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DRAFT 

Air Force Charleston Air Force Base Comments On the Navy's Zone K -
Naval Annex RCRA Facility Investigation Off-Site Groundwater Sampling 

Technical Memorandum 

1. Comment - Last sentence on page one of the introduction. This sentence 
states the sampling strategy was to collect groundwater samples up gradient of the 
Naval Annex. The Charleston Air Force Base (CAFB) believes the statement 
should be written to reflect that sample strategy was based on the "possibility" 
that this area would be up gradient. No concrete evidence existed prior to the 
study indicating the up or down gradient direction. 

2. Comment - Last sentence in section 1.0 on page 3. Again, the reference is 
made that CAFB is up gradient to the Navy property. CAFB believes the 
statement should read that CAFB was "believed" to be up gradient. 

3. Comment - Page 9. "positive" is spelled incorrectly in the next to last sentence. 

4. Comment - Pages 11 and 12. Request that any values above the MCLs be 
highlighted. 

5. Comment - Page 17, section 5.0. The first sentence concludes that this sampling 
event proves that the chlorinated compounds in the Naval Annex are from 
multiple sources on and off-site. This statement seems a bit premature for this 
type of assumption or needs some more clarity added. 

6. Comment - Page 19, section 5.0. The last sentence of the first paragraph states 
that there is a high probability that low levels ofTCE at OFFGP009 are migrating 
to Navy Property. We feel this contradicts Fig 2! Also this sentence should read 
low levels "of' not "on". 
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Permit held by the Charleston Naval Complex (CNC). The CNC was divided into 12 investigative 

"zones" for management purposes and the Naval Annex is part of "Zone K" which includes CNC 

property that is not contiguous with the main portion of the CNC. Two sites on the Naval 

Annex, Solid Waste Management Units (SWMU) 163 and SWMU 166, have been identified as 

source areas for chlorinated solvents that have been detected in groundwater. Figure 1 depicts 

the location of the Naval Annex, adjacent properties, and the locations of the SWMU 163 and 166 

source areas. In addition to the groundwater contaminant plumes associated with SWMUs 163 

and 166, low levels of solvent contamination were detected in the deeper portion of the surficial 

aquifer upgradient of both SWMUs which suggests another unidentified source may be present as 

well. In December 1999, a vertical profiling technique was used to collect groundwater samples 

on a 200 foot grid in areas considered either upgradient or side gradient of both SWMU s. This 

phase of the investigation revealed consistent detections of chlorinated compounds (primarily TCE) 

at 10 of the 12 locations sampled, including upgradient locations GDKGPOll, GDKGP012, and 

GDKGP013 along the northwestern Naval Annex property boundary. The highest concentrations 

were detected approximately 33 feet below ground surface at location GDKGPOI1. The December 

sampling event did not identify the source of the contamination in the deeper portion of the 

surficial aquifer in the northwestern portion of the Naval Annex. Based on those results 

however, the Navy hypothesized that contaminants could be migrating on to Navy property from 

an off-site (for purposes of this memo site is defined as the Naval Annex property) source resulting 

in co-mingled plumes. 

In September 2000, a work plan which outlined a sampling strategy to collect additional 

groundwater samples upgradient of the Naval Annex was developed. The stated purpose of the 
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sampling strategy was to collect the data n~~ to determine if contamination detected at 
sample point GDKGPOII: @~\r 
• originated from a source on~~y property; 

• resulted from contamination migrating onto the Navy property from an offsite source; 
• or is the result of co-mingled contamination from a source(s) on Navy property as well as 

an off-site source( s). 

The study area encompassed the Charleston Air Force Base (CAFB) housing area which is 
adjacent to the northwestern boundary of the Naval Annex and a portion Remount Road right-of­
way belonging to the South Carolina Department of Transportation (SCDOT). The area can 
generally be defined as the area between Fourth Street and Remount Road bounded along the NE 
side by Avenue B and along the SW side by Air Park Road. The vertical extent of the 
investigation was limited to the top of the Ashley Formation which serves as the bottom of the 
surficial aquifer. The CAFB property is upgradient of the Navy property and the Remount Road 
sample locations are upgradient of both the Navy and CAFB property. 

2.0 FIELD WORK 

Two deep rotasonic borings (GDKPI3D and GDKP14D) were advanced in November 2000 at the 
north end of the Air Force housing area to further delineate the top of the Ashley Formation and 
identify any lithologic variations which could impact the vertical profile groundwater sampling. 
A deep and shallow piezometer pair was installed at each of the two boring locations to provide 
additional data points for g.roundwater elevation control. Additional groundwater sampling to 
determine the upgradient source of chlorinated solvent detections in deep groundwater was 
performed in November 2000 subsequent to installation of the piezometers. Ten direct push 
groundwater vertical profile locations (OFFGPOOI through OFFGPOlO) were sampled at intervals 
of five feet through the saturated portion of the surficial aquifer. Figure 1 depicts off-site study 
sample and piezometer loca~ions. 
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~$site study piezometers GDKP013 , GDKP13D, 

GDKPOI4, and GDKPl4D arP,::l~e.~lIi:iJ in Appendix A. Information from the two deep 

3.0 GEOLOGY 

Well construction and lithologic logs 

piezometers was used to exten ntours for the top of Ashley Formation, and identify the 

Quaternary age clayey/silty fine sand (Qcs) and fine sand (Qs) members within overlying 

sediments. 

