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1.0 INTRODUCTION 

This Corrective Action Plan (CAP) has been prepared by CH2M-JONES, LLC. The plan is 
designed for Zone BI Site 14-Quarters S; Underground Storage Tank (UST) S located at the 
Charleston Naval Complex (CNC), Charleston, South Carolina. 

The South Carolina Department of Health and Environmental Control (SCDHEC) has 
designated this site as Idenftfication Number: 01089. This CA'p provides methods to further 
evaluate the applicability of intrinsic remediation and monitoring well abandonment as a 
corrective action for UST S in accordance with SCDHEC Corrective Action Guidance, June 
1997. 

1.1 General Site Description 

The CNC is located in the city of North Charleston, on the west bank of the Cooper River in 
Charleston County, South Carolina as shown in Figure 1. This installation consists of two 
major areas: an undeveloped dredge materials area on the east bank of the Cooper River on 
Daniel Island in Berkley County, and a developed area on the west bank of the Cooper River. 
The developed portion of the base is on the peninsula bounded on the west by the Asbley River 
and on the east by the Cooper River. The site is located within the developed portion of the 
base as shown in Figure l. (Tetra Tech, NUS [TTNUS], 1999). 

The area surrounding CNC is "mature urban", having long been developed with commercial, 
industrial, and residential land use. Commercial areas are primarily west of CNC; industrial 
areas are primarily to the north of the base along Shipyard Creek. A site vicinity map, which 
exhibits adjacent properties and structures, vicinity roads, current utilities, and vicinity surface 
drainage, is included as Figure 2. 

Tetra Tech NUS, Inc. (TTNUS) completed a Standard Limited Assessment (SLA) for Site 14, 
which includes two (UST) systems for Quarters S Housing at Charleston Naval Complex 
(CNC) Zone B, in North Charleston, South Carolina. The USTs were used to store fuel oil for 
the boilers of Quarters S in the Naval housing area. Both 550-gallon steel USTs were removed 
in April 1998. The assessment was completed under the direction of the South Carolina 
Department of Health and Environmental Control Rapid assessment guidance dated June 20, 
1997, and approval letter dated_April 7, 1999. 

1.2. Objective 

This CAP presents the groundwater monitoring plan to assess the down gradient plume 
migration and intrinsic bioremediationlnatural attenuation of petroleum hydrocarbons 
contamination in order to validate the assumptions and calculations used in the in the (SLA) 
completed by TTNUS. Details for the abandonment of monitoring wells at UST S are also 
included in this plan. 

1 1 
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2.0 RECEPTOR SURVEY 

A receptor survey of the site vicinity was conducted by TTNUS personnel to identify potential 
receptors for petroleum hydrocarbon contamination. Figures 2 and 3 depict the public utilities 
located within 250 feet of the fonner UST S study area. Specific infonnation concerning the 
depth of utilities bls is currently unavailable, however, utilities at this site generally are 
between 2 to 6 feet (ft) below land surface (bls). Corrective action data summary fonns are 
...... "' • .;,1."',1 ; ... A ...... "" ... ,1;..,.. A 'T'h"" f'nllnunno l1hlrlu r""" ..... tnrC! U7 .. r .. lnl'<lt .. ,t· 
p.VV.&.\.I"",,,U .Ill .r1.l-'l-''''.l.l.u..J.n.. ~ L .... 1.1.'-' .I.V.l.lV Y'l'u.J.& UL..I....LI. ... J .l ~"-'...,t' ... V.l.~ ...... "" ... "" .I.""""' ....... """""'. 

TABLE 1 
Utility On-Site or Distance! Depth to Utility 

Direction from Site 
Buried Communication Cable 35 feet east offonner UST S2 2-6 ft bls 

At fonner UST SI 
Electric 2-6 ft bis 

At fonner UST locations 
Water 2-6 ft bIs 

Sanitary Sewer At fonner UST location 2-6 ft bis 
75 ft south offonner UST SI 

Stonn Drain 2-6 ft bls 

A~~oTr11np to the ST.A Tenort comnleted hv TTNl JS. a !;UTVeV of m-oundwater users within a 7-
--~------o------------r--------r------.1 ---'--~----'-J --c=r----- .. -~- -----

mile radius of CNC was conducted by the South Carolina Water Resources Commission to 
ascertain the extent of any shallow groundwater usage. Results of the water use investigation 
revealed that no drinking water wells, which utilize the shallow aquifer, are located within a 4-
mile radius ofCNC. Irrigation wells are not identified within 1,000 feet of the site. Numerous 
monitoring wells are located within 1,000 feet of the site. The nearest surface water body to 
UST S is Noisette Creek located approximately 972 feet to the north. No basements are 
located on the CNC property. 

