylene discharge bundled with polyethylene air tube 
33. Water Level Indicator. 
 

4.3 General Requirements 
 
Decontamination: 
 
1. All field sampling equipment (pump, bailer, water discharge tubing, support 

cables, water level indicator, flow-through cells, etc) likely to come in contact 
with the sampled groundwater shall be decontaminated before and after each use 
or between wells.  The pump shall be initially dissembled and decontaminated.  
Refer to the decontamination SOPP for complete procedures.  

 
2. The water discharge tubing shall then be attached and the pump used to twice 

circulate detergent solution followed by potable water and deionized water rinses. 
Only Teflon® or Teflon®-lined tubing shall be reused after decontamination.  
Polyethylene or tygon tubing shall be discarded after each use and shall not be 
decontaminated for reuse. 

 
Other Requirements 
 
3. Provide shade for the spooled tube when a sampling event occurs during summer 

months in full sun.  Otherwise, the tube may act as an effective heater, warming 
the groundwater sample and creating a potential for volatilization. 
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4. The portable generator/compressors shall be placed downwind from the well 

being sampled. 
 

5. Store field parameter measurement “instruments” in shade during transportation 
and at the sampling site.  The instruments may give inaccurate readings if left 
under full sun. 

 
6. To the extent possible, groundwater sampling shall be conducted so as to sample 

upgradient, presumably “clean” wells first. 
 

7. All personnel involved in sampling shall wear appropriate health and safety 
clothing and gear, including clean nitrile gloves, in accordance with the site-
specific health and safety plan.  

 
8. In order to minimize turbidity in the well, pump and tubing assemblages shall be 

lowered into the well as slowly as possible to minimize turbidity. 
 

4.4 Specific Requirements for Low-Flow Sampling 
 
Follow steps given below: 
Pump Installation 
1. Measure the static water level and the total well depth with an electric water level 

indicator.  
 
2. Based on the well design information, subsurface geology, and the measured 

water level, determine the location of the pump intake using the guidelines given 
below: 

 
a. If a zone with a relatively high hydraulic conductivity (K) is present in the 

screened interval, place the pump intake within this zone.  A high K zone may 
be a sandy or gravel unit within an overall clayey unit or a fracture zone 
within the bedrock.  If the high K zone is near the bottom of the screen, the 
pump intake should be as much above the well bottom as possible. 

 
b. If a high K zone is not present and the screen is completely submerged, place 

the pump intake near the middle or slightly above the middle of the screen.  
 
c. If a high K zone is not present and if the water level is below the top of the 

screen, place the pump near the middle of the water column.  The pump intake 
should be as much above the well bottom as possible. 

 
3. Connect the safety cable, discharge tube, and air tube to the bladder pump.  The 

discharge tube will be Teflon®-lined polyethylene and its length will be 
appropriate for the well being sampled.  For example, a 100-foot long tube may 
not be used in sampling a 30-foot deep well, instead a 50-foot length will be used. 
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Using an appropriate length of tube will minimize the amount of decontamination 
fluids generated and lessen the opportunity for chemical and physical changes in 
the water due to contact with the spooled tube. 

 
4. Gently lower the pump to the appropriate sampling depth so as to minimize 

mixing of stagnant casing water with the screen water and resuspension of bottom 
sediments. Secure the pump at the desired depth by clamping the support cable to 
the 4-inch non-locking well cap. 

 
5. Lower an electric water level indicator (with an audio and visual alarm) again into 

the well, measure and record the water level.  The water level may be temporarily 
elevated because of the insertion of the pump into the well.  Wait for a few 
minutes until the water level returns to the static level.  

 
6. Make proper connections for the pump.  Attach the air supply line to the pump 

controller.  Connect the pump discharge tube to a “T” insert with a valve.  
Connect two sections of Teflon® -lined tube to the two remaining ends of the “T”. 
Connect one tube to the flow through cell of the water quality meter and place the 
discharge from the flow cell into the purge water container.  The third tube from 
the “T” will be used for sample collection. 

 
7. Calibrate water quality meters and place probes into the flow through cell. 
 
8. Measure the water level in the well.  Secure the water level probe 0.3 foot (4 

inches) below the water level and keep the instrument on. 
 

9. Start the pump at the lowest setting.  Gradually increase the flow rate. 
 
10. Constantly monitor the drawdown as the flow rate is increased.  If the drawdown 

exceeds 0.3 foot, indicated by visual or audio alarms on the water level indicator, 
decrease the flow rate appropriately. 

 
11. Monitor the pump flow rate in mL/min using a stop watch and a graduated 

measuring cylinder.  The targe flow rate is 100 to 500 mL/min (0.1 to 0.5 L/min), 
which may be increased in the case of  a  rapid recharging well to 1 L/min 
(residuum well) or greater (bedrock well), with the maximum drawdown 
limitation of 0.3 foot. 

 
12. Measure water quality indicator parameters every 3 to 5 minutes.  The parameters 

and their tolerance limits are provided in Table 1 and discussed further in a 
subsequent section.  The measurements shall be recorded on the groundwater 
sampling form.  All measurements shall be recorded in units shown on the form.  
If measurements are made in different units, these units must be clearly shown on 
the form. 

 
13. Once water quality indicator parameters stabilize (four consecutive readings 

within acceptable variability), turn the valve at the “T” junction so that the water 
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is diverted from the flow cell to the tube designated for sample collection.  
Collect samples at 100 to 500 mL/min purging rate. 

 
A bailer should be used for sampling in the case where a well is extremely slow to 
recharge (i.e., the recovery rate is below the minimum possible pump rate) and 
has to be pumped dry.  Follow the procedures given below under these 
circumstances. 

 
14. If the recharge rate of a well fails to sustain the lowest possible flow rate of the 

pump, causing an excessive drawdown, purge the well dry once.  Remove the 
pump from the well and allow the well to recover until adequate water for 
samples is available. 

 
15. Use a bailer to collect samples as soon as adequate water is available in the well.  

Collect samples for different parameters as the water becomes available, in the 
order specified in section 4.8.  The recovery time may vary from a couple of 
hours to 12 hours.  A minimum amount of time should be allowed between the 
drying of the well and sample collection.  If a well is left unsampled for over 12 
hours, the process should be repeated by purging the well dry again. 

 
4.5 Specific Requirements for Volume Purge and Sampling Using a Bailer 

The following procedures shall be applicable while using a bailer for purging and 
sampling a well.  A bailer shall be used for purging only under special circumstances. 
 For example, the well casing may be bent and may not allow insertion of a bladder 
pump beyond the bend.  However, prior approval from the principal investigator or 
the task manager shall be obtained and documented on the sample collection form 
before using this method. 

 
1. Prepare and decontaminate equipment as per general procedures. 

 
2. Measure the static water level and the total well depth with an electric water level 

indicator. 
 

3. Use Teflon® bailers, if the bailers are to be decontaminated between wells and 
reused, or disposable bailers. 

 
4. Use disposable twine with the bailer.  Do not decontaminate and reuse plastic 

twine.  Only Teflon®-covered steel cable may be decontaminated and reused at 
another well. 

 
5. To start purging, gently lower and raise the bailer in the water column. 

 
6. Record water quality parameters at least twice for each well volume evacuated. 

 
7. Purge until at least 3 well volumes have been evacuated and the well parameters 

have stabilized or the well is bailed dry.  Proceed with sample collection once 
parameter stabilization and low turbidity values (Table 1) have been achieved.  If 
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the well is bailed dry, wait until adequate water is available in the well and 
proceed with sample collection. 

 
8. Collect the samples in the analyte order provided in a subsequent section. 
 
9. If collecting a filtered sample, use a disposable filtration unit with a hand-

operated vacuum pump.  Alternatively, send an unpreserved (no nitric acid added) 
sample to the laboratory.  The sample will be filtered in the laboratory before 
analysis. 

 
10. Record all pertinent information on the groundwater sampling form, identifying 

the sampling method used (i.e., volume purge and sample with a bailer) in the 
“Comments” field.  Any fields in the form not applicable to the method used shall 
be marked “NA.” 

 
4.6 Disposal of Purge Water 

The water purged from the well is considered investigation-derived waste (IDW). All 
purge water shall be containerized and handled according to the work plan.  
 

4.7 Specific Requirements for Water Quality Parameter Measurements 
Water quality parameters to be monitored during the purge process shall include pH, 
temperature, conductivity, redox potential (Eh), dissolved oxygen (DO), and 
turbidity.  Measurements shall be made at intervals required by the specific method 
used.  If using a pump, a flow-through cell will be used to measure field parameters at 
the discharge from the pump at a frequency specified in the sample collection log.  If 
using a bailer for purging, field parameters shall be measured at least twice per well 
volume evacuated. 
 
The goal of the purging process is to obtain a groundwater sample that is 
representative of the surrounding aquifer.  Field parameters are the simplest 
indicators for determining when the formation water is being removed.  The normal 
ranges of field parameters are indicated in Table 1.  Stabilization of parameters is 
required for before analytical samples may be collected, irrespective of the method 
used.  Field parameter stabilization is defined as four consecutive readings within the 
criteria presented in Table 1. 

 
Professional judgement should be used in evaluating field measurements.  For 
example, if DO readings are in the 5 to 7 milligrams per liter (mg/L0 range, then 10 
percent is a reasonable fluctuation.  But if DO is in the o.5 to 1 mg/L range, then 
fluctuations within 10 percent are perhaps overly stringent and 20-50 percent 
variations may be allowed.  The same is true for conductivity and the 10 mV goal for 
redox.  If after 3 well volumes have been purged, all but one or two parameters have 
stabilized, but are relatively close to their respective target bounds, then this may be 
an adequate indication that formation water is being removed and sample may be 
collected.  Rationale for samples collected when field parameters are outside of the 
target fluctuations will be documented on the sample collection logs. 
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Under low-flow sampling conditions, no minimum volume of water is required to be 
removed from a well prior to sampling.  Under volume purge techniques (pump or 
bailer), at least 3 well volumes of water should be purged before sampling.  Up to 5 
well volumes may be purged if parameters do not stabilize after purging 3 volumes 
and there is an indication that the parameters may stabilize with further purging.  
However, if field measurements have not stabilized after 5 well volumes have been 
removed, then the task manager or technical lead shall be contacted to determine 
whether collecting a sample is appropriate.   

 
Turbidity measurements should be treated differently for different situations.  When 
the analytical program specifies metals (total or unfiltered) for laboratory analysis, 
then the target turbidity shall be less than 10 NTU, and consecutive turbidity readings 
less than 10 NTU will be considered equivalent.  When metals are not an analytical 
parameter, then turbidity is not as great a concern, and the target shall be less than 20 
NTU.  However, in both cases, these goals may not be attainable due to silty or 
clayey sections of the aquifer matrix.  If each parameter has stabilized, but turbidity is 
still above the target NTU value, then purging shall continue in an effort to attain the 
target NTU.  Decisions to continue purging will be based on how far out of 
compliance the values are (e.g., 15 versus 100 NTU), and will be made by the 
technical lead on a case-by-case basis. 
 
During purging, the field parameter values shall be periodically compared to the 
normal parameter ranges (Table 1).  Parameters outside the normal range may 
indicate a problem with instrument calibration or a faulty well construction.  The 
accuracy of certain instruments tends to drift with time and such instruments may 
require frequent calibration.  An example of a faulty well construction is the presence 
of cement grout in the screen interval due to a poor bentonite seal.  The cement grout 
causes the pH of the groundwater to be abnormally high (11-13 range).  If the 
parameters are observed to be outside the normal range, the instruments shall be 
recalibrated and the measurement repeated. If the parameters are still outside the 
normal range for 4 consecutive readings during purging, the well construction may be 
faulty and the task manager or technical lead must be contacted for further direction.  
No samples shall be collected from a well with questionable construction until further 
direction. 
 

4.8 Sample Collection  
Regardless of the purging technique used, samples shall be collected at flow rates in 
the range 0.1-0.5 L/min or poured gently to avoid aeration, bubble formation, or 
turbulent filling of sample bottles. 

 
Samples shall be collected in the following order of target analytes, if adequate 
amount of water is available in the well: 

• Volatile organic compounds (VOC) 
• Semivolatile organic compounds (SVOC) 
• Turbidity 
• Major water quality cations and anions 
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• Carbonate/biocarbonate 
• Total suspended solids 
• Total dissolved solids 
• Kjeldahl nitrogen 
• Total metals 
• Dissolved metals 
• Total petroleum hydrocarbons 
• Cyanide 
• Ammonia, nitrogen. 

 
Samples for any target analytes not listed above shall be collected in the order of 
decreasing volatility within the framework of this list.  If the amount of water 
available in the well is low, minimum volume requirements provided in Table 2 
should be implemented or certain target analytes may be omitted, upon approval from 
the task manager and project chemist. 

 
Filtered Samples.  Filtered groundwater samples are normally not needed if a 
successful low-flow sampling program is implemented.  However, if specified in the 
work plan, filtered groundwater samples will be collected according to the following 
procedures: 

 
1. If using a flow cell, connect an inline, disposable 0.45 µm filter to the discharge 

flow tube attached to the "T" junction upstream from the flow cell.  If a flow cell 
is not being used, connect the filter to the discharge tube of the pump.  Collect the 
water discharging from the filter in the sample container. 

 
2. If the low rate is too slow to allow filtration through an in-line filter or if samples 

are collected by a bailer, an alternative filtration method may be required.  A 
disposable filtration unit and a hand-operated vacuum pump will be used to filter 
the sample in the field. 

 
3. If filtration can not be accomplished in the field, an unpreserved sample (no nitric 

acid added) cooled to 4ºC shall be shipped to the laboratory along with the 
preserved sample for unfiltered analysis.  The unpreserved sample shall be 
filtered upon receipt and the filtrate preserved with nitric acid.  The data from the 
laboratory filtered sample will be reported as “dissolved metals.” 

 
4.9 Records 

For each monitoring well purged, the technician shall complete a groundwater 
sampling form (Attachment A).  This form prompts the technician to identify and 
record information such as: site ID, well ID, sample number, depth of well, depth to 
water, and well diameter.  The technician can then use the information on the form to 
perform a well casing volume calculation.  The form also includes spaces to record 
the field parameters that are measured during purging and any comments and 
observations.  This form also prompts the technician to record the sample number, 
collection date, and time, sample containers, and associated QC sample information. 
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All well purging and sampling data and information shall be recorded in the Field 
Activity Data Log (FADL) for the site sampled.  The FADL entries shall be recorded 
chronologically and the time of the entry recorded first.  All FADL continuation 
pages shall be sequentially numbered and the last page recorded for the day shall be 
signed and dated by the recording technician. 

 
5.0 CROSS REFERENCE 

U.S. Environmental Protection Agency (USEPA), 1986, Resource Conservation and 
Recovery Act (RCRA) Groundwater Monitoring Technical Enforcement Guidance Document, 
OSWER-9950.1, September. 

 
U.S. Army Corps of Engineers (USACE), 1994, Requirements for the Preparation of 
Sampling and Analysis Plans, EM 200-1-3, September. 