Contours drawn using top of Ashley Formation elevation data are presented in Figure 2. Top of 

Ashley Formation contours depict a topographic high in the Ashley beneath the eastern portion 

of the Naval Annex north of Building 2520, and between Avenues A and B. The Air Force 

housing area is situated over the western flank of this high in the Ashley Formation which slopes 

very gently to the west. 

Quaternary age sediments beneath the CAFB housing area are similar to those encountered on the 

Naval Annex. Qs in this area is approximately 35 feet in thickness, and is a fine to medium 

grained orange, grey, or brown sand with occasional fines and very fine mica. Qcs beneath the 

study area ranged from three to seven feet in thickness, and consisted of grey to dark grey clay, 

silt, and dark grey clayey fine sand with Phosphate nodules. A three foot thick clay interval which 

was encountered at a depth of 26.3 feet bgs in boring GDKP14D was observed in boring 

GDKP13D at a depth of 30.1 feet bgs as an 0.7 feet thick interval of very thin laminations. These 

laminations appear as reworked clay eroded from the clay interval observed at GDKP14D during 

sand deposition at GDKP13D. This clay is of limited areal extent and would only locally isolate 

deeper intervals from vertical communication. 
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4.1 Hydrology 

Zone K - Naval Annex ReRA Facility Investigation 
Draft Off-Site Groundwater Sampling Technical Memorandum 

January 16, 2001 

Groundwater flow at the Naval Annex has been documented in detail in previous RFI reports. The 

most recent RFI groundwater elevation c~~~ps from January, 2000 are presented in 

Appendix B. Groundwater measu~.~ subsequently made in select wells during the 

November, 2000 study to verify e1'd{~ ~ow directions and determine if the offsite area was 

upgradient of the Naval Annex. 

Deep groundwater elevations in November 2000 are lower than elevations in January 2000. 

Declines in deep groundwater elevations range from 0.48 feet at 16602D to 0.91 feet at 

GDKPI2D, and averaged 0.79 feet for the four wells measured in both January and November, 

2000. Elevation contours drawn on the November data from deep wells and piezometers illustrate 

that groundwater flow directions are essentially unchanged from January. The November contours 

also indicate that the area' northwest of Fourth Street is upgradient of the Naval Annex. A 

groundwater divide trending east-southeast from the area near GDKP13D to the 16605D116613D 

area is present based on the November 2000 data. This divide, as well as general groundwater 

flow directions are presented on Figure 3A. 

Shallow groundwater elevation data from November show a similar but more variable decline in 

elevations from January, 2000. Declines in shallow groundwater elevation ranged from 0.07 feet 

at GDKool to 1.26 feet at 162002, and averaged 0.60 feet for the three wells measured in January 

and November, 2000. However, the overall shallow groundwater contour pattern remained 

essentially unchanged from that of January. November groundwater elevation data from shallow 

wells and piezometers indicate that the area northwest of Fourth Street is upgradient of the Naval 

Annex. A groundwater divide trending east-southeast from a point just east of GDKP013 towards 

well 166002 is present based on the November 2000 data. This divide, as well as general 

groundwater flow directions are presented on Figure 3B. 
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Water level data collected in March 1998 were used to determine vertical hydraulic gradients at 

the Naval Annex. Only four well pairs constructe~jacent to Interstate 26 and well pair 

166002116602D displayed upward ver~ical rat~a~ing from 0.0005 to 0.073. All other 

wells had very slight downward verti ',~~anging from 0.0005 at 166003/16603D to 

0.148 at 166015/16615D. Vertical grad nts at the new locations GDKP013/GDKP13D (0.0007) 

and GDKP014/GDKPl40 (0.0029) are also slightly downward and are comparable in magnitude 

to what has been observed across the majority of the Naval Annex. 

4.2 Groundwater Sampling Methodology 

Groundwater samples were collected from 10 off-site locations using direct push technology 

(OPT) vertical profiling techniques. Vertical profiling of groundwater is the collection of samp les 

from descrete intervals throughout the saturated zone. Samples are collected at increasingly 

deeper depths without retracting the sampling device from the borehole. Frequency of sample 

collection is determined by aquifer heterogeneity and desired degree of detail. The groundwater 

sampler is advanced to the intial sampling depth using OPT equipment. A slightly positive 

hydraulic pressure is maintained in the sampler using de-ionized water from a graduated cylinder 

connected to a peristaltic pump. The positive pressure helps to reduce clogging ofthe sampler by 

fines and prevents inflow of water from non-sampled intervals. The volume of water lost from 

a graduated cylinder to the formation during the push is recorded. Twice the volume of de-ionized 

water lost to the formation is recovered and properly discarded prior to actual sample collection 

in order to minimize any flushed zone effects around the sampler. Groundwater is sampled from 

the purged interval and the sampler advanced to the next sampling depth after re-establishing 

positve hydraulic pressure in the sampler. Discrete groundwater sample intervals less than 0.5 

feet in length began just below the water table (8 to 10 feet below ground surface) and every 5 

feet thereafter with the target being the clayey sand overlying the Ashley Formation. 
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All groundwater samples were submitted to a SCDHEC certified laboratory for VOC analysis. 