There are no city, county or state-zoning ordinances, the property (CNC) is currently owned by 
the federal government. Infonnation concerning zoning ordinances was obtained from the 
SOUTHOIV Remedial Project Manager located at 2155 Eagle Drive, North Charleston, South 
Carolina 29406 (TINUS, 1999). 

TABLE 2 
Receptor 

VisitorlRecreator 
On-site Resident 
Off-site Resident 

Construction Worker 
Commercial Worker 
Surface Water 

Distance! Direction from Site 
On-site no complete pathway 
On-site no complete pathway 
Nearest Building-50 ft south-southeast- no complete 
pathway 
On-site-workin£ in soils or groundwater 
On-site no complete pathway 
UST to Noisette Creek - 972 ft- no complete path~ 

.., , 
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2.1 Fate and Transport Modeling 

No groundwater concentrations exceeded the SCDHEC Risk Based Screening Levels 
(RBSLs); therefore, fate and transport modeling is not required for this site. 

2.2 Soil Leaching Site Specific Target Level 

Tne naphthalene concentration from soil bormg B02 duplicate of 1.8 mgl.re'g exceeded the soil 
leaching RBSL for sandy soil of 0.210 mglkg. The SCDHEC Soil Leachability Model was 
used to calculate a site-specific target level (SSTL) for naphthalene. Site-specific parameters 
were input where available; else SCDHEC defaults for sandy soils were used. The minimum 
calculated groundwater RBSL for construction worker exposure of 1,63mgIL was used as 
opposed to the groundwater RBSL for ingestion of 0.01 mgIL. The soil leaching SSTL 
calculated for naphthalene was 250 mglkg, which is greater than the maximum naphthalene 
concentration of 1.8 mg/kg found in the soil during the site assessment. 

TABLE 3 

Chemical of Concern 

Naphthalene 

Concentration in SB02-
duplicate 
(mg/kg) 

1.8 

Soil Leaching SSTL (mglkg) 

250 

Therefore, since the maximum soil concentration of naphthalene (1.8 mglkg) found during the 
site assessment does not exceed the calculated SSTL for naphthalene (250 mg/kg), the 
construction worker is not at risk if exposed to groundwater by dermal contact, incidental 
ingestion, or inhalation. The concentration of naphthalene in the groundwater resulting from 
naphthalene leaching from the soil to the groundwater will not exceed the RBSL for a 
construction worker in a utility trench (1.63 mglkg) regardless of distance from the source. 
This potential receptor is considered nonthreatoned and further analysis is unnecessary 
(TTNUS 2000). 
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3.0 PROPOSED REMEDIATION TECHNOLOGY 

Based on the results of the SLA modeling, base line groundwater monitoring and soil boring 
sampling will be performed for the site. The monitoring program will consist of sampling 
initially all of the surrounding wells adjacent to the source point, and two additional boring 
sampling points. The proposed monitoring program is described in detail in Sections 4.0 and 
" () nfthi" nl",n Thp rnrr~up A,..hnn Mnnitnnno nl",n i" nrnuiilPil in Annf'niliy r .;.v v w. ..... ~ .t'Aw.L&. ~~- ""'''' ...... __ ..... '1'_ 4. ... _ ...... _ ...... .I. .. .&._~ .. -............. O y"'-. ...... ~ 1' ... _'1' ... _-_ ............... rl'-.-..--· ........ 
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4.0 MONITORING WELL INSTALLATION AND ABANDONMENT 

4.1 Monitoring WeD Installation 

Because the CoC (naphthalene) was only found in a duplicate soil sample at 2-3 feet bIs, no 
additional monitoring wells will be added to this site at this time. 

4.2 Monitoring WeD Abandonment 

A total of thee monitoring wells will be abandoned at Quarters S following the South Carolina 
Well Standards and Regulations R.61-71. The well abandonment will include grouting wells, 
removing stick-ups and removing all guard posts. Any well casing and screen removed will be 
decontaminated and disposed of as general refuse. 

4.3 Surveying 

Surveying of any new monitoring wells will be conducted and certified by a South Carolina 
State Registered Land Swveyor. Datum to be used will be in accordance with USGS NAD' 
27. The surveying subcontractor will report all elevations referenced to mean sea level. 