 
U.S. Environmental Protection Agency (USEPA), 1996, Environmental Investigations 
Standard Operating Procedures and Quality Assurance Manual, Region 4, May. 

 
U.S. Environmental Protection Agency (USEPA), 1995, Low-Flow (Minimal Drawdown) 
Ground-Water Sampling Procedures, Groundwater Issue, EPA/540/S-95/504, December. 
 

7.0 TABLES 
Table 1 - Water Quality Indicator Parameters 
Table 2 - Water Sample Volume Requirements 
 

8.0 ATTACHMENTS 
Attachment A - Groundwater Sampling Form 
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Table 1 
Water Quality Indicator Parameters 

Measurement Normal Range Acceptable Variabilitya 

PH 4.6 to 8.5 ± 0.1 

Temperature (°C) 10 to 18 ± 10% 

Specific Conductivity (µS/cm) 10 to 8,000 ± 3% 

Redox (mV) +400 to -300 ± 10 

Dissolved oxygen (mg/L) <10 ± 10% 

Turbidity (NTU) variable ± 10%b 

Notes and Abbreviations: 
a acceptable variability for four consecutive readings 
b values of less than 10 NTU are considered to be equivalent 
°C degrees celsius 
µS/cm micro siemens per centimeter 
mV millivolt 
mg/L milligrams per liter 
NTU nephelometric turbidity unit 
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Table 2 
Water Sample Volume Requirements 

Analysis Standard Volume 
(mL) 

Minimum Volume 
(mL)* 

Minimum Volume 
Option* 

Volatile organics 120 40 X 

Semivolatile organics 1000 1000  

Pesticides/PCBs 1000 1000  
Herbicides 1000 1000  
Metals – Total 500 125 X 
Metals – Dissolved 500 125 X 
Mercury – Total 
Mercury – Dissolved 

Included with metals 
(100) 

Included with metals 
(100)  

Cyanide 500 125 X 
Anions 250 100 X 
Nitrate-nitrite 100 50 X 
Total suspended solids and total 
dissolved solids (TSS and TDS) 500 200 X 

Total organic carbon (TOC) RCRA 
4/well 4 x 25 4 x 25  

Total organic halides (TOX) RCRA 
4/well 4 x 100 4 x 100  

Total petroleum hydrocarbon (TPH) 1000 1000 X 
Gasoline range organics (GRO) 80 40 X 
Diesel range organics (DRO) 1000 1000  
Notes: 
* Quantitation limits (detection levels) may be affected when operating with minimum sample volumes.  If 

volumes are lowered below the minimum sample volumes, quantitation limits will be raised. 
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SHAW STANDARD OPERATING PROJECT PROCEDURE 
LONGHORN ARMY AMMUNITION PLANT 
ATTACHMENT 2 
Subject:  GROUNDWATER LEVEL MEASUREMENTS  
 
1.0 PURPOSE AND SUMMARY 

This Standard Operating Project Procedure (SOPP) establishes guidelines and procedures for 
use by field personnel in determining the groundwater level in monitoring wells. 

 
Proper recording procedures are necessary to assure the quality and integrity of all 
groundwater level measurements.  Prior to collecting groundwater levels, a strategy should 
be developed based on the objectives of the investigation. 
 
The measurement of the ground water level in a well is frequently conducted in conjunction 
with ground water sampling to determine the "free" water surface.  This potentiometric 
surface measurement can be used to establish ground water flow direction and gradients.  
Total well depth and ground water level measurements are needed to determine the volume 
of water in the well casing prior to purging the well for sampling purposes. 
 
All ground water level and total depth measurements should be made relative to an estab-
lished reference point on the well casing and should be documented in the field records.  To 
be useful for establishing ground water gradient, the reference point should be tied in with 
the NGVD (National Geodetic Vertical Datum) or a local datum. 
 
When measuring wells for water table or potentiometric surface analysis, and if the 
contaminant history is known for each of the wells, it is advisable to monitor water levels 
beginning with the least contaminated wells first and progressing to the most contaminated 
wells last, where practical. 
 
Documents other than those required by the contract and consulted in the preparation of this 
SOPP are listed under “Cross Reference.”  

 
The details within this SOPP should be used in conjunction with the Work Plan which will 
generally provide the following information: 
 
• Data collection objectives; 
• Locations for data collection; 
• Types of data to be collected; and 
• Specific quality control (QC) procedures required. 

 
2.0 TABLE OF CONTENTS 

1.0 Purpose and Scope 
2.0 Table of Contents 
3.0 Responsibility Matrix 

3.1 Site Manager 
3.2 Field Team 
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3.3 Site Contractor Quality Control Systems Manager (CQCSM) 
4.0 Definitions 
5.0 Text 

5.1 Required Records and Forms 
5.2 Required Material, Equipment, or Supplies 
5.3 General Requirements 
5.4 Specific Requirements 
5.5 Records 

6.0 Exception Provision 
7.0 Cross Reference 
8.0 Tables 
9.0 Attachments 

 
3.0 RESPONSIBILITY MATRIX 
 

3.1 Site Manager 
The Site Manager or Field Team Leader, is responsible for ensuring field activities 
are completed to meet the project objectives, are conducted in accordance with the 
project plans and requirements, and all activities are performed according to the 
respective procedures.  The Site Manager is responsible for ensuring all site 
personnel are trained in the procedures, the procedures are adhered to, and all 
activities are documented. 

 
3.2 Field Team 

All members of the field team (samplers, technicians, field geologists, engineers, etc.) 
are responsible for understanding and implementing this field procedure as well as 
ensuring all team members also perform work in accordance with this procedure. 
 

3.3 Site Contractor Quality Control Systems Manager (CQCSM) 
The Site CQCSM is responsible for ensuring that this procedure is correctly 
implemented and that data collected meet the requirements of the Project Work Plan. 
 

4.0 DEFINITIONS 
Electronic Water Level Indicator.  This instrument consists of a spool of dual wire, a probe 
attached to the end, and an indicator.  When the probe comes in contact with the water, the 
circuit is closed and a meter light and/or buzzer attached to the spool will signal the contact.  
Penlight or 9-volt batteries are normally used as a power source.  Measurements should be 
made and recorded to the nearest 0.01 foot. 
 

5.0 TEXT 
 

5.1 Required Records And Forms 
1. Field Activity Daily Log (FADL) 
2. Instrument operation manual. 

 
5.2 Required Materials, Equipment, Or Supplies 

1. Indelible black-ink pens and markers 
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2. Personal protective clothing and gear 
3. Gloves, nitrile 
4. Keys for locking well caps 
5. Paper towels 
6. Radio, two-way, hand held or cellular phone 
7. Safety glasses  
8. Appropriate equipment and meters for obtaining field measurements as specified 

in the Work Plan (i.e., water quality) 
9. Linear measuring device (e.g., tape measure) 
10. Electronic water indicator (appropriate length) 
11. Organic vapor analyzer (FID/PID). 

 
The equipment must be capable of recording a measurement to the accuracy required 
by the Work Plan.  Project data quality objectives and site characteristics must be 
taken into account when determining the groundwater level measurement equipment 
to use. The total number of wells to be measured, weather, tidal influences, pumping, 
and construction can all affect water level measurements.   

 
5.3 General Requirements 

Operation manuals provide operation and calibration procedures to be followed. 
Several standard steps should be taken before beginning any depth measurement of 
groundwater level measurement activity is performed. 

 
1. Verify that all personnel have read and understood the approved site-specific 

health and safety plan and have the proper training and certifications required 
under OSHA. 

 
2. Verify the site location by existing maps and surface features.  Mark off the 

boundaries of the work site with flagging or other means to prohibit access to 
unauthorized personnel. 
 

3. Check to see that all the necessary equipment (including PPE) is available at the 
site, is in good working condition, and has been properly decontaminated. 
 

4. Check that all monitoring equipment is properly calibrated and operating.  
Measuring tapes should be checked a minimum of every six months against a 
surveyor's tape to determine if shrinking or stretching has occurred. 
 

5. Visually inspect the well to ensure that it is undamaged, properly labeled and 
secured.  Any damage or problems with the well head should be noted on the 
FADL and the site manager notified for repair or replacement of the equipment. 
 

6. Uncap the well and monitor the air space for organic vapors immediately above 
the open casing with an FID/PID. (Observe if any air is flowing into or out of the 
casing.  In the event such conditions are observed, they should be noted on the 
FADL.  If air is observed to be entering or flowing out of the casing, the sounder 
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should not be placed inside the well until the air flow stops and pressure 
equalizes. 

 
5.4 Specific Requirements 

The specific procedure for determining groundwater level using an electronic water 
level indicator is described below. 

 
1. Lower the electronic water level indicator into the well until the water surface is 

encountered as indicated by an audible (beep) or visual (light) signal. 
 
2. When the water surface is reached, give the tape a short, sharp jerk to ensure that 

the probe is not responding to condensation along the well casing.  
 
3. Measure the distance from the water surface to the permanent reference point.  

For aboveground "stickup" completions, the reference point is usually a groove 
cut into the north side of the casing.  If no permanent reference point is available 
for an aboveground completion, measure from another permanently fixed 
structure or from ground level.  The point of measurement should then be noted 
on the FADL and the appropriate form on which the water level is recorded.  For 
flush mount completions, such as street boxes, the groundwater level 
measurement should be referenced to a steel grate placed across the rim of the 
street box and over the casing.  Any aboveground completions without permanent 
reference points or marks should be brought to the attention of the appropriate 
supervisory personnel. 

 
4. Collect measurements until two consecutive measurements are identical or within 

the specified tolerance (usually 0.01 ft).  Record all appropriate information on 
the FADL.  At a minimum, the following information must be recorded: 
 

• project name and number; 
• unique well identification number; 
• date and time of measurement collection; 
• depth to water to the specified tolerance; 
• weather conditions; and any problems encountered. 

 
5. Once the water level measurement is completed, turn the device in the off 

position and slowly lower the probe to the bottom of the well to sound the depth.  
Record the depth to the bottom of the well to the nearest 0.01 feet and document 
the bottom condition (i.e., soft, silty, hard).  

 
6. Cap and relock the well. 
 
7. Perform all equipment decontamination procedures as specified in the field 

procedures in Attachment 9 of Appendix D.  Measuring equipment must be 
decontaminated prior to utilizing for well measurements. 
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5.5 Records 
All information will be recorded on a FADL for the subject site.  The FADL entries 
will be recorded chronologically and the time of the entry recorded first.  All FADL 
continuation pages will be sequentially numbered and the last page recorded for the 
day will be signed and dated by the recording technician.  Records generated as a 
result of this SOPP will be controlled and maintained in the project record files. 

 
6.0 EXCEPTION PROVISIONS 

None. 
 
7.0 CROSS REFERENCE 

Annual Book of ASTM Standards, 1987 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation Well), D4750. 
 
EPA, 1996, Environmental Investigations Standard Operating Procedures and Quality 
Assurance Manual, Region 4, Athens, GA. 
 
EPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance Document, 
OSWER-9950.1, U.S. Government Printing Office, Washington, D.C. 
 
U.S. Army Corp of Engineers, 1998, Monitoring Well Design, Installation, and 
Documentation at Hazardous, Toxic, and Radioactive Waste Sites, EM 1110-1-4000. 
 

8.0 TABLES 
  None 
 
9.0 ATTACHMENTS 

None. 
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SHAW STANDARD OPERATING PROJECT PROCEDURE 
LONGHORN ARMY AMMUNITION PLANT 
ATTACHMENT 3 
Subject:  NON-HAZARDOUS SAMPLE HANDLING, PACKAGING AND SHIPPING 
 
1.0 PURPOSE AND SUMMARY 

This Standard Operating Project Procedure (SOPP) establishes guidelines and procedures for 
field personnel to use in the packaging and shipping of environmental samples for chemical 
and physical analysis. 

 
This SOPP only applies to the packaging and shipping of low concentration environmental 
samples.  This procedure does not apply to those samples considered hazardous materials, 
hazardous waste, mixed waste, radioactive waste, or dangerous goods.  Those requirements 
are specified in the Department of Transportation (DOT) 49 CFR 171-178 and the most 
current edition of the International Air Transport Association (IATA) Dangerous Goods 
Regulations.  The details within this SOPP are only applicable to the general requirements 
for sample packaging and shipping and should only be used as a guide for developing more 
job-specific work plans.  

 
The details within this SOPP should be used in conjunction with the Work Plan, which will 
generally provide the following information: 

 
• Sample collection objectives 
• Locations and depths of soil samples to be collected 
• Numbers and volumes of soil samples to be collected 
• Types of analyses to be conducted for the samples 
• Specific quality control (QC) procedures and sampling required 

 
2.0 TABLE OF CONTENTS 

1.0 Purpose and Summary 
2.0 Table of Contents 
3.0 Responsibility Matrix 

3.1 Site Manager 
3.2 Field Team 
3.3 Site Contractor Quality Control Systems Manager (CQCSM) 

4.0 Definitions 
5.0 Text 

5.1 Supplies and Equipment  
5.1.1 Required Records and Forms 
5.1.2 Materials, Equipment, or Supplies 

5.2 Procedures 
6.0 Exception Provision 
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7.0 Cross Reference 
8.0 Tables 
9.0 Attachments 

 
3.0 RESPONSIBILITY MATRIX 
 

3.1 Site Manager:  The Site Manager or Field Team Leader, is responsible for ensuring 
field activities are completed to meet the project objectives, are conducted in 
accordance with the project plans and requirements, and all activities are performed 
according to the respective procedures.  The Site Manager is responsible for ensuring 
all site personnel are trained in the procedures, the procedures are adhered to, and all 
activities are documented. 

 
3.2 Field Team:  All members of the field team (samplers, technicians, field geologists, 

engineers, etc.) are responsible for understanding and implementing this field 
procedure as well as ensuring all team members also perform work in accordance 
with this procedure. 
 

3.3 Site Contractor Quality Control Systems Manger (CQCSM):  The Site CQCSM 
is responsible for the periodic review of documentation generated during sample 
handling, packaging, and shipping and the periodic review and audit of field 
personnel as they perform the work.  If problems arise, the site CQCSM is also 
responsible for swift implementation of corrective action (i.e., retraining personnel, 
additional review of work plans and procedures, variances to requirements, issuing 
nonconformances). 
 

4.0 DEFINITIONS 
Environmental Sample - A low concentration sample that does not meet DOT or IATA 
definitions for a regulated shipment. 

 
Hazardous Materials/Dangerous Goods Sample - Medium or high concentration sample 
regulated by either DOT or IATA.   

 
Hazardous Waste - Any substance listed in 40 CFR Subpart D (260.30 et seq.) or otherwise 
characterized as ignitable, corrosive, reactive, or toxic as specified in Subpart C (261.20 et 
seq.) that would be subject to manifest and packaging requirements specified in 40 CFR 262. 
 Hazardous waste is defined and regulated by the U.S. Environmental Protection Agency 
(USEPA). 

 
Hazardous Material/Dangerous Good - A material in a quantity or form which may pose 
an unreasonable risk to health, safety, and/or property as defined by DOT when transported 
in commerce.  Hazardous materials are defined by DOT (49 CFR 171.8), and dangerous 
goods are defined by IATA (Section 3). 