Table I provides a summary of the compounds detected and the complete analytical data sets are 

presented in Appendix C. The initial step in the ~aluation process was a review of the 

analytical results of field and laborato~A1fii1ksUo assess the data for chemical artifacts 

which may have been introduced eitherUdi!U; ~~ld or the laboratory. Methylene chloride was the 

only analyte detected in blank samples. Detection of methylene chloride occurred only once in 

the method blanks (0.67 JB /Lg/L) and in only one field blank at 0.54 J /Lg/L. Consequently, data 

validation guidelines allow for methylene chloride detections of up to 10 times the blank 

concentration (in this case 6.7 /Lg/L) to be dismissed as an artifact. The maximum detection of 

methylene chloride in a groundwater sample was 4.4 J /Lg/L. 

VOCs were detected at 8 of the 10 locations sampled during this phase ofthe field investigation. 

There were no chlorinated solvent detections at locations OFFGPOOI and OFFGP002 which were 

located in the Remount Road right-of-way. Excluding methylene chloride, a total of 12 different 

compounds were detected with one or more compounds being present at each of the 8 locations 

where hits occurred. There were no detections shallower than 25 feet bgs (again excluding 

methylene chloride). 

The low level presence of TCE was nearly ubiquitous across the CAFB property with only 

location OFFGPOlO not having any reported detections. Three detections out of the 15 reported 

exceeded the MCL for TCE which is 5 /Lg/L. Two of these detections occurred at OFFGP006 

and the remaining exceedance was detected at OFFGP009. Very little breakdown of the TCE 

appears to be occurring due to the fact only 4 detections of DCE were reported. This is not 

surprising based on evidence gathered previously during two sampling events for the monitored 

natural attenuation parameters which indicated the aquifer conditions were not suitable for the 

natural biological degradation of chlorinated solvent constituents. Figure 4A presents a summary 
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Location Depth 

OFFGPOO3 

15 ND 

25 NO 

30 ND 

33 ND 

39 ND 

OFFGPOO4 

27 ND 

30 ND 

33 ND 

39 ND 

OFFGPOOS 

30 ND 

OFFGP006 

30 ND 

33 ND 

36 ND 

OFFGPOO7 

\0 ND 

25 ND 

30 ND 

33 1.51 
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Table 1 

l'E!j~~PLING 

PRIMARY SA,~rn~~~tll MARY 

ND ND NO ND ND NO ND NO NO 0.761 NO NO 

ND NO NO NO ND NO NO NO ND 0.57J NO NO 

NO NO NO ND NO NO ND NO NO 0.69J NO 0.421 

NO ND NO NO NO NO ND 0.88J 1.001 NO ND 1.41 

NO NO ND ND NO NO NO ND ND NO NO 1.11 

ND NO ND ND ND ND 2.01 NO 84 ND 2. iJ ND 

ND NO NO NO NO NO NO NO NO 1.11 NO 2.0J 

NO 0.921 NO NO ND NO NO NO ND NO ND O.9lJ 

ND ND NO NO ND ND NO ND ND 0.821 NO ND 

NO NO NO ND NO NO ND ND NO ND ND 331 

NO ND ND NO NO ND NO ND NO NO NO 17 

NO NO NO ND NO NO NO NO ND NO NO 36 

NO ND ND NO NO NO ND NO ND NO NO 46 

NO ND NO NO ND ND ND NO NO 0.53J NO NO 

NO NO ND ND NO ND NO NO ND I.OJ NO NO 

NO ND ND ND NO NO NO 0.56J ND 4.41 NO ND 

1.21 ND NO NO NO NO NO 4.9J NO NO NO 1.21 
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Tab~:[ 
OFFSITE G~ R AMPLING 

PRIMARY LE HITS SUMMARY 

~ . 
0 

t: Ii ~ 
0 0 v Q 

-E ~ 
Ii " " E 

0 
0 ~ 

0 ·0 • 
.s ~ jj ~ 8 :a .2 0 

2 
0 

0 -§ 0 

2 ~ . " :a g E ~ 
~ 

Q " 
0 " • 

:a 'ii 0 0 • ~ " 
0 2 

" " • ~ • 
. ~ .~ • • 0 0 0 § ~ ~ 

.9 

~" 
x 

~ " 0 " E e ~ 
-E ~ 

'" ~ 2 :a '0 
0 

Location Depth 
0 :i£ 0 

N " '" '" u u ,.. ,.. 

36 NO NO Nil NO NO NO NO NO NO NO NO NO l.lJ 

OFFGPOO8 

10 NO NO NO NO ND NO NO NO NO NO 0.58JB NO NO 

15 NO NO NIl NO NO NO NO NO NO NO 0.5]8 NO NO 

20 Nil ND NO NO NO NO NO NO NO NIl 0.55J8 NO NO 

25 NO NO NO NO NO NO NO NO NO NO NO NO t.81 

30 NO Nil NO 12J NO NO Nil 2.]1 NO 81 Q.j4JB NO 0.441 

35 NO ND NO 22JL ND 19) NO 0.711 NO 8 0.891B NO 0.43J 

40 NO Nil NO 26 4.71 25) 0,9lJ 2.41 NO 8.5 O.841B NO ND 

OFFGPOO9 

27 NO NO ].21 NO NO NO 0.761 NO NO NO NO NO 18 

32 NO NO NO NO NO NO NO NO NO NO 1.2J NO NO 

35 ND NO ND ND NO NO NO ND NO 3. II NO NO NO 

OFFGP01O 

35 0.831 1.2J NO NO NO NO NO NO NO NO NO Nil NO 

Note: Only sample depths with detections are presented. 

Concentrations are in p,g/L 

ND - Not Detected 
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of the PCE, TCE, and DCE detections at the 10 off-site sample locations and 3 locations 

previously sampled on the Naval Annex which prompted this phase of work. 