After installation, the ground surface, top of the protective casing will be surveyed to within 
O.Ol-foot vertic.al accuracy by a state-certified land surveyor. In addition the well will be 
surveyed to a O.l-foot horizontal accuracy. 

4.4 Equipment Decontamination 

All drilling equipment, augers, well casing and screens, and soil and groundwater sampling 
equipment involved in field sampling activities will be decontaminated according to the 
Environmental Protection Agencies (EPA) " Environmental Investigations Standard Operating 
Procedures and Quality Assurance Manual (EISOPQAM). 
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5.0 PROPOSED GROUNDWATER MONITORING PROGRAM 

5.1 Monitoring Frequency and Reporting 

F or groundwater flow see figure 3 in section 8 and tables in section 7. The groundwater 
monitoring program proposed at UST S will be performed in accordance with the SCDHEC 
Corrective Action Guidance dated June, 1997 and consist of the following: 

TABLE 4 
~ampiing date Momtonng wellS "r.'t! ..... •• 

J! lelU lueasures T I. .a...lluoratory 
o·r (Quarter) Sampled Analytical 

Fourth Quarter! MW-OI, MW-02, MW-03 1" , pH, 00, Conductivity, 
Naphthalene 

By method 8260 
Two additional soil Depth to :water, Total depth, Nitrate, sulfate,total 

samples3 turbidity dissolved iron, 
methane, alkalinity 

Naphthalene 
First Quartec MW-OI, MW-02, MW-03 1" , pH, 00, Conductivity, By method 8260 

Depth to water, Total depth, Nitrate, sulfate,total 
turbidity dissolved iron, 

methane, alkalinity 

1. Forth quarter: defined as October, November December. 
2. First quarter: Defined as January, February, March 
3. Soil samples: Taken from north and south of the former SB-02; from 1-2, 2-3, and 3-4 feet. 

• Frequency: Initially all monitoring wells at this site will be sampled along with two 
soil samples located within two feet north and south of the former SB-02 area, 
respectively. Following analytical results, should no CoCs be identified above the 
RBSLs, are-evaluation of no further action will be considered. In the event that the 
CoCs are above RBSLs, additional groundwater sampling will be collected from wells 
CNC14-MW02, CNC14-MWOl and CNC14-MW03. A schedule of this event would 
continue on a quarterly basis as discussed above. 

• Reporting: Semi-annual groundwater monitoring reports will be submitted to 
SCDHEC. 

ll1cluded in the se!J1j-annuaJ reports will be field and analytical information from the 
certified laboratory indicating well numbers, analytical methods used, date sampled, date 
analyzed, and method detection lirrtits. 

At the end of the 6-month period, a performance evaluation will be submitted to SCDHEC 
providing the effectiveness of the intrinsic biodegradation/natural attenuation occurring and 
any recommendations for the site. In addition to the performance evaluation, modeling 
may be performed after each sampling event. 

• Groundwater Sampling 



5.0 PROPOSED GROUNDWATER MONITORING PROGRAM 

5.1 Monitoring Frequency and Reporting 

The groundwater monitoring program proposed at UST S will be perfonned in accordance with 
the SCDHEC Corrective Action Guidance dated June, 1997 and consist of the following: 

TABLE 4 
Sampling date Monitoring Wells Field Measures Laboratory 
or (Quarter) Sampied Analytical 

Fourth Quarterl MW-Ol, MW-02, MW-03 1'" , PH. 00, Conductivity, 
Naphthalene 

By method 8260 
Two additional soil Depth to water, Total depth, Nitrate, sulfate,total 

samples3 turbidity_ dissolved iron, 
methane, alkalinity 

Naphthalene 
First Quarte~ MW-OI, MW-02, MW-03 1'" , pH. 00, Conductivity, By method 8260 

Depth to water, Total depth, Nitrate, sulfate,total 
turbidity dissolved iron, 

methane, alkalinity 

1. Forth quarter: defined as October, November December. 
2. First quarter: Defined as January, February, March 
3. Soil samples: Taken from north and south of the former SB-02; from 1-2,2-3, and 3-4 feet 

e ........ rpO·u· .............. • 1 ... ;+;",11" allt ?nnnitnnnll' .... ,.,.11" <It thi" ,,;t~ u,;11 h~ "<lfnnl~if ~lnna Ulith tUTn 
---:. t;;U"J- .&.J.llLlu.J.J.J J.UVI.Ul.v ... .LI. ... o ... '1'''''Li.~ .......... u~ oJ ..... '" ...-.~ -'" U'-.&& .. t'A._- --....... 0 .............. "" ...... _ 

soil samples located within two feet north and south of the fonner SB-02 area, 
respectively. Following analytical results, should no CoCs be identified above the 
RBSLs, a re-evaluation of no further action will be considered. In the event that the 
CoCs are above RBSLs, additional groundwater sampling will be collected from wells 
CNC14-MW02, CNC14-MW01 and CNC14-MW03. A schedule of this event would 
continue on a quarterly basis as discussed above. 