 
Sample - Physical evidence collected from a facility or the environment which is 
representative of conditions at the point and time at which the sample is collected. 
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U. S. DOT Regulations – Requirements for shipping hazardous materials by highway 
domestically found at 49 CFR 171-178. 

 
IATA Regulations, current edition – Requirements for shipping dangerous goods by air both 
domestically and internationally. 
 

5.0 TEXT 
 

5.1 Supplies and Equipment 
The following is a list of the supplies and equipment needed to implement this SOPP 
in the field. 

 
5.1.1 Required Records and Forms 

1. Sample Collection Log (SCL) 
2. Field Activity Daily Log (FADL) 

 3. Sample tags/labels and the appropriate forms/documentation for sample 
shipment  

  4. Material Safety Data Sheets (MSDS) 
5. Site-Specific Field Sampling Plan. 
6. CFR 171-178 for ground shipping or the IATA regulations for air 

shipping. 
 

5.1.2 Materials, Equipment, or Supplies 
1. Indelible black-ink pens and markers 
2. Plastic or metal coolers (typically provided by the laboratory) 
3. Waterproof sealing tape 
4. Ice (double bagged) 
5. Fiberglass packing tape 
6. Nitrile or Latex gloves 
7. Plastic Zip-Loc® bags 
8. Bubble wrap, styrofoam packing material, vermiculite (or other 

absorbent) 
 
5.2 Procedures 

The following steps must be followed when packaging and shipping non-regulated 
environmental samples: 
 

1. Properly label (with indelible ink) sample container with the site, unique 
sample identifier, matrix type, time and date of collection, analytical 
method, preservatives, and sampling personnel at the time of sample 
collection.  Clear tape should be placed over the label to minimize 
damage to sample label caused by moisture.   

 
2. As soon as possible after sample collection, tightly seal the container, and 

place a piece of custody tape over or around the cap.  The custody tape 
should be placed over the cap so that any attempt to remove the cap will 
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cause the tape to be broken.  Do not place custody tape over a volatile 
organic analysis (VOA) vial septum. 

 
3. Prepare chain-of-custody and request for analyses forms as required by 

the Quality Control Plan. 
 

4. Place all containers in separate, appropriately sized, airtight, seam sealing 
polyethylene bags (e.g., Ziploc®).  Seal the bag, removing any excess air 
and wrap with bubble wrap or similar material. 

5. Place the bagged container inside an insulating shipping container, such 
as a common plastic picnic cooler (not styrofoam).   

6. Surround the bagged container with absorbent material (e.g.,  
 vermiculite).   

 
7. Samples must be packed so they are surrounded and covered by a 

sufficient volume of ice to maintain a 4 + 2 degrees Celsius (°C) 
temperature immediately following collection of the samples in the field 
and during the entire shipping period.  Ice used in the cooler must be 
contained in two sealed, leak-proof plastic bags to prevent contact of the 
sample containers with melted ice. 

 
8. Samples labels must be compared to the COC forms to ensure proper 

documentation.  Sample labels must be attached so they will not come 
loose from sample containers during shipment or if they become wet (the 
use of clear tape wrapped around the label will prevent this).  

 
9. Place additional packing material (e.g. bubble wrap, vermiculite, or 

styrofoam) on top of the samples to eliminate the potential for samples to 
shift during shipment.  Cushioning materials may be used to inhibit 
breakage of sample containers; however, cushioning material must not 
interfere with maintaining sample cooling. 

 
10. Record the air bill number or other shipping information on the COC. 

 
11. Place the original COC in a resealable bag and tape to inside of top of 

cooler.  A copy of the COC must be retained for the field file. 
 

12. Place custody seals on shipping container.  Use custody seals on 
individual bottles if coolers might be opened during transport (customs, 
etc.). 

 
13. Seal cooler with strapping tape over the custody seals.  Place address 

label on cooler.  Mark the container "THIS END UP," or apply arrow 
labels that indicate the proper position to be maintained during shipping. 
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14. If samples are shipped via commercial overnight delivery service, a copy 
of the shipping bill must be retained in the appropriate files.  All pertinent 
information must also be recorded on the FADL.  If sampling personnel 
are delivering samples to the laboratory, this should be noted on the 
COC.  In this case, the cooler need not have custody seals during 
transport. 

 
15. The laboratory should be contacted to confirm safe arrival of all samples. 

 If delivery of samples will occur at the laboratory on weekends or 
holidays, the laboratory will be notified to have someone available to 
receive them.  Any problems occurring after sample shipment should be 
recorded on the FADL along with the names of personnel at the 
laboratory who explained the problem. 

 
16. For packages containing preserved samples or sample containers with 

preservative inside, shipping details are provided in Section 7.0, 
“Restrictions/Limitations”. 

 
6.0 EXCEPTION PROVISIONS 
 

1. Blue ice or similar products are not allowed for shipping because it/they do not maintain 
the 4oC standard required for sample shipping, it should only be used while in the field 
collecting samples.   

 
2. Samples must be packed so they are surrounded and covered by a sufficient volume of 

ice to maintain a 4 + 2 oC temperature immediately following collection of the samples in 
the field and during the entire shipping period.  Ice used in the cooler must be contained 
in sealed, leak-proof plastic bags to prevent contact of the sample containers with melted 
ice. 

 
3. When shipping packages containing samples preserved with corrosives such as 

hydrochloric acid, sulfuric acid, and sodium hydroxide, the samples will not meet DOT’s 
definition of Class 8 – Corrosives because of the preservative as long as these limitations 
are met:   

 
• hydrochloric acid in water solution at a concentration of 0.04% or less by weight 

(pH > 1.96), 
• nitric acid in water solution at a concentration of 0.15% or less by weight (pH > 

1.62), 
• sulfuric acid in water solution at a concentration of 0.35% or less by weight (pH > 

1.15), and 
• sodium hydroxide in water solution at a concentration of 0.08% or less weight 

(pH > 12.30). 
 

4. After it has been established that the samples do not meet DOT’s definition of Class 8 – 
Corrosive because of the preservative, it must still be determined if the contaminant of 
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concern causes the sample to meet any of DOT’s hazard class definitions.  If it does, 
appropriate identification, classification, packaging, marking, labeling, and 
documentation must be performed accordingly. 

 
5. When shipping bottles that contain only preservatives, the trained shipper will attempt to 

meet the small quantity/excepted quantity or limited quantity requirements detailed in the 
DOT or IATA regulations in order to reduce preparation time, materials costs, handling 
hazards, and shipping costs.  Complete instructions and found in the appropriate sections 
of the applicable regulations. 

 
6. Per 49 CFR 172 Subpart H, an employee who performs hazardous materials (or 

dangerous goods) shipping is required to complete General Awareness and Function-
Specific Training covering his or her particular shipping responsibilities to be updated at 
least every three years for domestic shipping or every two years for international 
shipping. 

 
 RECORDS 

All sample packaging and shipment data will be recorded on the book or FADL for the 
samples shipped.  The FADL entries will be recorded chronologically and the time of the 
entry recorded first.  All FADL continuation pages will be sequentially numbered and the 
last page recorded for the day will be signed and dated by the recording technician. 

 
Records generated as a result of this SOPP will be controlled and maintained in the project 
record files. 

 
7.0 CROSS REFERENCE 

Department of Transportation, Hazardous Materials Regulations, 49 CFR Parts 171-180. 
 

EPA, 1996, Environmental Investigations Standard Operating Procedures and Quality 
Assurance Manual, Region 4, Athens, GA. 

 
HAZWRAP, 1996. Document No. DOE/HWP-100, Standard Operating Procedure 5C, 
Packing and Shipping Environmental Samples. 

 
International Air Transport Association, Dangerous Goods Regulations, current edition. 

 
8.0 TABLES 

None. 
 
9.0 ATTACHMENTS 
 None.
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SHAW STANDARD OPERATING PROJECT PROCEDURE 
LONGHORN ARMY AMMUNITION PLANT 
ATTACHMENT 4 
Subject:  FIELD EQUIPMENT DECONTAMINATION  
 
1.0 PURPOSE AND SUMMARY 

The objective of this procedure is to describe the proper methods for decontaminating 
downhole and sampling equipment used to perform field investigations. 
 
Decontamination of field equipment is necessary to ensure that chemical analyses reflect 
actual concentrations at sampling locations by maintaining the quality of samples and 
preventing cross-contamination.  Furthermore, decontamination reduces the health hazards to 
field personnel and prevents the spread of contaminants off-site. 

 
2.0 TABLE OF CONTENTS 

1.0 Purpose and Scope 
2.0 Table of Contents 
3.0 Responsibility Matrix 

3.1 Site Manager 
3.2 Field Team 
3.3 Site Contractor Quality Control System Manager (CQCSM) 

4.0 Definitions 
5.0 Text 

5.1 Required Forms and Documentation 
5.2 Required Materials Equipment, or Supplies 
5.3 Specific Requirement for Small Sampling Equipment 
5.4 Specific Requirement for Downhole and Heavy Equipment  
5.5 Specific Requirement for Pump and Pump Assemblies 
5.6 Specific Requirement for Downhole Probes 
5.7 Restrictions and Limitations 

6.0 Exception Provision 
7.0 Cross Reference 
8.0 Tables 
9.0 Attachments 

 
3.0 RESPONSIBILITY MATRIX 

 
3.1 Site Manager 

The Site Manager or Field Team Leader, is responsible for ensuring that field 
activities are completed to meet the project objectives, that they are conducted in 
accordance with the project plans and requirements, and that all activities are 
performed according to the respective procedures.  The Site Manager is responsible 
for ensuring that all site personnel are trained in the procedures, that the procedures 
are adhered to, and that all activities are documented. 
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3.2 Field Team 

All members of the field team (samplers, technicians, field geologists, engineers, etc.) 
are responsible for understanding and implementing this field procedure as well as 
ensuring that all team members perform work in accordance with this procedure.  The 
field team members are also responsible for communication of issues with task 
managers and technical leads, and for documenting change orders and directions. 
 

3.3 Site Contractor Quality Control System Manager 
The site CQCSM is responsible for ensuring that this procedure is correctly 
implemented and that the quantity and quality of field equipment decontamination 
activities meet the requirements of the project Work Plan. 

 
4.0 DEFINITIONS 

Decontamination.  The process of removing or reducing undesirable physical and chemical 
constituents, from equipment or materials that come into direct contact with the sample 
media.  Decontamination minimizes the potential for cross-contamination and ensures the 
representativeness of physical or chemical analyses proposed for a given sample. 
 
Sampling Equipment.  Sampling equipment includes split spoons, hand augers, bailers, 
submersible pumps, bowls, knives, scoops, water samplers, non-disposable filtration 
equipment, or any equipment that directly contacts samples. 
 
Sample Contacting Equipment.  Equipment that comes in direct contact with the sample or 
portion of the sample that will undergo chemical analyses or physical testing (for example, 
bailer, split-spoon sampler). 
 
Potable water.  Tap water used for drinking purposes by general population. 
 
Deionized water.  Deionized, solvent-free water (ASTM Type II or equivalent).  Deionized 
water can be provided by the laboratory. 
 
Detergent.  Laboratory grade detergent for washing equipment is recommended such as 
Liquinox® or Alconox®. 
 

5.0 TEXT 
 

5.1 Required Forms and Documentation  
• Field Activity Daily Log (FADL)  
• Material safety data sheets (MSDS). 
 

5.2 Required Materials, Equipment, or Supplies 
Decontamination procedures for small equipment; downhole and heavy equipment; 
pumps; and downhole probes are described below separately.  Each section also 
includes the required materials, equipment, and supplies. 
 

5.3 Specific Requirement for Small Sampling Equipment 
Before samples are collected, small sample-contacting equipment will be 
decontaminated appropriately.  Small sampling equipment includes split spoons, 
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bailers, knives, mixing bowls, etc.  Equipment necessary to complete 
decontamination procedures includes: 

 
• 5-gallon (gal) or larger plastic buckets or troughs 
• Laboratory-grade detergent; Liquinox® recommended 
• Three stiff-bristle brushes capable of cleaning the inside and outside of equipment 
• Teflon® sprayers or wash bottles, or 2 - to 5 - gallon manual pump sprayer (pump 

sprayer material must be compatible with the solution used) 
• Plastic sheeting 
• Disposable wipes 
• Aluminum foil 
• Potable water 
• Deionized water 
• 10 % Nitric acid solution made from reagent grade nitric acid and deionized water 

(use only on glass, Teflon®, or stainless steel) 
• Gloves, goggles, and other protective clothing as specified in the site-specific 

health and safety plan. 
 

The following decontamination procedures will be followed: 
 

1. Set up a decontamination line on plastic sheeting covering the ground or on a 
table covered by plastic sheeting or aluminum foil (shiny side away from 
equipment).  At a minimum, clean plastic sheeting must be used to cover the 
ground beneath decontamination equipment and plastic sheeting or aluminum foil 
must cover tables or other surfaces where decontaminated equipment is to be 
placed.  The decontamination area should be located away from potential 
contaminant sources (e.g., construction areas) to reduce or eliminate potential 
cross-contamination during decontamination.  The decontamination area should 
progress from “dirty” to “clean” and end with an area for drying equipment. 

 
2. The decontamination line should consist of several buckets or troughs in one line. 

 The first bucket will contain a detergent solution.  The next two buckets will 
contain potable water for rinses.  A final liberal rinse of deionized laboratory 
grade water with a bottle sprayer completes the line. 

 
3. Dislodge as much loose dirt as possible from equipment before beginning the 

decontamination process.  Wash the item thoroughly in the bucket or trough of 
detergent solution.  Use a stiff-bristle brush to dislodge any clinging dirt.  Before 
washing, disassemble any items that might trap contaminants internally. 

 
4. Rinse in second bucket or trough containing potable water.  Rinse water shall be 

replaced as necessary (generally when water is cloudy). 
 

5. Repeat step 3 in the third bucket or trough for a second rinse.  A rinse with nitric 
acid in a spray bottle may be added before this step if sampling for metals. 

 
6. Using a hand sprayer, rinse the item with deionized water over the fourth bucket. 
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7. If the equipment will have time to fully air dry before its next use, allow to air 
dry.  If the equipment will not be allowed to fully air dry, rinse with deionized 
water over the last rinse bucket before reassembling or using any equipment. 

 
8. If equipment will not be used immediately after drying, wrap in aluminum foil 

(shiny side out) for storage and transport. 
 

9. Record decontamination protocol, equipment types, and date on the FADL at each 
occurrence. 

 
10. After the decontamination activities are complete, collect all contaminated waters, 

plastic sheeting, aluminum foil, disposable gloves, boots, and clothing.  Place 
contaminated items in properly labeled containers for disposal.  Liquids and 
solids must be drummed separately.  Decontamination water can be taken to the 
on site groundwater treatment system for disposal. 