The only other detections which exhibited some s~f possible pattern or trend were the 

detections of carbon tetrachloride and ~9W&\. ~~bon tetrachloride was detected at similar 

depth intervals (30 to 33 feet bgs) at 1~1~rlV6f?FGP003 and OFFGP007 which are both along 

the southwestern boundary of the CAFB property. The southwestern property boundary is 

generally considered to be hydraulically upgradient of a portion of the CAFB property and the area 

of the Naval Annex that prompted this phase of the investigation. Chloroform is a degradation 

product formed during the breakdown of carbon tetrachloride. In addition to sampling location 

OFFGP003, chloroform was detected at OFFGP004, OFFGP008, and OFFGP009 which are all 

downgradient of OFFGP003. Methylene chloride can form as a degradation product of 

chloroform and was detected at each of the locations listed above. However, as mentioned 

earlier, there were no detections of methylene chloride in groundwater samples that exceeded 10 

times the concentrations detected in QAIQC blanks. The presence of the blank contamination 

casts considerable doubt on whether or not the methylene chloride is actually present in the 

groundwater samples. 

Detections of the remaining compounds reported in the off-site groundwater samples can be 

described as sporadic at best. Since there are no consistent trends or discernable patterns to 

describe for the remaining compounds, and the presence of these compounds will not have an 

impact of the achieving the goal of this phase of the investigation, no attempt will be made to 

explain the detections in this memo. 

4.4 Comparison of Offsite and Naval Annex Results 

Distribution of detections by location, depth, and analyte were presented on Figure 4A. 

Trichloroethene was the predominant compound detected at concentrations ranging from 0.42j 
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p.g/L at OFFGP003 to 36 p.g/L at OFFGPOO6. Perchloroethene (PCE) was not detected in any 

of the off-site samples. Dichloroethene (DC E) was d~ted in only three samples; one each at 

locations OFFGPOO3, OFFGPOO7, and ~~ClW.~I\lrinated solvent detections in December, 

1999 at GDKGPOll, GDKGPOI2, and~~rot3 were predominantly TCE and ranged from 

1 p.g/L to 150 p.g/L. PCE and DCE were also detected at these three previously sampled 

locations. 

Isoconcentration contours of the cumulativeltotal chlorinated solvent detection values (PCE, TCE, 

DCE and VC) at off-site and pre-existing vertical profile locations west of A venue B are presented 

in Figure 4B. These contours illustrate overall distribution of detected chlorinated solvents in 

groundwater west of Avenue B. Cumulative/total data for the contours were generated by 

summing all detections of chlorinated solvents at a sample location. Since there were no off-site 

detections of chlorinated solvents at depths shallower than 25 feet bgs, only data for detections at 

depths equal to or greater than 25 feet bgs at each offsite study and at previously sampled locations 

were summed to determine the cumulativeltotal detection concentration values at each sampling 

location. The highest cumulative detections presented on Figure 4A were at 166VP006 (12,853 

p.g/L) and GDKGPOll (344 p.g/L). Cumulative detections of 57.6 p.g/L at OFFGP006 and 18 

p.g/L at OFFGP009 were the highest cumulative detections for offsite study locations, and are 

located in the eastern half of the housing area. Extremely low cumulative concentrations ranging 

from 1.2 p.g/L to 3.83 p.g/L were reported for the western half of the Air Force Housing area. 

These values are less than the reported laboratory quantitation limits, but above method detection 

limits and are estimated (j) values from the laboratory. 

Cross-sections of chlorinated solvent detections in groundwater were developed for the offsite 

study area. These cross-sections extend into the previous investigation area south of Fourth Street 

and are combined with ,previously collected data for SWMU 166 and 163 studies. 

Isoconcentration contours were drawn using total analyte chlorinated solvent detections (PCE, 
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TCE, DCE and VC) from individual sample intervals at each location. Each cross-section also 

includes geologic units projected from contours d.",e ~1P,ed using lithologic data. A groundwater 

elevation surface developed from Nov is also indicated on each of the sections. 

A map depicting cross-section transe QJlL'''''our isoconcentration contour cross-sections (A-A', 

A-B, A-C, and A'-D) is presented as Figure 5. Three cross-sections (A-A', A-B, A-C) originate 

at A (OFFGPOO3) to depict concentrations along respective groundwater flow directions across 

the offsite area. Section A' -D essentially parallels groundwater elevation contours and is therefore 

perpendicular to flow. 

The very low concentrations of chlorinated solvents detected in offsite groundwater are from 

samples collected at depths of 25 feet or greater. GDKGP012 was the only location of the 19 

selected for cross-section development that had detections shallower than 20 feet bgs. Detections 

at location GDKGPOl2 began with the shallowest interval and occurred in all but two of the 12 

sample intervals. The highest detection of chlorinated solvents presented in these cross sections 

was 178 /Lg/L from a depth of 34 feet at location GDKPOll. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The analytical data from this sampling event indicates that the detections of chlorinated compounds 

along the NW property boundary of the Naval Annex are most likely the result co-mingled 

contaminant plumes from mUltiple sources, both on and off-site. The only area that was 

eliminated as a possible source area for the contaminants detected on both the Naval Annex and 

the CAFB properties is the area NW of sample locations OFFGPOOI and OFFGPOO2. These 

sample points are in the Remount Road right -of-way and are considered to be at least partially 

hydraulically up gradient of both properties. There were no detections ofVOCs at either of those 

sampling locations. 
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On the CAFB property, low concentrations of V OCs were detected in groundwater at each of the 

8 sampling locations. With the questionable exception of methylene chloride, there were not VOC 

detections in groundwater shallower than 27 feetf.\e@1fmnd surface. In the deep portion of 

the surficial aquifer, sample location OF~~ents the most up gradient location sampled. 