• Reporting: Semi-annual groundwater monitoring reports will be submitted to 
SCDHEC. 

Included in the semi-annual reports will be field and analytical infonnation from the 
__ ..... :.t:_..:1 l .... 1... __ ... __ y !_A!_",+: ___ '''1:1'.0.11 ft'W'I .... r ...... .o. .. roI ". ...... ""'1,,..;,...,,,,1 '"""o+t.""rlt' 1I1t'A,1 rl"lll+O ~"lII",nlD1,.t rlatJS 
\,;iel L11J~U IClUVl Cl.LVl llIUlva,l.1115 n ~1J. llUJ. ... J.U'-'J. ", Q..Il.Q..l J I.''-'a.&. 'l.''-'I.II.Vu." U.:J\J"" u..u.",,., .xw. ........ t'4"'U., ""'Yo","", 

analyzed, and method detection limits. 

At the end of the 6-month period, a perfonnance evaluation will be submitted to SCDHEC 
providing the effectiveness of the intrinsic biodegradation/natural attenuation occurring and 
any recommendations for the site. In addition to the performance evaluation, modeling 
may be perfonned after each sampling event. 

• Groundwater Sampling 

Prior to any groundwater sampling, each well will be measured for water levels and total depth 
and each well will be purged in accordance the EPA EISOPQAM. 
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• Soil Sampling 

Soil samples will be collected along with the first round of groundwater sampling, in order to 
verify the accuracy of the sample indicating the naphthalene readings. 

Analytical Parameters 

The following constituents win be analyzed for each groundwater and soil samples: 

• Naphthalene using method 8260. 

The following parameters will be analyzed in order to evaiuate the effectiveness of intrinsic 
remediation: 

• Nitrate (NO·3) 
• Sulfate (SU4

) 

• Total dissolved iron 
• Methane (ClL) 

• Alkalinity 

5.3 Field Measurements 

The following parameters will be sampled in the field: 

• Temperature 

• pH 
• Dissolved Oxygen 
• Depth to water table 
• Depth of well 
• Turbidity 
• Specific Conductance 

-
Field measurements will be recorded in the field book and in field forms provided in Appendix 
D. . 

5.4 Groundwater Level Measurements 

Groundwater measurements will be taken from all monitoring wells at the site during each 
sampling event. AlI water level measurements will be taken on the same day as anticipated 
sampling. 
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Measurements will be taken with an electrical water level meter or interface probe if floating 
product is present using the highest part of the top of the casing as a reference point for 
determining depths to water and total depths. Water level measurements will be recorded to 
the nearest 0.01 foot in the field book. 

5.5 Sample Handling 

Sample handling will be conducted in accordance the following references: 

EPAEISOPQAM (EPA May, 1996) 
Charleston Naval Complex Sampling and Analysis Plan (July, 1999) 

5.6 Sample Packing and Shipping 

The following forms will be completed to complete the packing/shipping process: 

• Sample labels 
• Chain-of-custody labels 
• Appropriate labels applied to shipping coolers 
• Chain-of-custody forms 
• Federal exnress air bills - -~---- - .1-

5.7 Quality Control 

Quality Control (QC) samples will be collected during sampling events. QC samples may 
include field blanks, field duplicates, and trip blanks. Definitions of each can be found below 
as described by the EISOPQAM: 

• Field Blank: a sample collected using organic-free water, which has been run 
over/through sample collection equipment. These samples are used to 
determine if contaminants have been introduced by contact of the sample 
medium with sampling equipment. Equipment field blanks are often associated 
with collecting rinse blanks of equipment that has been field cleaned. 

• Field Duplicates: Two or more samples collected from a common source. The 
purpose of a duplicate sample is to estimate the variability of a given 
characteristic or contamination associated with a population. 