 
5.4 Specific Requirement for Downhole and Heavy Equipment 

Downhole equipment consists of nonsampling tools such as hollow-stem augers, drill 
pipe, bits, casing, and screen.  Drill rigs, backhoes, and other heavy machinery are 
also included.  Equipment necessary to complete decontamination procedures 
includes: 
 
• Plastic sheeting or steel, prefabricated decontamination pad.  See below for 

decontamination pad construction requirements. 
• Metal, wooden, or plastic sawhorses or other stands 
• Laboratory-grade detergent, Liquinox® recommended 
• Steam cleaner or high pressure hot water washer capable of generating 2,500 

pounds per square inch of pressure and producing steam or hot water (200 ºF), 
with soap compartment 

• Stiff-bristle brushes 
• 2- to 5-gal manual pump sprayer (pump sprayer must be compatible with the 

solution used) 
• Potable water 
• Gloves, goggles, boots, and other protective clothing as specified in the site-

specific health and safety plan. 
 
Before drilling, sampling, excavating, leaving the site, and in between each location, 
all drilling equipment used in field sampling activities must be decontaminated.  All 
downhole augering, drilling, and sampling equipment shall be sandblasted (off-site) if 
it is new, painted, (such as split spoons or auger flights) or exhibits build-up of rust or 
caked material.  Heavy equipment not directly used for sampling will be 
decontaminated at a designated area designed to contain decontamination wastes and 
waters.  The area designated is located at the on site wastewater treatment plant 
decontamination pad.  If a decontamination pad is needed for site-specific 
requirements, a temporary pad can be constructed.  The following steps must be taken 
when decontaminating this equipment. 
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1. Set up a decontamination pad that is large enough (up to the size of the drill rig) 
to fully contain the equipment to be cleaned.  If practical, a centralized 
decontamination area should be established.  This area should be set up to contain 
contaminated rinse waters and may be constructed using one or more layers of 
heavy plastic sheeting, 6mm or heavier, with bermed sides, a lined excavated pit, 
or a bermed concrete or asphalt pad.  If possible, the area should be constructed to 
eliminate or minimize any overspray or wind-blown spray from decontamination 
activities (e.g., plastic sheeting secured to a wood frame surrounding the area).  
The decontamination area must be constructed so that fluids can be easily pumped 
from the area to holding containers. 

 
2. Set up a "clean" area upwind of the decontamination pad to receive cleaned 

equipment for air drying.  At a minimum, clean plastic sheeting must be used to 
cover surfaces on which decontaminated equipment is to be placed. 

 
3. Don personal protective equipment as specified in the site-specific health and 

safety plan before beginning cleaning activities. 
 

4. For heavy equipment, areas exposed to contaminated soil should be sprayed using 
a steam spray unit.  Be sure to spray down all surfaces, including the 
undercarriage.  It is also good practice to clean the motor, hydraulic lift, oil fill, 
and fuel tank area to avoid introducing contamination at the work site. 

 
5. For smaller equipment such as augers, place the objects to be cleaned on metal or 

plastic-covered wooden sawhorses, supports, or decontamination trays.  Using the 
steam-spray unit, spray the contaminated equipment.  Be sure to spray inside 
corners and gaps especially well; use a brush, if necessary, to dislodge dirt. 

 
6. For steps 4 and 5, aim the sprayer downward as much as possible to avoid 

spraying outside the decontamination area. 
 

7. If the condition of downhole or heavy equipment warrants using hot soapy water 
in the steam-spray unit, rinse the equipment with clean, clear potable water 
following the steam spray.  If using steam spray without a detergent the potable 
water rinse is not necessary. 

 
8. Remove the equipment from the decontamination area to the "clean" area to dry. 

 
9. Record decontamination protocol, equipment types, and date on the FADL. 

 
10. After decontamination procedures are complete, or any time the decontamination 

fluids fill the bermed or contained area, decontamination fluids will be collected 
and transferred to appropriate containers.  Place all plastic and personal protective 
equipment into appropriate containers.  All containers must be labeled properly 
for disposal.  Liquids and solids must be drummed separately. 

 
5.5 Specific Requirement for Pump and Pump Assemblies 
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Any pump in which potentially contaminated fluids come into contact with any part 
of the pump equipment requires decontamination.  This requirement does not apply to 
peristaltic pumps because water does not contact any part of the pump.  Only Teflon® 
or Teflon®-lined tubing should be reused for sampling after decontamination.  If 
using PVC or polyethylene tubing, discard the tubing after each use unless the tubing 
is used for well development, where properly-decontaminated tubing may be reused.  
Polyethylene or PVC tubing can not be properly decontaminated and potential for 
cross-contamination during sampling remains high.  This requirement also applies to 
the tygon tubing attached to the rollers of a peristaltic pump.  The tygon tubing shall 
be discarded after use at a well.   
 
The procedure provided below applies primarily to the decontamination of bladder 
pumps.  A field setup may be implemented while decontaminating pumps other than 
bladder pumps or if frequent trips to the field office are not practical or cost effective. 
 Equipment needed to complete decontamination procedures include: 
 
• Deionized water 
• Plastic sheeting 
• Source of electricity (generator or direct line) 
• Compressor and controller for bladder pumps 
• Three to five decontamination cells (4-inch diameter PVC) for pumps and tubing  
• Laboratory-grade detergent, Liquinox® recommended 
• Gloves, goggles, boots, and other protective clothing as specified in the site-

specific work plan. 
 

Following the use of a pump for development, purging, or sampling, the pump should 
be decontaminated by the following method. 
 

1. Set up decontamination cells in a line on the plastic.  Only three cells are required 
for normal decontamination. 

 
2. Add potable water with a small amount of detergent to the first container; add 

potable water alone to the second container.  Add deionized water to the third 
container.  There should be sufficient water in each container to accomplish the 
decontamination procedure.  

 
3. Place one drum close enough to the decontamination area to collect the spent 

decontamination fluids. 
 

4. Place the pump in the first container and pump enough water through it to equal at 
least three pump-and-tube-volumes.  Pump the water into the waste drum.  Move 
the pump to the second container and repeat.  Repeat again with deionized water 
in the third cell.  However, one volume of deionized water is the minimum 
amount required for this rinse. 
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5. If necessary, the pump can be disassembled and each part can be decontaminated 

using several buckets as described in the equipment decontamination method 
above.  

 
6. Record decontamination protocol, equipment types, and date on the FADL.  

 
7. After decontamination activities are complete, collect all contaminated water; 

solvents; plastic sheeting; aluminum foil; and disposable gloves, boots, and 
clothing.  Place contaminated items in properly labeled drums for disposal.  
Liquids and solid wastes must be drummed separately and handled in accordance 
with the investigation-derived waste procedure.  (Liquids will be disposed at the 
on site wastewater treatment plant.) 

 
5.6 Specific Requirement for Downhole Probes 

Decontamination of downhole probes, such as water level indicators, pressure 
transducers, Trolls®, etc. shall be based on the contamination expected in a well and 
on professional judgement. 
 
5.6.1 Water Level Indicator 

For decontaminating water level indicators during snapshot water level 
sweeps, follow the steps given below: 

 
1. Carry a detergent solution and deionized water in two separate spray 

bottles. 
 

2. Spray detergent solution in a piece of paper towel and deionized water in 
another piece of paper towel. 

 
3. This method involves wiping the water level indicator cable as it is pulled 

out of a well. 
 

4. Grab the water level indicator cable with the two paper towels in your 
hands such that the detergent paper towel is below the deionized water 
paper towel. 

 
5. The cable should be pulled out slowly by a second person and rolled onto 

the carrying wheel. 
 

6. Once the probe is out of the well, spray it first with the detergent solution 
and then with deionized water.  Wipe with a clean paper towel and store in 
the carrying case. 

 
Records generated as a result of this written procedure will be controlled and 
maintained in the project record files. 

 
5.7 Restrictions and Limitations 

• Fluids decontamination rinses must be stored separately until disposal is made at 
the on site wastewater treatment plant. 
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• All deionized or distilled water must have field-blank samples collected and 

analyzed at the proper frequency to ensure the purity of the water. 
 

6.0 EXCEPTION PROVISIONS 
None. 

 
7.0 REFERENCES 

American Society for Testing of Materials (ASTM), 1990, Standard Practice for 
Decontamination of Field Equipment Used at Radioactive Waste Sites, D 5088-90, 
September. 
 
U.S. Environmental Protection Agency (EPA), 1991, Handbook of Suggested Practices for 
the Design and Installation of Around-Water Monitoring Wells, EPA/600/4-89/034, PB 92-
216886, March. 
 
U.S. Environmental Protection Agency (EPA), 1996, Standard Field Cleaning Procedures, 
Appendix B, Environmental Investigations Standard Operating Procedures and Quality 
Assurance Manual, USEOA Region 4, May. 

 
 

8.0 TABLES 
  None 
 
9.0 ATTACHMENTS 

None. 
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IT STANDARD OPERATING PROJECT 
PROCEDURE 
LONGHORN ARMY AMMUNITION PLANT 
ATTACHMENT 5  
Subject:  INVESTIGATION DERIVED WASTE 
 
1.0 PURPOSE AND SUMMARY 

This Standard Operating Project Procedure (SOPP) establishes specific management 
practices for the in-process handling and subsequent disposition of environmental media 
generated as a result of investigation and removal actions.   

 
Longhorn Army Ammunition Plant (LHAAP) is conducting investigation, remediation, and 
removal activities, which generate environmental media.  The media typically consists of 
drill cuttings, monitor well purge and development water, spent PPE, and other inert 
materials (i.e., plastic, rope, tape, paper, etc.) generated during operations, well installation 
and sampling activities, remedial actions, and associated site activities.  When accumulated, 
the media must be managed appropriately to minimize the exposure to human health and the 
environment while adhering to applicable regulatory requirements.  

 
2.0 TABLE OF CONTENTS 
 1.0 Purpose and Summary 
 2.0 Table of Contents 
 3.0 Responsibilities 
  3.1 Site Manager 
  3.2 Field Team 
  3.3 Site Contractor Quality Control Systems Manager (CQCSM) 

4.0 Definitions 
5.0 Text 

  5.1 Required Records and Forms 
  5.2 Required Materials, Equipment, or Supplies 

 5.3 Procedures 
5.3.1 Preparation 

   5.3.2 Specific Preparation 
  5.4 Characterization of Media 
  5.5 Management and Disposition 

 5.6 Waste Water 
 5.6.1 Nonhazardous Wastewater 

  5.6.2 Hazardous Wastewater  
 5.7 Solids 
  5.7.1 Nonhazardous Solids 
  5.7.2 Hazardous Solids 
6.0 Exception Provision 
7.0 Cross References 
8.0 Tables 
9.0 Attachments 
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3.0 RESPONSIBILITIES 
 
 3.1 Site Manager 

The Site Manager or Field Team Leader, is responsible for ensuring that field 
activities are completed to meet the project objectives, that they are conducted in 
accordance with the project plans and requirements, and that all activities are 
performed according to the respective procedures. The Site Manager is responsible 
for ensuring that all site personnel are trained in the procedures, that the procedures 
are adhered to, and that all activities are documented. 

 
3.2 Field Team 
 All members of the field team (samplers, technicians, field geologists, engineers, etc.) 

are responsible for understanding and implementing this field procedure as well as 
ensuring that all team members also perform work in accordance with this procedure. 

 
3.3 Site Contractor Quality Control Systems Manager (CQCSM) 
 The Site CQCSM is responsible for ensuring that this procedure is correctly 

implemented and that the quantity and quality of field measurable physical 
characteristic samples collected meet the requirements of the project.  

 
4.0 DEFINITIONS 

None. 
 
5.0 TEXT 
 
 5.1 Required Records and Forms 

• Sample Collection Log (SCL) 
• Field Activity Daily Log (FADL) 
• Sample tags/labels and the appropriate forms/documentation for sample shipment 
• Material Safety Data Sheets (MSDS) 
• Field Sampling Plan/Work Plan. 

 
5.2 Required Materials, Equipment, or Supplies 

• Indelible black ink pens and markers 
• Appropriate sample containers 
• Insulated cooler and water proof sealing tape 
• Nitrile or latex gloves 
• Decontamination equipment and supplies, including rinse bottles and deionized 

water 
• Personal protective clothing and gear 
• Appropriate equipment and meters for obtaining field measurements (i.e., 

PID/FID). 
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5.3 Procedures 

 
5.3.1 Preparation 

The following steps must be followed when preparing for management 
activities of IDW: 

 
• Verify that all personnel have read and understand the approved site-

specific health and safety plan and have the proper training and 
certifications required under OSHA. 

• Don the appropriate personal protective clothing as dictated by the site-
specific health and safety plan. 

• Document the sampling events, recording the information on the SCL or 
equivalent form as specified.  Document any and all deviations from 
standard operating procedures on the FADL and include rationale for 
changes. 

 
5.3.2 Specific Preparation 

The following paragraphs detail the planned methodologies for dealing 
environmental media once generated during site activities 

 
Initial Handling Requirements 
All environmental media will be managed in an effort to minimize exposure to 
human health and the environment.  Typically, the media will be generated as 
a result of two major activities, drilling soil-test borings and constructing and 
sampling ground-water monitoring wells.  In instances where soil test borings 
are advanced, either for the sole purpose of retrieving soil samples or to allow 
for the retrieval of a ground-water sample via a hydropunch or similar 
sampling device, including obtaining a sample from an open borehole, the 
following handling protocols for investigation-derived waste (IDW) soil will 
be used: 

   - All soil cuttings will be placed adjacent to the borehole on plastic or other 
suitable material capable of precluding contact with the ground surface. 

    - All cuttings will be covered daily or during rainfall events to prevent 
contact with moisture. 

    - Upon completion of the downhole activity (i.e., drilling, groundwater 
sampling, etc.), the soil cuttings will be placed back into the borehole from 
which they were generated. 

- Replaced cuttings will be compacted to the extent practical and a 1- by 1-
foot by three inches thick grout cap will be placed over the top of the 
borehole to prevent vertical migration of surface water. 

 
In cases where a soil-test boring is advanced for the purposes of installing a 
groundwater monitoring well, all environmental media accumulated will be 
containerized to allow for characterization upon generation and situated at a 
predesignated staging area or near the point of generation.  As solids are 
generated, they will first be placed into 55-gallon drums, or other approved 
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containers including roll-off boxes, until they are characterized as hazardous 
or nonhazardous.  Pending further characterization, solids may be bulked into 
larger approved containers situated within the work area.  Liquids may be 
bulked upon generation unless directed otherwise.  All solids and liquids will 
be separated prior to disposal. 
 
After each container (i.e., drum, roll-off box, etc.) has been filled, the 
container and lid, if appropriate, will be labeled indicating a description of the 
media (i.e., soil, purge water, decon water, PPE), origin of media (i.e., sample 
identification such as boring or well), date the media was placed in the 
container, site identification (i.e., LHAAP-##), date container was sealed and 
sampled, and any other pertinent information (i.e., hazardous versus 
nonhazardous).  The containers may be labeled using a paint pen or other 
indelible marker that will not fade when exposed to weather.  A record of the 
number of containers and their contents will be completed at each generation 
site and will be included in the logbook before leaving each site. 
 
At the end of each day and/or field activity, all containers will be sealed or 
covered in such a way to prevent the introduction of rain water or surface run-
off. 
 