A groundwater divide trends NW -SE froJ}fo~t~n OFFGP003 on the CAFB property and extends 

across the Naval Annex has a substantial influence on the distribution of the dissolved phase 

contaminants"'~tii\g'u~~er the CAFB property toward theNa~~l A~ex) Groundwater flow 

along the axis is divergent which would tend to direct any dissolved phase contaminants to either 

the NE or SW depending on which side of the axis the contaminants are located. This is 

significant because the primary intent of this phase of the investigation was to determine the origin 

of contaminants at location GDKGPOll where the highest detections of chlorinated compounds 

occurred along the Navy/CAFB property boundary. GDKGPOll is on the SE side of the 

groundwater divide whereas the highest detections of TCE detected on the CAFB property were 

on the NE side at OFFGP006 and OFFGP009. The divide creates a natural physical barrier that 

precludes any relationship between what was detected at GDKGP011 on the Navy property and 

what was detected at locations OFFGP004, OFFGP005, OFFGP006, and OFFGP009 on the 

CAFB property. Based on the prevailing groundwater flow directions, there is a high probability 

that low levels on TCE observed at OFFGP009 are migrating on to Navy property. 

Data from sample locations OFFGP003, OFFGPO07, OFFGPOO8, and OFFGPOIO located on the 

SW side of the groundwater divide provide an indication of groundwater contaminants that are 

co-mingling with contaminants detected on the Navy property at GDKGPOII. Contaminant 

concentrations show little increase along the groundwater flow path between OFFGPOO3 and 

OFFGPO08 but increase significantly between OFFGP008 and GDKGPO II. As a result, the 

higher concentrations observed at GDKGPOll are not likely to be from an up gradient (off-site) 

source. The detection of VOCs at locations OFFGP003, OFFGPO07, and OFFGPOIO is an 

indication that contaminants originating from somewhere up gradient of the CAFB property are 
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migrating under the CAFB and on to the Naval Annex where the contaminants are co-mingling 

with a plume of higher concentrations. In addition to the prevailing groundwater flow direction 

and concentration gradients, the up g~Fc5f~f1f carbon tetrachloride and it's degradation 

product chloroform provides additio~o support the assertion that a contaminant plume 

emanating from a separate source area exists. 

No additional off-site characterization is warranted at this time. Additional groundwater 

sampling being proposed in the Zone K RFI Work Plan Addendum will address portions of the 

Naval Annex that are down gradient of sample location OFFGPO09 to determine the extent of the 

plume in that area. The extent of the elevated detections of chlorinated compounds detected at 

GDKGPOII has been adequately defined for purposes of the RFI and no additional sampling is 

proposed in this area. 

20 



CNSAI E Monitoring Well NBCKGDKP013 
- • 

Pro jeCt: LUll; K ' N","'" rnnrlP, \.-WI I E. >iiiU~. 'i N 

l~oH~' r ,SC Mace 42.9feet mSi 
. Started at 0145W"/nlm Toe. 45.32 feel msJ 

l at WJU on 1//10/00 Depth to r. 9.32 feet TOC /1//5/00 

[Xi1inq Method: 8ocrt-1 , 6.5" CXJ casing) GrcmdWater 36.00 feet ms/ 

mO'lQ Atianoc iSC fer! #/210) Total 0eDii1:t3.0 feet 
i P. Bayey we~~ 

'" WELL~AGRAM -' r (!) 

~ U <t c:j a: 0 (j) 

§UJ 
~ z ~ ~ 

-' (j) 'S 
~ <t GEOLOGIC DESCRIPTION >- >-UJ UJ 8 d IUJ 00' ":;0' 0' if ;> >-UJ 

~ -' UJ fuLL "':1; H :1; 
., 

C}. 5 -' > UJ oi'i :J(j) <t(j) (j) 0 " (!) (j) 

ML ~ Surface conditions, grass ;- ~ 
SM ]-42.2 '" 1-1\ \ Silt: orange brown: sandy-very fine: dry. r ~ 

ii' 
u 

Sand: orange-brown; very fine to fine, silty; > 
SM a. 

dry. S - I-

00 N , 
I-I-

1/ 
2 
'e 
.s 
c 

" C> 

I 54 
Sand: It brown: very tine to fine, some silt to 

,\ 
silty; trace very fine mica: wet. loose. c 

" " , .... u 
~ 

'0 '.' S£. 
~6.6 ft.: grades to It grey-brown: very fine to u c 

SM > ro 
a. ~ 

fine, some silt. 
'0 ro 

E;!7.5 ft.: grades to It brownish-grey; within It 
v; ~ 

\ 
~ s 

.. ', brown laminae. 0 
D . ....•.. 

SP Sand: dark brown; very fine, trace to some silt; 

r t-33.4 ~ 
\ rootlets; wet, loose. 

1.<00 
N 

2 90 

> Sand: It grey-brown; very fine to tine, some silt, 

1\ / 
..... 

trace very fine mica; wet, loose. ~10.5 to 12.0 ".' 0. ft.: trace to some silt. ro 
u 

" c 

SP -I;J 
I Sand: brown; very fine to fine, trace silt; trace _L _L 

1/\ 
very fine black grains; wet, loose-soupy. 