• Trip Blank: A sample, which is prepared prior to the sampling event in the 
actual container and is stored with the investigative samples throughout the 
sampling event. They are often packaged for shipment with the other samples 
and submitted for analysis. At no time after their preparation are trip blanks to 
be opened before they reach the laboratory. Trip blanks are used to determine if 
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samples were contaminated during storage and/or transportation back to the 
laboratory (a measure of sample handling variability resulting in positive bias in 
contaminant concentration). If samples are to be shipped, trip blanks are to be 
provided with each shipment but not for each cooler. 

5.8 Field QAlQC 

More information on field QC can be found in section 5.6. 

5.9 Control Limits 

TABLE 5 
Analysis Control Parameter Control Limit Corrective Action 

Air Monitoring Check Calibration of Calibrate to Recalibrate. If unable to 
OVA daily manufactures calibrate, replace. 

specifications 
pH of water Continuing calibration pH= 7.0 Recalibrate. If unable to 

check of pH 7.0 buffer calibrate, replace 
electrode. 

Specific Conductance of Continuing calibration > 1% of standard Recalibrate. 
\vater check of sto::a"rI~rd I solution 

I 

5.10 Record keeping 

In addition to records kept in logbooks, forms will be kept on log sheets for soil and 
groundwater. See Appendix D. 

5.11 Site Management and Base Support 

Throughout the investigation activities, work on the CNC will be coordinated through 
SOUTHOIV and SCDHEC. 

The primary contacts for each are as follows: 

L SOUTHDIV point of contact 
Gabe Magwood 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-7307 
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2. SOUTHOIV point of contact 
Tony Hunt 
Southern Division Engineering Command 
2155 Eagle Drive 
North Charleston, SC 29406 
(843) 820-7307 

3. SCDHEC point of contact 
Paul Bristol 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 
(843) 898-3559 
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H E Corrective Action Data Summary 

~ Division of Underground Storage Tank Management 

.... I"l~O rk. I'RO'r LCr .')to 511' Lit. 

~ERAL 

l-acility ID #: --.:o:::::....:.l~o::.....e~l1'--___ ----------_ County: (Hf\1Z..J~6tJ 

Facility Name: ('I-\Aa.lGSTP...,) N-A\J fL Co '-I. "L ~.,( 
Facility Address: {54$'" HC%:i~ A"€"Nl"lE) ~()sn~ ('~""IZ\s5TC~ 1 Sc. 2, 'fd'5>" 

USTOwner!Operator:~y":".-tt;('-' \::l'\J\SICt.,,) }.j1\\lM,. ~O:::;\iT!"S. t""NC). C(·u.M Phone#: 843- cg2.0 -"307 

Address: 21"55 Eo6tc:.u:o· "\)I'\\.?u \)L'<l.-n4 C"irl\.5£S:r.o~ I $'- 25494. 

CUITe~usecl~dl~~rope~
:_~~D~~~~\~~~~~s~e~--

------~------------_
_ ~ 

Current property owner name: --->'5.t..!.A:l.!('()~t,,--..ot'lL.:l~~A~13~Q~IlE"'--____________ -------__ _ 

CuITe~pmpertyown~addffi
ss:-~~~~~~~~~~~ks~~~~g'

-----_________________ ~ 

# of USTs: _ .... h~o 
Replaced I Tested: ________ _ Remov~: _______________ _ 

(date) 

~ Other: tb;:ATWf-, 6iL 

(specify) 

(Circle one) (date) 

o Diesel 0 Kerosene 0 Waste Oil 
Type of product: 0 Gasoline 

Previous Treatment: 0 Yes o No Effectiveness: ______________________ ~ 

The release occurred in: 0 UST Basin 0 Dispensers 0 Line 

O 
. '3/ ., 

Other Please spedfy: \)ST S-z'" (iwo ~ c~'(J.f1\<:~( 

G\'oc-...+ 

~OSURE AND POINTS OF COMPLIANCE INFORMATiON 

. the exposure points, points of compliance and the x, Y, and z coordinates for each. 