A centralized staging area will be assigned for each site prior to initiation of 
any site work.  Unless directed otherwise, the staging area will be located 
within the boundaries of the site where field work will take place.  All filled 
containers generated for a given site will be placed in the central location.  
The containers will be moved from their original filling location to the staging 
area within 5 days of filling.  In the event that conditions are present 
indicating the potential for reactive wastes, special handling and storage 
precautions will be utilized.  The integrity of containers moved to the staging 
area will be monitored routinely, as required. 
 
Waste may be transported between sites when required or in preparation of 
disposal activities without specific regulatory concurrence.  

 
5.4 Characterization of Media 

The characterization of the media will be determined by a two-step process.  First, the 
materials will be characterized using analytical data obtained during the activity from 
which the materials were generated previously.  As stated, it is anticipated that 
specific generation activities will include soil-test borings, monitoring well 
installations, and monitoring well purge and development actions.  Water obtained 
from specific monitor well sampling points (i.e., purge and development water) will 
be characterized using groundwater sampling data taken from the specific well site 
from which the water was obtained.  Analytical data obtained from a particular 
borehole reflecting soil contaminant levels will be used to characterize solids 
generated from that borehole.  Other solids such as rock, spent PPE, plastic sheeting, 
rope, unused monitor well construction materials, and other environmental media 
generated during field activities will be characterized for disposal based on the 
analytical results of the soil and water sampled at the specific location where the 
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solids were generated.  Analytical results from both soils and water will be used to 
characterize decon water.  When appropriate, analytical data will be extrapolated to 
reflect toxicity characteristic leaching procedure (TCLP) values (i.e., 20x divisor rule 
for soils).  Generator's knowledge may be used to evaluate the media potential for 
corrosivity, ignitability, and reactivity. 

 
If analytical results indicate contaminant levels below 75 percent of TCLP values, no 
additional analytical testing will be performed and the media will be considered 
nonhazardous.  When analytical results indicate that elevated contaminant levels (i.e., 
more than 75 percent of TCLP) are present, additional analyses will be performed.  In 
these cases, composite samples will be taken for each type of media generated (i.e., 
soil, water) and for each specific generation location (i.e., monitoring well, soil 
boring, etc.).  Samples will be taken directly from the containers.  Where multiple 
numbers of containers are generated for a particular media and generation site, the 
samples will be taken to ensure that the volume of soil from which one composite 
sample is prepared is equivalent to no more than the volume contained by ten 55-
gallon drums.  The suite of analyses to be run will be determined based on suspected 
contaminants and any prior available analytical data.  Generator knowledge may be 
used to minimize the volume of analytical test required to adequately characterize the 
media.  Hazardous versus nonhazardous determinations will be made utilizing those 
parameters outlined in TCEQ Administrative Code R.  335-501-515, Criteria for 
Identifying the Characteristics of Hazardous Wastes and for Listing Hazardous 
Waste.  Where listed wastes are expected or where the potential exists, specific 
analytes (i.e., totals as opposed to TCLP) for the listed compounds will be tested in 
lieu of conducting a TCLP analysis.  All sampling and analytical testing protocols 
will be consistent with TCEQ/EPA requirements and methodologies. 

 
5.5 Management and Disposition 

Once adequately characterized, the containers will be labeled as described.  U.S.  
Department of Transportation (DOT) approved labels will be used if transportation 
outside of LHAAP boundaries is required or anticipated.  The media may also be 
bulked on site (within the staging area), with like waste streams possessing 
compatible nonreacting characteristics.  Hazardous and nonhazardous materials will 
be segregated and all liquids and solids will be separated.  Other specific management 
requirements are as follows: 

 
5.6 Waste Water 

In general, all waste water (including decontamination water) generated during the 
described site activities will be disposed within the confines of LHAAP at the onsite 
groundwater treatment plant (GWTP).  Other specifics are as follows: 

 
 5.6.1 Nonhazardous Wastewater 

Wastewater determined to be nonhazardous (Section 40 Code of Federal 
Regulations [CFR] Part 261), but possessing some level of contaminants, will 
be disposed directly into LHAAP’s GWTP.   
 
All discharges will be in accordance with provisions outlined in Water Quality 
Program, of TCEQ's Administrative Code.  More specifically, the discharge 
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will not be greater than 5 percent of the average dry weather capacity of the 
GWTP, greater than 5 percent of the design capacity of the GWTP, or subject 
to Section 403.6 of the Federal Water Pollution Control Act (FWPCA).  No 
disposal permit is required as long as the waste water is discharged in 
quantities of less than 25,000 gallons per day and the water is nonhazardous 
(40 CFR 261). 
 
Wastewater generated during site activities and for which analytical tests 
showed no level of contamination present above approved detection limits will 
be considered nonregulated.  The disposal means and methods of nonregulated 
waste water are at the discretion of LHAAP representatives (e.g., storm water 
system, open ditch, etc.) and do not require regulatory consultation or 
concurrence. 

 
 5.6.2 Hazardous Wastewater 

Hazardous wastewater will be transported, when required, and treated at an 
appropriate treatment facility when the following conditions are met: 

 
  1. The treatment facility meets the definition of a waste water treatment 

unit as defined TCEQ Administrative Code xxxxxxx. 
 

2. The treatment facility is capable of (a) rendering characteristically 
hazardous wastes (TCEQ Administrative Code xxxxxx) nonhazardous 
or (b) removing listed wastes (TCEQ Administrative Code xxxxxx) 
from the contaminated media so that the media no longer contains the 
listed waste for which the media was originally considered hazardous.  
If after treatment, analytical tests show the listed waste is not present 
above laboratory detection limits, then the contaminated media will be 
considered to no longer contain the listed waste and will no longer be 
considered hazardous. 

 
Wastewater determined to be hazardous may be transported between sites and 
within LHAAP boundaries for treatment/disposition in accordance with the 
previously outlined provisions without specific regulatory concurrence. 
 
In the event that LHAAP does not have a facility on-line capable of treating 
the hazardous wastewater at or approximately the time of generation, and the 
water is expected to remain onsite for a prolonged period of time (i.e., in 
excess of 120 days), the water will be stored in an area with an adequate 
secondary containment system until an approved treatment system is on-line. 
 
Unless specifically mandated by TCEQ and the EPA, the treatment and 
disposal of hazardous and nonhazardous wastewater will be performed as 
previously described.  The wastes will be treated and disposed in a timely 
manner so as to expedite site activities and to ensure the protection of human 
health and the environment.  Except where noted, specific written concurrence 
from TCEQ and EPA prior to those actions previously described is not 
required. 
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5.7 Solids 

Solids may include soil cuttings, rock, grout, spent PPE, plastic sheeting, rope, 
unused monitor well construction materials, and other environmental media generated 
during field activities.  All solids will be containerized at or near the point of 
generation and staged as described in Section 5.3.2.  Other specific management 
practices are as follows: 

 
 5.7.1 Nonhazardous Solids 

Soil cuttings and rock determined to be nonhazardous will be staged within 
the confines of the site from which they were generated.  After 
characterizations (hazardous versus nonhazardous) are finalized and 
depending upon site conditions, nonhazardous cuttings will be removed from 
containers and replaced "at or near" the location from which they were 
derived.  "At or near" infers a media will be placed as near to its point of 
origin as is practical.  Examples would be placing monitoring well cuttings 
around the monitoring well from which they originated as opposed to within 
it.  However, when not practical, the media may be centrally located within 
the confines of the originating site in an area of minimal traffic and where the 
media could be managed in a manner protective of human health and the 
environment.   
 
In the event that site conditions are not conducive to the replacement of the 
materials, soils exhibiting contaminant levels below analytical detection limits 
are considered non-regulated and will be disposed at the discretion of LHAAP 
representatives.  Other nonhazardous solids such as spent PPE, plastic 
sheeting, rope, unused monitor well construction materials, and other 
environmental media generated during field activities that have been 
determined to be nonhazardous will be emptied into dumpsters or roll-offs for 
disposal at a permitted solid waste disposal facility. 

 
  5.7.2 Hazardous Solids 

For management and disposition purposes, the solids will be broken 
into two major categories:  those exhibiting hazardous characteristics 
and those containing listed hazardous waste. 
 
Solids exhibiting hazardous characteristics or that contain a listed 
hazardous waste will be stored upon generation "at or near" the point 
of generation within the site of origin or bulked in anticipation of 
disposal activities at a centralized location at LHAAP.  Secondary 
containment will not be required for the storage of hazardous solids as 
long as the containers are secure and monitored routinely for releases.  
Unless otherwise directed, the solids will not be subject to 90-day 
storage requirements. 
 
Whenever practical and depending upon actual site conditions, 
containerized solids that do not possess hazardous characteristics but 
do contain listed wastes, will be removed from their storage containers 
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and replaced "at or near" the location from which they were derived.  
The solids may be replaced anytime after characterization is complete, 
but most likely at the end of the project phase.  Once replaced, the 
materials will be managed in a manner as to minimize surface erosion.  
Because of the known presence of contaminants, the solids will be 
managed in a manner protective of human health and the environment. 
 
The disposition of solids possessing hazardous characteristics will be 
determined on a case-by-case basis depending on specific 
contaminants, concentrations, and site conditions.  The solids will be 
returned (i.e., from storage containers) to the site from which they 
were generated and the remediation of the media, if required, will be 
addressed, at which time a remedial plan is prepared for other 
contaminated soil at the site.  Prior to this replacement, a request 
detailing the planned placement procedures with a site sketch 
indicating the planned placement location will be provided. 
 
In the event that hazardous solids are not allowed to be returned to the 
site and on site treatment is not available, the media will be disposed 
off-site in accordance with state and federal requirements in a 
permitted disposal facility, as required. 

 
6.0 EXCEPTION PROVISION 

None. 
 
 
7.0 C ROSS REFERENCES 

U.S.  Environmental Protection Agency (EPA), 1992a, Guide to Management of 
Investigative-Derived Wastes, Office Of Solid Waste and Emergency Response, Publication 
9345.3-03FS, April 1992. 

 
U.S.  Environmental Protection Agency (EPA), 1992b, Management of Contaminated 
Media, Region IV EPA, Guidance Number TSC-92-02, December 28, 1992. 

 
U.S.  Environmental Protection Agency (EPA), 1991, Management of lnvestigative- 
Derived Wastes During Site Inspections, Office Of Research and Development, Publication, 
EPA/540/G-91/009, May 1991. 
 
McCoy and Associates, 1995, RCRA Regulations and Keyword Index, Elsevier, 1995. 
Alabama Department of Environmental Management (ADEM), Division 14 - Hazardous 
Waste Program, Revised Effective April 28, 1995. 

 
8.0 TABLES 
 None. 
 
9.0 ATTACHMENTS 
 None 
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STANDARD OPERATING PROCEDURE 

Subject:  Standards for Design of Field Data Collection Programs for Natural Attenuation 
Verification 

1. PURPOSE 

This procedure provides the standard practice for design of field data collection programs for natural 
attenuation verification.  The procedure includes the minimum required steps and quality checks that 
employees and subcontractors are to follow when performing the subject task. 

This procedure may also contain guidance for recommended or suggested practice that is based 
upon collective professional experience.  Recommended practice goes beyond the minimum 
requirements of the procedure, and should be implemented when appropriate.  Additional 
requirements for design of field data collection programs for natural attenuation verification may be 
developed as necessary, to supplement this procedure and address project-specific conditions and/or 
objectives. 

2. SCOPE 

Geosciences Standard Operating Procedure (SOP) T-GS-010 describes standards for design of field 
data collection programs for natural attenuation verification, and how such studies will be conducted 
and documented for projects executed by Shaw Environmental & Infrastructure, Inc. (Shaw E & I).  
The SOP addresses technical requirements and required documentation.  Responsibilities of 
individuals performing the work are also detailed. 

3. REFERENCES (STANDARD INDUSTRY PRACTICES) 

Design of Field Data Collection Programs for Natural Attenuation Verification should follow accepted 
industry practices for data collection, analysis and reporting.  These are presented in the latest 
version of the following ASTM Standards: 

ASTM D5408-93 Standard Guide for Set of Data Elements to Describe a Ground-Water Site: 
Part One-Additional Identification Descriptors 

ASTM D888-03 Test Methods for Dissolved Oxygen in Water 

ASTM D1125-95 Test Methods for Electrical Conductivity and Resistivity of Water 

ASTM D1293-99 Test Methods for pH of Water 

ASTM D1498-00 Practice for Oxidation-Reduction Potential of Water 

ASTM D4448-01 Guide for Sampling Groundwater Monitoring Wells 

ASTM D4658-03 Test Method for Sulfide Ion in Water 

ASTM E1689-95e1 Guide for Developing Conceptual Site Models for Contaminated Sites 
(editorially revised 2003) 

ASTM E1739-95 Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites 
(editorially revised 2002) 
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ASTM E1912-98 Guide for Accelerated Site Characterization for Confirmed or Suspected 
Petroleum Releases 

ASTM E 1943-98 Standard Guide for Remediation of Ground Water by Natural Attenuation at 
Petroleum Release Sites 

Additional reference materials, which are useful for conducting natural attenuation investigations, 
include the following: 

• Barcelona, M.J. and Helfrich, J.A., 1986, “Well construction and purging effects on groundwater 
samples,” Environmental Science Technology, Vol. 20, No. 11, pp 1179-1184. 

• Barczewski, B. and Marschall, P., 1989, “The influence of sampling methods on the results of 
groundwater quality measurements,” Proceedings of the International Symposium on 
Contaminant Transport in Groundwater, April 4-6, Stuttgart, Germany, H. E. Kobus and W. 
Kinzelback eds., pp 33-39. 

• Chapelle, F.H., 1993, Groundwater Microbiology and Geochemistry, Wiley & Sons, New York.  

• Collins, A.G., and Johnson, A.I., 1988, Groundwater Contamination: Field Methods, ASTM 
Publication Code Number 04-963000-38, ASTM Penn., 490 pp. 

• Dalton, M.G., Huntsman, B.E., and Bradbury, K., 1991, “Acquisition and interpretation of water-
level data”, Practical Handbook of Ground-water Monitoring, Ed. D.M. Nielsen, Lewis Publishers, 
pp 367-396. 

• ITRC, 1999, Natural Attenuation of Chlorinated Solvents in Groundwater: Principals and 
Practices, Interstate Technology and Regulatory Cooperation (ITRC) Work Group. 

• Pankow, J.F., and Cherry, J.A., 1996, Dense Chlorinated Solvents and Other DNAPLs in 
Groundwater, Waterloo Press, Portland, Oregon, 522 pp. 

• U.S. Environmental Protection Agency, 1985, Practical Guide for Ground-Water Sampling, 
EPA/600/2-85/104. 

• U.S. Environmental Protection Agency, 1987, Data Quality Objectives for Remedial Response 
Activities, EPA/540/G-87/003. 

• U.S. Environmental Protection Agency, 1999, Monitored Natural Attenuation at Superfund, RCRA 
Corrective Action, and Underground Storage Tank Sites, OSWER Directive Number 9200, 4-17p 
Office of Solid Waste and Emergency Response, Washington DC. 