3 96 @15.0 to 17.7 ft.: color change to It brown. F~~:h 

I 
I. 

. 

@17.2 and 17.6 ft.; very thin micaceous laminae. 
SP h ~17.3 to 17.7 ft.: orange-brown. 

'. 
Sand: It grey-brown, w/occasional very thin 

\ dark grey laminae: very fine to fine, trace silt; 

I .'. wet, loose. 

from GOKPI30 log . 

Page f of / 



CNSAI E Monitoring Well NBCKGDKP13D • 
Project za£ K O>m:st<Xl Nava Conplex Coorclnates: 2298883.8 E. 388419.1 N 

Locatioo: O>m:ston, SC SLrface Elevation: 42.9 feet ms! 

Started at 1400 <Xl U/9/oo TOC Elevation: 45:33 feet ms! 
Carpleted at /130 on 1//9/00 Depth to GrOU1dwater: 9.35 feet roc Meascred: 1//15/00 

[}1Im Method: 8oEYt-Longyear (Rotasmc 6.S'·1X) casing) GrOU1dwater Elevation: 3598 feet msf 

[}1Iilg Coopany: Atlantic fIling Corp (SC Cert #/2/0) Total Depth: 42.5 feet 

Geologist: P. Bayey Wei Screen: 31.5 to 42.0 feet 

"' '" WELL )2.!AGRAM 
~ -' >-

~ <t 0 a: 0 Ul 

A -' Ul 

§w 
~ z '!! 

~ 
<t GEOLOGIC DESCRIPTION ItD o-w w 8 d o~ ~~ ~ :> o-W Fa ~ 
~ W [bLL ~a a <t [}. 6 -' > W 0:<: ::JUl <tUl Ul 0 " "' Ul 

11 I1L " Surface conditions: grass r 

1\ 
SM 

\ Silt: orange brown: sandy-very fine; dry. r --12.2 

SM 
Sand: orange-brown; very fine to fine, silty; 

dry. 

0.2 

\ 
5 r-- 1 54 37.9 

Sand: It brown; very fine to fine, some silt to 

1\ 
silty: trace very fine mica: wet, loose. 

I 
s.e. 

~6.6 ft.: grades to It grey-brown; very fine to SM 
fine, some silt. 

\ 
~7.5 ft.: grades to It browniSh-grey; within It 

I 
brown laminae. 

34 Q; 
I SP Sand: dark brown: very fine, trace to some silt: ~ 

\ rootlets; wet, loose. r 33.4 ii' 
u -;; 

10 - 2 90 32.9 > 0 
.. 0.. 0, 

Sand: It grey-brown; very fine to fine, some silt, S 
I trace very fine mica; wet, loose. @10.5 to 12.0 N 

ft.: trace to some silt. 

.....• 

SP 
Sand: brown; very fine to fine, trace silt; trace 

\ 
very fine black grains: wet, loose-soupy. 

15- - 3 96 1215.0 to 17.7 ft.: color change to It brown . ~~~ 

.. 1217.2 and 17.6 ft.: very thin micaceous laminae. 

SP ~17.3 to 17.7 ft.: orange-brown. .--
Sand: It grey-brown, w/occasional very thin 
dark grey laminae; very fine to fine, trace silt; 

.. wet, loose . 

20 - ;-- --
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CNSAI E Monitoring Well NBCKGDKP13D • 
Project: ZCt£ K I Nav" Conp/ex IE; 'N 
",,~t;rn" ~sc Slrfac:e ! . ,,_~ feet ms/ 

Started at f41J() m nl9110 TO<::j 45.33 feet ms/ 
I at /130 on ffl9110 Depth to '" 9.35 feet TOC ",~. r_ ffl15110 

OrlU'lg Me~od: f<n='-J. , 6.5" (XJ casing) '" 35.98 feet ms1 

[XIng Atlantic frlfng Corp ''''' '""" I #f2fO} Total Depth: 42.5 feet 

P.8avey WeI Screen: 31.5 to 42.0 feet 

(!) " WELL DIAGRAM 
~ 

~ >- I <{ c:i a: 0 CfJ 

A 
~ CfJ 

8 w 
~ z ~ 

~ d GEOLOGIC DESCRIPTION >- >-w w 8 TW 6", ~'" '" 
:> I-W ~ 

~l.L i"::; 'l!::; ::; <{ I!' Cl. 
w 

(3 ~ Wz > W 
o~ :JCfJ <{CfJ Ul 0 .. {!) Ul 

@20.0, 20.4 and 22.3 ft.. some mica . 

. \ ........... 

•• 

' .. '. 
>. ~24.0 to 25.0 ft.: brown. ~24.0 ft.: 0.2 ft thick 

J \ ••••••••••• 

micaceous lamination . 

..... @24.5 to 25,0 ft.: w/occasional thin dark brown 
laminations w/some disseminated mica. 

4 100 ........ 
Sand: It brown; very fine to fine, trace silt; trace 
very fine mica; wet, loose. 

@25.4 to 26.6 ft.: orange and It orange. ~25.6 & -;; ...... 26.6 ft.: micaceous. ~26.2 to 26.6 ft.: coarser to 0 

.' medium sand and slight increase in mica. @26.6 
0, 

SP to 27.5 ft.: orange and brown mottled, some n; 
mica. ~ 

ii' 

\ ~27.5 to 28.1 ft.: orange and It brown laminated. r u 
.. > 

"-
". 

w/very thin lavender brown clay partings. @28.1 

'" to 28.6 ft.: brown: w/some mica. 
30- N 

.... Sand: red-orange; very fine to fine/medium, 
trace silt; w/trace clay partings; wet, loose. 