• Wiedemeier, T.H., Wilson, J.T., Kampbell, D.H., Miller, R.N., and Hansen, J.E., 1995, Technical 
Protocol for Implementing Intrinsic Remediation with Long-Term Monitoring for Natural 
Attenuation of Fuel Contamination Dissolved in Groundwater, U.S. Air Force Center for 
Environmental Excellence, San Antonio, TX. 

• Wiedemeier, T.H., Swanson, M.A., Moutoux, D.E., Gordon, E.K., Wilson, J.T., Wilson, B.H., 
Kampbell, D.H., Hansen, J.E., Haas, P, Chapelle, F.H., 1996, Technical Protocol for Evaluating 
Natural Attenuation of Chlorinated Solvents in Groundwater, U.S. Air Force Center for 
Environmental Excellence, San Antonio, TX. 

Additional information regarding natural attenuation investigations can be found in the following 
websites: 

• http://www.epa.gov/swerust1/oswermna/  

• http://www.epa.gov/OUST/cat/mna.htm 
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• http://www.sandia.gov/eesector/gs/gc/na/mnahome.html  

• http://www.em.doe.gov/techguide/  

• http://www.itrcweb.org/common/default.asp  

• http://www.epa.gov/ada/csmos.html 

4. DEFINITIONS 

The following definitions are applicable to natural attenuation investigations and this SOP. 

• Abiotic—Occurring without the involvement of microorganisms 

• Accelerated Anaerobic Bioremediation—Addition of carbon substrates (electron donors) 
and/or nutrients to the subsurface in order to stimulate bacteria to degrade contaminants 

• Advection—Transport of water and dissolved molecules along the groundwater flow path at an 
average expected velocity 

• Aerobe—Bacteria that use oxygen as an electron acceptor 

• Aerobic—Environmental conditions where oxygen is present 

• Aquifer—An underground geological formation that stores and yields water in sufficient quantities 

• Anaerobic—Environmental conditions where oxygen is absent 

• Anaerobic Respiration—Process whereby microorganisms use a chemical other than oxygen 
as an electron acceptor.  Common “substitutes” for oxygen are nitrate, sulfate, iron, and carbon 
dioxide 

• Biodegradation—Biologically mediated conversion of one compound to another 

• Bioremediation—Use of microorganisms to control, transform and/or destroy contaminants 

• Co-metabolism—The process whereby a compound is converted to another chemical while 
microorganisms us other carbon compounds for their growth substrate 

• Daughter Product—A compound that results directly from the biodegradation of another 

• Desorption—The release of chemicals attached to solid surfaces (e.g., soil particles or grains) 

• Dilution—The combined processes of advection and dispersion resulting in a reduced 
concentration of the molecules (solute) in the groundwater 

• Diffusion—The process whereby molecules move from a region of higher concentration to a 
region of lower concentration as a result of Brownian motion 

• Dispersion—The spreading of molecules along and away from the expected groundwater flow 
path during advection as a result of mixing of the molecules (solute) and groundwater in individual 
pores and channels 

• Dispersivity—A property that quantifies mechanical dispersion in a medium 

• Effective Porosity—The percentage of void volume that contributes to percolation or 
groundwater flow, roughly equal to the specific yield 
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• Electron Acceptor—A compound capable of accepting electrons during oxidation-reduction 
reactions. (e.g., oxygen, nitrate, sulfate etc.) 

• Electron Donor—A compound capable of supplying electrons during oxidation-reduction 
reactions. (e.g., fuel hydrocarbons, naturally occurring organic carbon, etc.) 

• Hydraulic Conductivity—The relative ability of a unit volume of soil, sediment or rock to transmit 
water 

• Hydraulic Gradient—The maximum change in head per unit distance 

• Inorganic Compound—A chemical that is not based on covalent carbon bonds 

• Intrinsic Bioremediation—A type of in situ bioremediation that uses the innate capabilities of 
naturally occurring microbes to degrade contaminants without taking any engineering steps to 
enhance the process 

• Intrinsic Remediation—In situ remediation that uses naturally-occurring processes to degrade 
or remove contaminants without using engineering steps to enhance the process 

• Mechanical Dispersion—A physical process of mixing along a flow path in an aquifer resulting 
from differences in path length and flow velocity 

• Metabolic Byproduct—A product of the reaction between an electron donor and an electron 
acceptor. Metabolic byproducts include volatile fatty acids, and daughter products of chlorinated 
aliphatic hydrocarbons (methane and chloride) 

• Microcosm—A laboratory vessel set up to resemble as closely as possible the conditions of a 
natural environment 

• Mineralization—The complete degradation of an organic chemical to carbon dioxide and water 
and, in some cases, inorganic ions 

• Monitored Natural Attenuation—The reliance on natural attenuation processes to achieve site-
specific remediation objectives within a time frame that is reasonable compared to that offered by 
other more active methods. (U.S. EPA, 1999) 

• Monooxygenase—A microbial enzyme that catalyzes reaction in which one atom of the oxygen 
molecule is incorporated into a product and the other atom appears in water 

• Natural Attenuation Processes—A variety of physical, chemical or biological processes that, 
under favorable conditions, act without human intervention to reduce the mass, toxicity, mobility, 
volume, or concentration of contaminants in soil or groundwater. (U.S. EPA, 1999) 

• Non-Aqueous Phase Liquids (NAPL)—Organic liquid that exists as a separate layer when 
mixed with water 

• Obligate Aerobes—Microorganisms that can use only oxygen as an electron acceptor 

• Obligate Anaerobes—Microorganisms that grow only in the absence of oxygen 

• Oxidation—Loss of electrons from a compound, such as an organic contaminant 

• Porosity—The ratio of total void volume to total volume of a rock or sediment 

• Primary Substrate—The electron donors and electrons acceptor that are essential to ensure the 
growth of microorganisms 
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• Respiration—The process of coupling oxidation of organic compounds with the reduction of 
inorganic compounds such as oxygen, nitrate, manganese IV, iron III and sulfate 

• Reduction—Transfer of electrons to a compound such as oxygen. It occurs when another 
compound is oxidized 

• Saturated Zone—Subsurface environment (i.e., soil or rock) where pore spaces are completely 
filled with water 

• Site Conceptual Model—A description of the contaminant distribution at a release site, how the 
release occurred, the current state of the source area, the possible geochemical site type, the 
current plume characteristics, and potential future plume characteristics 

• Sorption—Attachment of a substance on the surface of a solid by physical or chemical attraction 

• Stabilization—The process whereby chemical molecules become chemically bound or 
transformed by a stabilizing solid (e.g., clay, humic materials), reducing the mobility of the 
molecule in groundwater 

• Substrate—A compound that microorganisms can use in the chemical reactions catalyzed by 
their enzymes 

• Sulfate Reducer—A microorganism that exists in anaerobic environments and reacts with sulfate 
ions to form hydrogen sulfide 

• Unsaturated Zone (Vadose Zone)—Subsurface environment (i.e., soil or rock) above the water 
table where pores are partially or largely filled with air. 

• Volatilization—Transfer of a chemical from the liquid to the gas phase 

5. RESPONSIBILITIES 

5.1. Procedure Responsibility 

The Geosciences Discipline Lead is responsible for the development, maintenance, and revision of 
this procedure.  Any questions, comments, or suggestions regarding this technical SOP should be 
sent to the Geosciences Discipline Lead.  The Geosciences Discipline Lead’s location and associated 
contact information can be found on the Insider. 

5.2. Project Responsibility 

Employees conducting natural attenuation investigations, or any portion thereof, are responsible for 
meeting the requirements of this procedure.  Employees conducting technical review of company 
natural attenuation investigations are also responsible for following appropriate portions of this SOP. 

For those projects where natural attenuation investigations are conducted, the Project Manager, or 
designee, is responsible for ensuring that investigation activities are conducted in accordance with 
this and other appropriate procedures.  Project participants are responsible for recording information 
in sufficient detail to provide objective documentation (i.e., checkprints, calculations, reports, etc.) that 
the requirements of this SOP have been met.  Such documentation shall be retained as project 
records. 

6. PROCEDURES (TECHNICAL REQUIREMENTS AND STANDARDS) 

The term “natural attenuation” refers to naturally-occurring processes in soil and groundwater 
environments that act without human intervention to reduce the mass, toxicity, mobility, volume or 
concentration of contaminants in those media.  These in-situ processes include biodegradation, 
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dispersion, dilution, adsorption, volatilization, and chemical or biological stabilization or destruction of 
contaminants (EPA, 1996).  All chemicals are affected by some of these processes in the 
environment. 

Natural attenuation is generally evaluated using a “lines of evidence” approach.  This approach forms 
the basis for all current protocols and guidance documents.  The suggested lines of evidence are: 

1. Documented reduction of contaminant mass at the site – This line of evidence is documented 
by reviewing historical trends in contaminant concentration and distribution, in conjunction with 
site geology and hydrogeology, to show that a reduction in the total mass of contaminants is 
occurring at the site 

2. Presence and distribution of geochemical and biochemical indicators of natural 
attenuation – This line of evidence is documented by changes in concentrations and distributions 
of geochemical and biochemical indicator parameters that have been shown to be related to 
specific natural processes 

3. Direct evidence – This line of evidence is documented through laboratory bench tests and 
microcosm studies and is used to do the following: 

• Confirm specific processes that cannot be conclusively demonstrated with field data alone  

• Estimate site-specific degradation rates that cannot be conclusively demonstrated with field 
data alone 

The requirements, standards and/or procedures for conducting natural attenuation investigations are 
based upon the lines of evidence approach and are provided in the following text. 

6.1. Methodology for Design and Implementation of Field Data Collection Programs for Natural 
Attenuation Verification 

Natural attenuation investigations are conducted using a combination of field data collection and data 
evaluation techniques. The natural attenuation investigations process consists of several individual 
steps that should be incorporated into the design of programs for verification. These steps include the 
following: 

1. Review Available Site Data 

2. Review/Develop Site Conceptual Model 

3. Screen the Data for Evidence of natural Attenuation and Develop Hypothesis to Explain the 
Attenuation Processes 

4. Identify Additional Data Requirements. 

5. Collect Additional Data 

6. Refine the Site Conceptual Model 

7. Conduct Performance Monitoring 

These steps are common to all natural attenuation investigations regardless of their size or scope. 
Methodologies and basic requirements for each of the steps are included in the following sections.  All 
the steps require documentation of their approaches and conclusions to complete the study process. 
The documentation/requirements are also described in the following sections. 

6.1.1. Step 1- Review Available Site Data 

The first step in evaluating natural attenuation is to review existing data.  The data should initially be 
evaluated to determine the contaminants of concern at the site.  Typically, the first line of evidence, 
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(i.e., loss of contaminants) is documented by reviewing historical trends in contaminant 
concentrations and distributions in conjunction with site geology and hydrogeology, to show that a 
reduction in the total mass of contaminants is occurring at the site.  The second line of evidence is 
documented by examining change in the concentrations and distributions of geochemical and 
biochemical indicator parameters that have been shown to be related to specific natural attenuation 
processes.  

Hydrogeologic and geochemical data can be used to indirectly demonstrate the type(s) of natural 
attenuation processes active at the site, and the rate at which such processes will reduce contaminant 
concentrations to required levels.  Historical contaminant data can be interpreted as follows: 

• A shrinking plume is evidence of natural attenuation; 

• A stable plume is evidence of natural attenuation; 

• An expanding plume indicates the contaminant mass loading rate to groundwater exceeds the 
natural attenuation rate. 

Historical data may be presented in contour maps to depict concentration profiles.  The maps should 
show the size and shape of contaminant plume and distribution of geochemical parameters.  The data 
are then presented in terms of surface area impacted.  The data may also be presented in graphical 
format to demonstrate trends in contaminant concentrations.  The data and results of the review are 
also used to develop the site conceptual model. 

6.1.2. Step 2 Review/Develop Site Conceptual Model 

Upon review of the historical data a site conceptual model should be prepared.  The site conceptual 
model is a description of the site-specific hydrogeologic system and contaminant transport 
mechanisms.  The model will generally include groundwater flow and solute transport pathways but 
may also include other transport mechanisms.  This model is typically used to achieve that following 
goals: 

• Present and explain chemical distributions in the site groundwater in relation to groundwater flow 
and transport processes; and 

• Facilitate the identification of risk assessment elements used in exposure analysis, including 
sources, release mechanisms, transport pathways, exposure points, and potential receptors. 

• Determine appropriate types, numbers and placement of sample locations 

The Project Hydrogeologist should review and approve the developed conceptual model.  Any 
changes to the data collection program’s scope and/or conceptual model must be documented and 
approved by the Project Hydrogeologist, with a reference to the original documentation.  The Project 
Hydrogeolgost is the professional responsible for technical oversight of hydrogeologic characterization 
of the site and verifying that the conceptual model is consistent with observed site conditions. 

The conceptual model will include and depict/describe the following site characteristics, as applicable: 

• The nature and three-dimensional (3-D) extent of contamination, including: 

• Contaminant species 

• Contaminant properties 

• Contaminant location 

• Contaminant concentration 

• Contaminant form/phase (solid, NAPL, vapor, adsorbed) 
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• Site processes mobilizing contaminants, including: 

• Volatilization 

• Leaching 

• Mobile NAPL- gravity, water table fluctuations, groundwater flow 

• Dissolution in Groundwater 

• Factors/influences on contaminant transport, including: 

• Lithology 

• Hydrogeology (flow rates, flow paths, gradients) 

• Utilities 

• Changes in contaminant location and concentration with time, including: 

• Soil concentrations 

• NAPL movement 

• Changes in dissolved fraction 

• Seasonal fluctuations. 

• Definition of the point(s) of attainment, such as: 

• Surface water bodies 

• Drinking water supplies 

• Ecological receptors 

• Vapor concentration points 

• Downgradient monitoring wells 

The conceptual model’s scope should also include: 

• A basic description of the problem 

• Site background information 

• Definition of the area to be investigated 

• Special factors, which may influence the investigation program. 

Natural attenuation field investigations should be designed to characterize and quantify the natural 
attenuation processes that affect each contaminant and potential contaminant identified at the site. 
Some processes may dominate the attenuation process such as biodegradation for organic 
compounds. 

Consideration should be given to the change in geochemical conditions of the aquifer caused by 
natural attenuation process affecting other chemicals.  For instance, although metals are not 
biodegradable, intrinsic biodegradation of organics may create conditions in which the mobility, or 
toxicity of metals may increase or decrease.  Examples of this may be reduction of hexavalent 
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chromium to trivalent chromium under reducing conditions or increased solubility of barium under 
sulfate reducing conditions. 

Some consideration should be given to the spatial distribution of the conditions causing natural 
attenuation.  Contaminants may migrate through zones in which various natural attenuation processes 
may be encountered.  For instance, chlorinated ethenes may migrate from highly reducing zones into 
oxidizing conditions.  Each of these areas will have a different affect on the attenuation. 

The conceptual model should also be used to evaluate if a site is a candidate for monitored natural 
attenuation (MNA) (see definitions, Section 4).  Generally, contaminants that may be considered for 
MNA approach can be separated into two separate groups as follows: 

• Organics 

• Fuel hydrocarbons  

• Chlorinated organics  

• Explosives 

• Pesticides 

• Herbicides  

• Inorganics 

• Metals 

• Inorganic anions 

• Radioactive nuclides  

The conceptual site model should be used to determine the potential maximum distance of plume 
migration before the migration of the plume can be arrested by implementation of a contingency plan. 