'. .. ~30.1 to 3t.8 ft.: grades to It orange-brown .. ' 

............. '\ w/occasional thin lavender-brown clay r laminations. 

. Sand: orange-brown: very fine to fine; trace silt: 
wet. loose. 

- t-
'. 

~33.8 to 35.0 ft.: grades to It brown. 
..... c h ........... ~ 

~ 
5 100 .9 U 

Sand: dark-grey; very fine to fine, ~ 

t-i 
u -

\ 
w/orange-grey clayey silt; wet, soft, plastic. > 

I @36.2 to 37.3 ft.: pebbly (P04 nodulesl. and 
~ 

SC 

" 1 
shells in sand matrix. -;;; 2 

0 '0 'E 
0 c 2 - t-o ro c Clay: dark grey-black: silty; wet, firm to stiff, 
S 

~ 
~ 

Qli plastic. ro J:> 

\ CH N g 

~ .'" .. 
1 QL Clay: dark grey-brown; silty; 50ft, wet, plastic. 1 'I CL @39.5 to 39.7 ft.: pods of dk grey sandy silt 

[\ML, 
w/shell fragments. -Q.9 

Page 2 of 3 



ENSAIE 
- • Monitoring Well NBCKGDKP13D 

>- co DIAGRAM oc 0 (f) 

! ~ 
~ (f) 

GEOLOGIC DESCRIPTION >- Sl d IW 8 it >-w \jJ ~ ",-"- <{ i? 8 Wz > 
D_ o " l'l (f) 

Silt: It grey; clayey; wet, soft, plastic. 
N D 

~ 
C 
m ML ~ 

'" g 
".,; 

Silt: olive-brown & grey; clayey; wet, firm to + stiff, plastic. 
OJ 

0- ~ ML '" Ci 
" CL 
" " c <5 

" ~ 

45 6 100 l 
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CNSAI E Monitoring Well NBCKGDKP014 - • 
Project: za£ K r I N;>v;¥ Crxrpex vIM \.1110''' •• I E. :JRRRRR 4 N 

I ~o';",," f.A ISC Mace 43.6 feel msl 
Started at 1530 on IIIKJloo TOC 43.58 feel msl 

j at /630 on IIIKJloo Depth to 8.50 feel roc 11115/00 
[Xilm Method: Rn",'-I ,~) 35.06 feel msl 
[Xiing Allm/ic ITIir>rI rnrn (SC eertiiiiOi T ot<j Depth: 15.0 feel 

P. Beyey Wei Screen: 5.510 14.5 feel 

(!) '" WELL DIAGRAM -' >-

~ '" .. 0 0: 0 UJ 

] -' UJ 8 w '" z 15' 
~ 

.. GEOLOGIC DESCRIPTION >- >-w W 8 d ;rW 50: ~o: 0: > >-w fjJ -' W fuLL ~~ :H ~ .. ii 6 -' > 0;;; :JUJ «UJ UJ 0 " (!) UJ W 

~ f---- Surface conditions: grass ~ 
~ 

1\ 
ML 0 

Silt: brown; soft, dry. -425 0, 

~ CL Clay: red-orange; some silt, trace sand-very 

f 
-419 W + I '. SP fine; dry. ~ 

-414 a: ~ 
~ CL Sand: It brown; very fine to fine, trace silt; dry. u I > 

r -40.6 n- -
\ Clay: orange-brown w/very thin black laminae: B 

II 
silty, trace sand-very fine; moist, firm to stiff, N i 
plastic. I 2 

'1" 
1 60 .8 

Sand: It brown; very fine, trace silt; dry, loose. - f--
c 

" .D 

Ii 
SP 

.'00 

$~}~ SM 
Sand: orange-brown: very fine, silty, trace clay; 
wet. 

/" 1-35.9 

c v 
c 

" ro 
" ~ 

Co ro 
~ g 
u .;;; 
> 

IO- n-

0 
-;;; 

9 
0 
0 

Sand: orange: very fine, trace to some silt, trace 

SP very fine black grains and trace very fine mica; 
wet, loose to soupy. - l-

i .. '. '" 2 27 Sand: orange and It grey banded ~ 0.2 It 
_L L 

1\ 
I·.·· intervals; very fine to fine, some silt to silty; 

a. 

I w/trace very fine mica; wet, loose. 1215.2 and ro 
Sf. u 

15.7 It.: micaceous parting. ~15.8 to 18.0 I\,: v SM c 
grey w/some mica. 1216.4 to 17.9 ft.: grey -brown " I •. w/decreasing olive-brown; micaceous laminae, 

1< and dissemninated very fine mica throughout. 

""" \ 
..... 

Sand: It greenish-grey; very fine to fine, trace 
I . to some silt: trace very fine mica: wet. loose . . .. 