6.1.3. Step 3 - Screen the Data for Evidence of Natural Attenuation and Develop Hypothesis to 
Explain the Attenuation Processes 

Although historical data is often incomplete for completion of natural attenuation investigations 
sufficient data may be available to develop a hypothesis.  In general, little data are required to develop 
a hypothosis to evaluate natural attenuation.  If the contaminants are known, then an understanding of 
the attenuation processes that typically affect that contaminant may be speculated. An example would 
include adsorption or dispersion of inorganic plumes or biodegradation of petroleum hydrocarbons. 

A useful tool for site screening is a scorecard that is associated with each contaminant.  Various 
scorecards are presented in several of the protocols listed above.  The scorecard is designed to help 
rapidly determine if natural attenuation may be possible under the observed site conditions.  Credit is 
added or subtracted based on the presence of favorable or unfavorable conditions.  Scorecards are 
useful if sufficient information is collected during the investigation process.  The scorecard may also 
be a useful tool in identifying data gaps. 

6.1.4. Step 4 - Identify Additional Data Requirements 

Typically, site characterization investigations are designed to determine the absence of presence of 
contamination and are not designed to describe how the plume is behaving.  Generally, these do not 
emphasize the hydrogeologic characterization of the site. 

As delineated in the EPA policy directives, a MNA monitoring system should be adequately designed 
to do the following: 
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• Demonstrate that natural attenuation is occurring at an acceptable rate 

• Determine if the contaminant plume is expanding either laterally or vertically 

• Ensure no impact to potential receptors 

• Detect new contaminant releases into the environment that could alter the effectiveness of natural 
attenuation processes 

• Detect any changes in environmental conditions that may reduce the efficacy of natural 
attenuation processes 

• Identify potentially toxic transformation products resulting from the degradation of organics or the 
decay of radionuclides 

• Verify the attainment of cleanup objectives. 

Selection of natural attenuation as a remedy demands a higher level of understanding of the 
mechanisms acting on the contaminant plume than needed for other remediation techniques. 
Therefore, more importance is given to collecting data from the site.  Natural attenuation 
investigations include characterization of the magnitude and extent of contamination.  Additional 
emphasis is placed on collection of data indicative of attenuation processes.  The purpose of the 
natural attenuation investigation should be conducted to determine the following site characteristics: 

• Characteristics of plume formation 

• Three-Dimensional distribution of the source and extent of contamination 

• Movement of water and vapor through and from the source area.  

• Variation in groundwater flow velocity and direction 

• Hydraulic conductivity, gradient, dilution/dispersivity 

• Rate of transport and rate of attenuation of contaminants including: 

• Mass flux of contaminants 

• Change in concentration along flow path 

• Biodegadation rates 

• Supply of electon acceptors or donors to complete attenuation of the contaminants in 
groundwater 

• Persistence of contaminant mass through adsorption and precipitation  

The data collected is focused on concentration of geochemical indicators as well as the contaminants. 
Contaminant concentration data are organized to determine the flux of contaminant in the entire 
plume from the source along flow path and to the receptor.  Data are needed to determine direction 
and rate of contaminant migration.  Data may also be needed to indicate changes in environmental 
conditions over time, especially changes that may indicate diminished natural attenuation 
performance or inability to effectively monitor the system. 

MNA field investigations may be divided into two separate zones, a MNA management zone and an 
MNA buffer zone.  The MNA management zone encompasses the maximum projected plume 
boundary based on understanding of flow, transport and attenuation processes and quantitatively 
accounts for all remaining uncertainties.  The management zone is not necessarily the size of the 
plume as it currently exists.  A larger zone may be established for plumes that have not become 
static.  The management zone can be further divided into the following zones. 
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• Source Zone – encompasses the high concentration area in which contaminant are dispersed 
into the aquifer. 

• Plume boundary- encompasses the lateral and vertical extent of the contaminants of concern. 

• Non-Significant Migration zone- encompasses the zone between the plume and sentinel wells in 
which the plume can migrate without the initiation of contingency plans. 

The MNA buffer zone encompasses the area extending from the MNA management zone boundary 
to the nearest potential receptor.  Sample locations should be placed to define and monitor changes 
in the biochemical and geochemical characteristics of each of the MNA management zones.  The 
density of sampling during characterization must be related to the geological complexity of the site. 

Site characterization monitoring should consider multiple lines of evidence including: 

• Redox conditions 

• Distribution of contaminants and daughter products. 

• Hydrologic framework 

The types, amounts and location of data to be collected and developed from steps 1 through 4 should 
be described in a sampling and analysis plan as part of the project-specific work plans.  The sampling 
and analysis plan and/or project work plans should also include the following: 

• Basic information and results generated from steps 1 through 4 

• Types of analyses to be conducted on the samples 

• Detailed procedures for sampling and field data collection 

• Quality assurance/quality control (QA/QC) requirements for sample collection, handling, analysis 
and validation. 

The project work plans should be used to help guide the collection of additional data. 

6.1.5. Step 5 - Collect Additional Data 

Upon determination of the data requirements necessary for completion of the natural attenuation, the 
field investigation should be conducted.  Generally, these investigations use an iterative approach for 
determination of the fate and transport of chemicals in the matrix.  An iterative approach is conducted 
by alternately collecting data and identifying data gaps.  The process may begin by using screening 
tools for preliminary characterization data collection and progress to higher quality data collection 
devices for final site characterization.  The benefits of the iterative approach may include: 

• Higher resolution of data collection and analysis 

• Optimization of well placement and data collection 

• More representative data 

• Better understanding of the transport and fate of contaminants. 

• Greater investment in hydrogeologic characterization 

• More conservative estimate of contaminant mass 

Natural attenuation investigations may be conducted by collection and analysis of samples from a 
variety of matrices including air, soil, sediment, surface water and groundwater.  The actual matrices 
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to be sampled will be determined based on the location of the source, potential contaminant migration 
pathways and location of potential receptors.  

In general, samples primarily will be collected from soils and groundwater.  Surface sample collection 
may include grab soil and surface water samples.  Surface water level measurement locations may 
include pits, lakes, rivers, bays, and oceans.  Subsurface sample collection devices may include soil 
borings, wells and piezometers, and various direct push sample methods.  If site conditions permit 
direct push technologies may be used as an more cost effective method for data collection.  Wells 
and piezometers used in natural attenuation investigations should be constructed in a manner that 
allows accurate reflection of actual groundwater fluctuations.  Wells should be constructed in 
accordance with the appropriate Shaw E & I SOP(s). 

Wells should be installed upgradient of the plume to define background conditions in the aquifer. 
Additional wells should be installed along inferred centerline of the plume and on lateral and terminal 
edges of the plume.  

Sample collection should be conducted in a manner that allows the most representative conditions of 
the site.  Groundwater samples should be collected using low-flow purging techniques.  

All data should be maintained in appropriate permanent records in accordance with applicable 
Shaw E & I SOPs and/or project-specific requirements. 

6.1.6. Step 6 - Refine the Site Conceptual Model 

The field data should be evaluated to ensure that the data are sufficient to complete the goals of the 
natural attenuation investigation as defined in the project work plan.  Based on the review of the data, 
the conceptual model should be reevaluated to ensure that the investigation-derived data are 
sufficient to achieve the goals described in Section 6.1.2.  If data indicates that the conceptual model 
was substantially inaccurate, steps 1 through 5 may be reconducted to more accurately evaluate the 
natural attenuation characteristics of the site.  The revised site conceptual model should be reviewed 
and approved by the Project Hydrogeologist. 

6.1.7. Step 7 Conduct Performance Monitoring 

Once a conceptual model has been accepted, a period of monitoring is required to verify that the 
forecast of the conceptual mode.  There are three kinds of monitoring strategies: 

1. Site characterization to describe disposition of contamination and forecast its future behavior 

2. Validation monitoring to determine whether the predictions of site characterizations are accurate 

3. Long-term monitoring to ensure that the behavior of the contaminant plume does not change. 

The monitoring program should specify the location, frequency and type of samples and 
measurements necessary to evaluate whether the remedy is performing as expected and is capable 
of attaining remediation objectives.  All monitoring programs should be designed to accomplish the 
following: 

• Demonstrate that natural attenuation is occurring according to expectations; 

• Detect changes in environmental conditions (i.e., hydrogeologic, geochemical, microbiological, or 
other changes) that may reduce the efficacy of any of the natural attenuation processes; 

• Identify any potentially toxic and/or mobile transformation products; 

• Verify that the plume(s) is not expanding either downgradient, laterally or vertically;  

• Verify no unacceptable impact to downgradient receptors; 
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• Detect new releases of contaminants to the environment that could impact the effectiveness of 
the natural attenuation remedy; 

• Demonstrate the efficacy of institutional controls that were put in place to protect potential 
receptors; and 

• Verify attainment of remediation objectives. 

The frequency of monitoring should be adequate to detect, in a timely manner, the potential changes 
in site conditions listed above.  The frequency of validation monitoring should be related to: 

• The natural variability of the contaminant 

• The distance and time of travel from the source to the location where the acceptance criteria are 
applied 

• The reduction in contaminant concentration required to meet the acceptance criteria. 

Performance monitoring should be conducted until remediation objectives have been achieved, and 
longer if necessary to verify that the site no longer poses a threat to health or the environment. 

6.2. Potential Natural Attenuation Investigations Errors 

The following are common errors conducted during natural attenuation investigations.  The most 
effective method for eliminating errors is to assure collection of the highest quality data and to apply 
good hydrogeologic practices in conducting the investigations: 

• Inaccurate electron acceptor measurement 

• Inaccurate aquifer matrix organic carbon content determination 

• Inaccurate determination of hydrogeologic parameters (transmissivity, porosity, gradient)  

• Inaccurate determination of Non Aqueous Phase Liquids mass 

• Improper sampling procedures. 

• Improper placement of monitor wells vertically and horizontally 

• Underestimation of contaminant concentrations and mass. 

• Misidentification of contaminant migration routes (i.e., utility lines etc.) 

If natural attenuation investigations results do not make physical sense or are not consistent with 
observed site conditions, the study data and methods should be reviewed for potential errors or other 
causal factors.  The study results should then be revised appropriately before formally presenting the 
results and generating conclusions. 

6.3. Report Preparation 

The results of the natural attenuation investigation should be presented in an appropriate report.  The 
report should be prepared to satisfy the project requirements and in accordance with Shaw E & I 
SOPs. The report should include a description of the following items: 

• Description of the conceptual model 

• List of potential natural attenuation processes identified for further investigation; 

• Analytical data collected to evaluate potential natural attenuation processes; 
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• Field investigation methods employed to collect required data; 

• An evaluation of the data with respect to the potential attenuation processes identified; 

• Results of the data evaluation 

• Conclusions and uncertainties in the investigation results 

6.4. Technical Review 

All natural attenuation investigation plans, designs and results should undergo technical review.  The 
technical reviewer should be a person capable of planning and conducting the natural attenuation 
investigations, and also understanding and comparing observed field data to the conceptual and 
natural attenuation investigation results.  The technical reviewer should not have participated in the 
portion of the natural attenuation investigations to be reviewed.  The technical reviewer should be 
carefully selected and may be a qualified person outside the project team.  Individuals needing 
assistance in finding qualified technical reviewers may consult internal Shaw technical listings for 
experts in natural attenuation processes including hydrogeology, biology, and geochemistry or may 
possibly use an expert outside of Shaw, if necessary. 

The technical review, at a minimum, should consider and evaluate the following items: 

• Definition of problem – The basic description of the problem is provided as well as the basic 
scope of the natural attenuation investigation to be conducted. 

• Site conceptual model – The hydrogeologic system to be evaluated as well as the conceptual flow 
and solute transport system (if applicable) are appropriately defined and are supported by site 
data; parameters needed for evaluation of attenuation processes are appropriately identified; 
conceptual model is approved by the Project Hydrogeologist.  

• Sampling frequency - The sampling frequency must be at an interval appropriate to determine the 
parameters that are to be determined within the margin of error that is necessary to resolve the 
issue. 

Any issues raised during the technical review should be resolved between the reviewer and staff 
conducting the natural attenuation investigations before external (i.e., outside of Shaw E & I) 
submission of the draft or final report.  The technical review comments and issues, and corresponding 
resolution should be documented and filed with the project records.  If a natural attenuation 
investigation report is prepared documentation of the report review may also be included with the 
project records.  Such records should be maintained until project closeout.  

7. ATTACHMENTS 

None. 

8. FORMS 

None. 
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Subject:  Draft Final Minutes, Monthly Managers Meeting,                                      

Longhorn Army Ammunition Plant (LHAAP) 
 
Location of Meeting: Teleconference 
Date of Meeting:  May 15, 2007, 01:00 PM – 4:30 PM 
    
 
 
 
Meeting Participants:
BRAC:     Rose M. Zeiler 
USACE-Tulsa:        John Lambert 
USAEC   Jeff Armstrong 
Shaw Environmental:  Dave Cobb, Praveen Srivastav, John Elliott, Van Vangala, Kay 

Everett, Greg Jones, Jon Lindberg, Amar Bumb  
USEPA Region 6:  Steve Tzhone, Scott Harris, Mike Overbay, Gary Miller 
TCEQ:                   Fay Duke, Dale Vodak 
USFWS:   Paul Bruckwicki 
USGS:    Kent Becher, Phil Harte
  
Action Items from April 2007 Manager’s Meeting 
 
Army Action Items 

• Forward MMRP report to EPA and TCEQ when available.  The MMRP report was 
forwarded to EPA and TCEQ.   

• Utility easement transfer status.  The utility easement transfer status was discussed.  
Army indicated that the easement would be transferred to FWS when details are 
worked out. 

 
Shaw Action Item 

• Provide additional information on LHAAAP-16 to TCEQ.  Shaw provided 
additional information on LHAAP-16 to TCEQ. 

 
EPA Action Item 

• Steve Tzhone to determine if a proposed plan and public comment period is 
required with an NFA ROD that follows implementation of an Action 
Memorandum and EE/CA that had already undergone public review.  Steve 
indicated that an NFA ROD will still need to have a proposed plan with public review, 
but that those do not have to be complicated.   

 
TCEQ Action Items 
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• Fay Duke to respond to Shaw’s request to use actual data for calculation of a 

dilution factor after her review of data provided.  Fay Duke indicated that data from 
appropriate times were not available for Harrison Bayou and well 16WW12 to allow 
calculation of dilution factors.  She indicated that the results from the creek should be 
approximately 6 months after the result from the well, assuming a groundwater velocity 
of 225 feet/year. 

• Fay Duke will find out how Standard 3 MSC equations are to be used.  She will 
find out the applicability of the equations. 

 
 
Defense Environmental Restoration Program (DERP) PBC Update (Dave Cobb/Praveen 
Srivastav) 
 
Dave Cobb briefly went over the highlights on the document status table. EPA’s Steve Tzhone 
indicated that comments on the BERA document were not available as yet but they were close 
to being finalized.  He indicated that the comments would be broken up into three sections:  the 
first section will consist of general comments overall, the second section will consist of 
specific comments, and the third section will pertain to the development of a table showing 
COPECs, the contents which were not agreed upon in the past.  The reviewers felt that a table 
of COPECs should be included and may affect clean up alternatives.  Steve had more details 
from a BERA call the previous day and will give everyone a heads up on this later.  He 
expected the comments to come out the next week.   
 
Fay asked about Shaw’s responses to BERA Volume I comments.  Jon Lindberg with Shaw 
indicated that they were holding all responses until comments are received on Volume II.  Both 
volumes will be submitted together as one document.  Steve Tzhone said that they needed a 
conference call to discuss all issues and would include Susan Roddy’s comments who had been 
away.  Steve Tzhone said that all the assessors thought that the COPECs need to be addressed 
and agreed upon.  Praveen Srivastav stated that comments on Step 3 were about issues such as 
background evaluations, and were addressed to come up with the list of COPECs that was 
carried forward.  Dave Cobb indicated that the list of COPECs was submitted to the regulators 
before work on Steps 4 through 8 was commenced.  Shaw had added a few COPECs based on 
the review of Step 3 report by the regulators.  Jon Stated that Shaw expected some minor 
changes to the COPECs list but was not expecting extensive revisions.  Steve Tzhone indicated 
that the risk assessors didn’t know why some COPECs dropped off or why some new ones 
weren’t included.  Some clarification would have to be added.     
 
Rose Zeiler asked if the assessors were close to finalizing their comments.  Fay Duke indicated 
that comments on Volume II were very close to being finalized.  She said that Vicky Reat’s 
(TCEQ) comments on Volume I covered everything Susan Roddy (EPA) was worried about.  
Rose Zeiler said that the BERA would impact many TERC sites.  One of the concerns 
expressed by EPA risk assesors was that the CERCLA process was apparently not followed 
with respect to ecological risk for the TERC sites where feasibility studies and proposed plans 
were completed before BERA was complete.  Rose Zeiler said that the CERCLA process was 
not entirely followed with respect to ecological risk for some of the smaller TERC sites where 
ecological risk was not expected to impact remedial alternatives.  The decision to proceed was 
made in coordination with regulators in order to expedite these sites towards closure and 
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transfer while awaiting conclusion of the BERA.  In fact, the Army tracked the ecological risk 
associated with the TERC sites as the BERA proceeded in order to be aware of any unforeseen 
potential impact. Steve Tzhone said they plan to submit the comments the following week and 
then Shaw will have two weeks to respond to their comments.  Fay said that if Shaw had any 
comments or questions before she got back from her vacation, Shaw can talk directly with 
Vicky Reat, the TCEQ risk assessor. 
 
Dave Cobb continued with the Document Status update.  He said that the underground 
injection control (UIC) permit form had been submitted to the state.  Documents for other other 
sites were in various stages awaiting the availability of data from the BERA. 
 
Kent Becher with the USGS said that he would be glad to share the database they have been 
working on regarding LHAAP.  It was suggested they bring copies for the June monthly 
manager’s meeting.  They would be contacting Rose on what kind of presentation to make at 
the RAB meeting.   
 
Phil Harte, USGS, said they had some additional questions for Shaw regarding their modeling 
which may be addressed by phone.  There was some discussion on how the stream stage data 
was collected and the amount of data available.  Praveen Srivastav requested a separate call on 
the LHAAP-16 modeling issue because it may be a long discussion.  EPA’s reviewer Phil 
Harte had requested additional information to complete his review of the model.  Praveen 
Srivastav indicated that Shaw is putting the information together and will be send it out later in 
the week.  
 
Rose Zeiler asked how the regulators would be handling the USGS’ recommendation.  Steve 
Tzhone indicated that his assumption was that everyone would accept USGS’ 
recommendations.  Rose asked TCEQ how they would handle the USGS recommendation.  
Fay Duke said that they had not discussed how they would be handling them.  She indicated 
that Chuck’s reaction in the last meeting was not good and Fay was not ready to speak on this 
yet.  She asked if the USGS have any gauges for volumetric calculations.  There are some 12-
15 existing measurements over several months from December 1999-March 2000.  They may 
look at some local groups to get the volumetric calculations.  Steve reiterated that the USGS’ 
review of the model was aimed to help resolve any conflict regarding the use of the model and 
said this was not to be the final word, but he had hoped that recommendations made by the 
USGS would be helpful in resolving issues.  Phil can highlight some leading questions to get 
people to start thinking about them. Phil said he can wrap up quickly after getting information 
from Shaw (which will be sent by Thursday May 17, 2007) and send to Kent Becher by next 
week. Steve Tzhone will forward USGS comments to everyone when he receives it.  A call 
among the modelers is planned around the time of the next RAB meeting in June (June 11-13, 
2007). 
 
At Steve Tzhone’s request Mike Overbay and Gary Miller of USEPA were on the 
teleconference to answer questions about requirements for meeting Operating Properly and 
Successfully (OPS).  Rose Zeiler noted that OPS is required for deed transfers where property 
changes from federal to non-federal hands.  This is not the case at Longhorn where the Army is 
transferring the property to USFWS.  The United States Government remains the owner and 
only administrative control of the site is transferred from agency to agency and so by statutory 
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definition an OPS would not normally be required.  However, an OPS demonstration was 
added by Army to the Transfer Memorandum of Agreement (MOA) between USFWS and 
Army as a means by which USFWS would be assured the property was environmentally 
suitable for transfer.  
 
Mike Overbay said that OPS means that the Army must demonstrate that a remedy at a site is 
operating properly and successfully.  He said what should be included is a trend analysis and a 
projection by extrapolation of when the clean up goals be achieved as indicated in ROD.  Rose 
Zeiler asked that if MNA or LUC is the remedy, what will be needed to demonstrate OPS?  
Mike said EPA guidance document is helpful in this regard. And from a technical standpoint 
there is already an advantage – there’s no remedy to construct.  All historical monitoring that 
has been done at the site can be used to support OPS by demonstrating that anticipated and 
adequate progress is being made.  Rose asked if data for a certain period is required for an 
active remedy.  Mike indicated that the time of monitoring before OPS depends upon how 
much variability is in the data.  If the data show that concentrations have been showing a 
declining mass over time, there is no problem, but he went on to say that it is hard to say how 
long it will take to show the changes needed.  If there is variability in the data, a longer 
monitoring period may be required before OPS to obtain overall trends. 
 
Mike Overbay said that documentation for MNA can include all past monitoring in order to 
demonstrate OPS.  Mike indicated that request for approval of OPS can be processed 
expeditiously if everything is in one document, a separate stand-alone document that 
summarizes all the information and includes summary tables and any appendices or 
attachments necessary to support the demonstration.  Rose asked about the review time frame, 
and Steve indicated it is typically a 30-day process.  Steve will process it first and route it 
where it should go.  Rose said that the Army will submit the OPS document for LHAAP-12 in 
June 2007. 
 
LHAAP-16.   Praveen Srivastav will send any relevant information if found regarding the 
dilution factor.  The plan is to collect one round of MNA data as a baseline using wells 
selected that are outside the zone of influence of the extraction wells.  If the preliminary results 
look favorable for MNA as a remedy, then the FS will be submitted. 
 
LHAAP-18/24.  The optimization plan will be sent to the regulators after Shaw receives 
Army’s comments.  The UIC permit is in progress and contact had been made with the agency.  
 
GWTP.  Van Vangala indicated that there were no major problems at the Groundwater 
Treatment Plant (GWTP) last month and that operations were proceeding normally. He said 
that there was one call out last month due to power failure – two power poles fell down.  The 
plant was shut down for 24 hours in order to replace 2 poles.  The poles were located near 
Landfill 12.  The fabrication work for the replacement pipe for the Catox unit at the GWTP is 
still being planned for early June. 
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Status of Site Evaluation Report, LHAAP-06, -07, -51, -55, -64, -66, -68.   
The comments on this report were similar to those on TERC sites LHAAP-59.  Comments 
were received from TCEQ.  Steve will check document status with Scott Harris (EPA).  Dave 
Cobb indicated that Shaw has collected SPLP samples from the sites in the report.  Results are 
expected in two weeks. 
 
Defense Environmental Restoration Program (DERP) TERC Update (Praveen 
Srivastav/John Elliott) 
 
Jeff Armstrong mentioned that funds for the rate adjustment are available and that Tulsa is 
filling out the necessary paperwork. 
 
John Elliott indicated that the contingency language provided for the LUC deed recordation 
will be provided to Fay Duke the next day.  Fay will then forward to the TCEQ attorney.   
 
John Elliott discussed the highlights of the Document Status Table.  Shaw had not received 
comments from EPA on the site evaluation report for 48/53 and the draft final PP that were 
submitted together.  Steve will check on status.  
 
MMRP Update 
 
TCEQ is estimating what is needed to review this document so a purchase order can be issued.  
Scott Harris may have the time at the end of May to do the review.  John Lambert (USACE) 
indicated that the electronic versions should have gone out from CAPE to Scott and Fay’s 
attention. 
 
Transfer Update 
 
ECOP IV 
Rose Zeiler reported that the fire station has officially been transferred to FWS.  ECOP IV, 
encompassing about 640 acres, had been offered to FWS, but there has not been an official 
acceptance yet.  ECOP V (Landfill 12) has been sent up to BRAC for legal review and will be 
completed this fiscal year.  The OPS will follow finalization of the ECOP and the property will 
be ready for transfer.  A sixth ECOP is being considered to accomplish transfer of the utility 
ROW to USFWS. FWS is looking at this to see if they can take the easement where it crosses 
environmental sites.  ECOP VII will be the post-BERA transfer sites and will include Sites 8, 
32, 48 and 53.   
 
Pits and Hazards. 
Fort Worth will be on site on the 12th of June in preparation for Pits and Hazards kickoff.  
 
Demolition Landfill 
The landfill has been seeded up and needs inspection prior to closure. 
 
Next monthly manager’s meeting is scheduled for June 12, 2007 at 2:30 PM at LHAAP to 
coincide with the RAB meeting scheduled for 6:30 that evening.   
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Meeting Adjourned. 
 
Action Items: 
 
Shaw   

• Will send any relevant information if found regarding dilution factors for LHAAP-16 to 
TCEQ. 

• Provide requested information to Phil Harte with USGS. 
• The contingency language provided for the LUC deed recordation will be sent to Fay 

Duke tomorrow (May 23, 2007) 
• Call among the modelers will be initiated between June 11 and 13, 2007. 

 
EPA    

• Steve Tzhone will check status on several reports currently in review. 
 
USGS 

• USGS will provide a copy of the database they are developing at next months’ meeting. 
 
TCEQ 

• More clarification is needed regarding how Standard 3 MSC equations are to be used.   
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Final 
Draft 

Submittal 
Date

Army 
Comments

Shaw RTC Comment 
Resolution

Draft Final 
Submittal 

Date

AEC 
Comments

EPA 
Comments

TCEQ 
Comments

Shaw RTC Army Comments Comment 
Resolution

Army forward 
RTC to TCEQ & 

EPA

Comment 
Resolution

Final Submittal 
Date

08 Proposed Plan, LHAAP-08 05/01/06 05/24/06 07/07/06 08/25/06 08/21/06 09/20/06 09/29/06 11/21/06 TCEQ 12/07/06 
EPA 02/21/07

08 Record of Decision, LHAAP-08

12 Operating Properly and Successfully 
Demonstration Report, LHAAP-12 07/25/07

32 Proposed Plan, LHAAP-32 07/21/06 08/25/06 09/05/06 09/12/06 09/19/06 11/21/06 TCEQ 12/07/06 
EPA  01/26/07

32 Record of Decision, LHAAP-32

37/67 Proposed Plan, LHAAP-37/67 05/02/06 05/24/06 06/06/06 06/22/06 07/18/06 08/25/06 09/05/06 09/20/06 10/19/06 10/31/06 11/07/06 11/21/06 TCEQ  04/27/07 
EPA  02/21/07 08/16/07

37/67 Record of Decision, LHAAP-37/67

48/53 Revised Proposed Plan, LHAAP-48/53 09/25/06 10/31/06 11/14/06 01/12/07 04/09/07
USACHPPM 

04/25/07     
OC 05/15/07

6/12/07       
via USACE 04/27/07 06/27/07 07/12/07       

07/13/07 07/19/07

48/53 Record of Decision, LHAAP-48/53

59 Site Investigation Report, LHAAP-59 11/02/06 11/07/06 11/09/06 11/15/06 11/21/06 None 
Required 03/20/07

01/11/2007,  
03/20/07, & 

03/22/07
04/02/07 RMZ 04/12/07 

USACE 04/11/07  04/12/07 04/25/07 TCEQ 06/15/07 
EPA 04/30/07 08/02/07

59 Record of Decision, LHAAP-59

Shaw Forecasted Submittal Date

Technical Document Status Table
TERC Task Order N0. 0109

Longhorn Army Ammunition Plant

Documents in ProgressSite 

Draft Document Draft Final Document

Current Action itemShaw Action Item Army Action Item EPA & TCEQ Action Item

Copy of LHAAP TERC Technical Document Status Table.xls  7/24/2007  5:17 PM

00045725



 LONGHORN ARMY AMMUNITION PLANT, 
 

Karnack, Texas 
 

MONTHLY MANAGERS’ MEETING 
 

 AGENDA  
 
DATE: Tuesday, 15 May 2007 
TIME: 1:00 p.m. 
PLACE: Teleconference Toll-Free Number: 866-797-9304, Passcode: 4155734  
 
 Welcome   RMZ 
   
 Review of April 2007 Meeting Minutes and Action Items RMZ 
  

Army 
• Forward MMRP report to EPA and TCEQ when available.  
• Utility easement transfer status. 
Shaw   
• Provide additional information on LHAAP-16 to TCEQ. 
EPA    
• Steve Tzhone to determine if a proposed plan and public comment period is required 

with an NFA ROD that follows implementation of an Action Memorandum and EE/CA 
that had already undergone public review – this question relates to the NTCRA at 
MMRP sites.  

TCEQ  
• Fay Duke to respond to Shaw’s request to use actual data for calculation of a dilution 

factor after reviewing data to be provided by Shaw. 
• Fay Duke will find out how Standard 3 MSC equations are to be used.  Are they to be 

used to calculate clean up goals after a risk assessment or they can be used in lieu of a 
risk assessment?  

   
       Defense Environmental Restoration Program (DERP) PBC Update  DC/PS 

• Document Status/Environmental Sites (Table)  
• LHAAP-18/24 Injection testing/permit 
• LHAAP-16 FFS Addendum 
• Status of Site Evaluation Report, LHAAP-3, 6, 7, 51, 55, 64, 66, 68  

 
   DERP Total Environmental Restoration Contract Update   PS/JE 

• Documents Status/Environmental Sites (Table) 
 

MMRP Update    JRL 
 
  Transfer Update     RMZ 

• ECOPs III (Fire Station), IV (Cemetery) and V 
• Pits and Hazards Abatement 
• Utility Easement 
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