SP 

•••• < ... 
Sand: orange; (from GOKPI40 log) 

Page I of I 



CNSAI E Monitoring Well NBCKGDKP14D - e 

Project ZCfIE K I Corrp/ex Coorooo(es; ,VE, 'N 
a ISC SLrface 43.6 feet msJ 

Started at 1025 on 11/10/00 TOC 43.41 feet msl 
I at 1500 !XI 11/10/00 Depth!O 8.52 feet TOC 11115/00 

[)"iIif,q Method: 8oart-l : 1.5" 00 casing) Grewe 34.95feel msl 
[)"1Ii,Q Atlantic crltng Corp 1""- '-'" I #1210) Tot" Depth: 39.Oieet 

P. Bavey We! Screen: 34.3 10 38.8 teet 

blh 
" WELL DIAGRAM >- (0 

1 0 0: 0 (f) 

~ 
~ en z IS! 
~ d GEOLOGIC DESCRIPTION ItD W 8 cC -> >-w 

~ 
~ 

~ Q.lL ~ « Ql 6 Wz > W o~ en 0 '" (0 (f) 

1111 

Surface conditions: grass ~ 
ML 

Silt: brown; soft, dry. ~2.5 I ~ 

~ Cl Clay; red-orange; some silt, trace sand-very r ~l9 
SP ..... \ fine: dry. Ir f-4l4 

~ CL \ Sand: It brown; very fine to fine, trace silt; dry. 
f-40.6 

\ Clay: orange-brown w/very thin black laminae; 'r 

II \ silty, trace sand-very fine: moist, firm to stiff, 
plastic. 

I 60 
Sand: It brown: very fine, trace silt; dry, loose. 

SP 

I'·. 
'" 

~~}~ SM Sand: orange-brown; very fine. silty, trace clay; 
wet. 

~ -".0 

Q; 
~ 

12 

IO-
u -; 
> 0 
Q. 0, 
B 
N 

" Sand: orange: very fine, trace to some silt, trace 
'. SP very fine black grains and trace very fine mica; 

wet, loose to soupy. 
'0 

or 2 27 I Sand: orange and It grey banded ~ 0.2 ft 
I intervals; very fine to fine, some silt to Silty; 

/ SE. 
w/trace very fine mica; wet, loose. @15.2 and 
15.7 It.: micaceous parting. ~15.B to 16.0 ft.: SM 
grey wlsome mica, ~16.4 to 17.9 ft.: grey -brown 

F: w/decreasing olive-brown: micaceous laminae, 

I. and dissemninated very fine mica throughout. 
0<> 

Ii Sand: It greenish-grey; very fine to fine, trace 
to some silt; trace very fine mica: wet, loose. 

SP 

Sand: orange: very fine to fine, trace to some _L... _L... 

Page f of 2 



ENSAI E Monitoring Well NBCKGOKP140 
- a 

Project ZaEK l Navs Corrp/ex 'N 
t """Hm' ~sc SU1aCe 0< 43.6 feet ms/ 

Started at KJ25 on /flKJIOO TOCEI -43.41 feet msl 
j at 1500 on UIKJIOO Oepth~ 8.52 feet TOC 11/15100 

IIIinQ Method: 8oart-1 . , 1S' (X) casilfJL 34.95feet ms/ 

lIi~l Alb '.., 0"1ing Corp (SC Cert #12KJ) Total Depth: 39.Offiet 
i . P.8ayey WelJ3creen: 34.3 to 38.8 feet 

"' WELL DIAGRAM 
~ 

~ r i3 (J) r 8 ci 

~ 
a: 

~ (J) E 8 w 
z ~ 

" 
<i GEOLOGIC DESCRIPTION r- r-W W 8 d IW B,r ::;,r ,r it :> r-W 

I!' ~ W 
Ib tL iO~ H ~ <i a>: 6 ~ > W 02: :J(J) <i(J) Ul 0 '" co Ul 

j\ L< silt; wet. loose. @20.7, 20.9, 21.2 to 21.4, 21.8, 
and 22.5 ft.: very thin orange clay partings. 

[< . 

I. 
I· SP Ii 
I .. 
I 

I -~ 
25-I-- 3 118 0 . 

Sand: orange; very fine, some silt: trace very c;, 

.... 
fine mica; wet. loose . 

.3 
Q; 
00 

Clay: lavender-brown; silty; some sand-very 0: 
fine; wet, very soft, plastic; w/some very thin u 

> 
silty sand pods/laminae. <L 

CL 8 
N 

" ~ Sand: lavender-brown: very fine, silty, some 
30- 5M. clay; wltrace very fine mica. @30.0 to 31.1 ft.: - I-

SC w/some very thin lavender brown clay partings & 
laminae of very fine sand w/trace silt. -t?_ ,+-

, 
< 

Sand: brown w/some orange mottle, and some 
very thin dark grey-brown laminae which - I-i 

[ 

, increase w/depth: very fine to fine. trace to 
'.'. some silt: wet. loose. 

SP ~ 
Sand: grey: very fine to fine. trace to some silt: ." 0 

wet. loose. ~33.3 to 33.8 f1.: some very thin C 
- I- '" dark grey clay laminae decreasing with depth. @ D 

4 100 33.8 to 35.0 ft.: occasional very thin dark grey r t1l.6 c 
" \ clay laminae. '" c 

'" ro 
t; 00 

I Silt; It grey-brown: some clay to clayey. trace 
00 ro 
u ,g 

sand-very fine: wet. soft. plastic. @35.0 to 36.6 > .;;; 
<L ML and 37.5 ft.: dark grey silty sand pods. @36.2 to '0 

36.6 ft.: few P04 nodules in dark grey silty sand '" 
pods. SO? 

0 

OA ci 

Silt: dark olive brown; clayey; moist, stiff, 

=1 ML plastic. Boring TO = 45 ft bgs 
CL -b 

A, " ro 
u 

~ Page 2 04~ 
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