~ 
EP I PC I x I y Z 

"-lilA- I I I 

I I I 

I I I 

I I 
, 

I I I I 

I I I 

I I I 

SO!LSSTL's 

Units· iBen~ene CoG 
SSTL 

t'l\a, 111.% ~.L"~leN€ 2'50 "",\ h<~ 

I 
J 

I 
I 
I 
I 
I 
I 
I 

~ 
I 

I 
I 

I 
I 

l 
I I 

I 
I 
I 

-("' DHe~ 3535 (1111997) 
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Corrective Action Data Summary 

Facility ID#:-..-.!O~'!..::O::....!B::::..1.l-_________ _ 

i f...S 

I . ,ese SSTLs are established for each point of compliance. 
Units: {I\\~ I \<" 

I Chemical I MW- I MW- I MW- I MW: 

I of Concern I GW I GW I GW I GW 

I Benzene I I I I 

Jl-J.H\v~).4 AL ~'-.I\C ~. I I I 

'I 
I I I I 
I 

I I I 
I I 
I 

I I I I 
I 

I I 
I I 
I 

I I I I 

I I I I 

I I I I 

These SSTLs are established for each point of compliance. 
Units: 

Chemical I MW- I MW- I MW- I MW-

I of Concern I GW I GW I GW I GW 

I I I 1 

I I I I I 

I 
I I I I 

I 
I I 

, 
I 

I 1 
I 

I 
I , 

'--~----~--~--~--~II 

These SSTLs are established for each point of compliance. 
Units: 

Chemical f 
MW- I MW- I MW-

, MW-

of Concern 1 GW I GW I GW I GW 

1 
I I I 

i I I I 

I I I I 

I 
. I I J 

I 

I 

r-----+------r-----;---
_-+---__ !I 

The technical file is available for review through the Freedom of Information Office. 

Selected Remedial Approach 

"'-1-------.., ___ -'I Active I 

DHEC 3535 (11'1997) 

Please call 803-734-5376 for an appointment. 

/' 
\/ 1 Intrinsic 
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Corrective Action O-ata Summary 

;eptors 

J\ the receptors and exposure pathways (include distance from source). 

(i) \l \s!1oe./1<-GC!212t'lC\t, : {)M ~irr - Nc C';II ........ \?~lS VA\\jv.1y-'\v 

I 

(j) ON <'";;'l ~ j2..~ ""1 Dg->Sr: ON - S '5E - \J Q CU):A~L£'i"S "Pfmtt.-.!\y 

. (j) OFf 51fC" e~.,; II?SNT '. Nc ... aE5T 1SJ'u:>\~, AJ 5'-> -fT 5.:> .• -:...-1- 'SEe>'! /~w C<..=",,\£!~ -?5\~~"''!. 

I ~)CU"'7'ft4.4(lIN ~()i1.I!!£X' (M-sl'n' ( h\h\,.,:::'.':.::(,. \..... S',,\<:... 4-- 6IZ.o....N"'..;cZ\'81. , 

I 

lb) <;l,,{lZ:-A-LS \...!c..~C:' \)<'1 S:;t, TO &',':>s:rn;: Cile'(;;iL -.. '172..- f="-r /No (vMy.7\..'e1l;" Dt:rfll"...o't--j 

fJ2. C(J!-AMV~,c,.:n"....) CI.-\;''<: ~ -~S'.f''''' FA""\' c*- UST ~\T'C. 

IZ> (;1..~c:..--r('LI(' .- v.. \' rya."""S;(l V;), $. , 

References 

Piease see the following reports for site specific information. 

(List the report title and date) 

--. 

~ 
( 

Tt?'1'2..A- It;;'('oJ ~\.ls) \~C. I,J\.Ai2c\4- laoe. "S'rfl("o"ft.O L .... I'-'\l'lC?Q A~~~""E~ 

~r;;\,()<!-, ,~ S;"\E"" '~,Qu .. ~I2\l?cl..~ 'S (2.cr'""C is), C\-\.Mllc~\Z.l~ ~p...\J .• ~ 

DHEC 3535 (' ", 997) 
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i 
SUMMARY OF SLUG TEST 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE ID #: 01089 COUNTY: Charleston 

FACILITY NAME: Site 14, Quarters S, Charleston Naval Complex I 
Slug Data 

See Appendh: Final Zone B RFI Report Table: 2.3 and 2.4 Figure: for a list of all data measurements. 

(water level logs, etc.) (Complete as appropriate.) 

Water Level Recovery Data was measured by See Final Zone B RFI Report 

(Hermit Data Logger, Manually with Water Level Indicator, etc.) (List Method). 

Complete the following table for each well tested. 

COMPLETE A SECOND SHEET IF MORE THAN FOUR WELLS ARE TESTED 

. ' NtlCtl·GDB-OOi I NBCB-GDB-002 I NBCB-GDB-004 I NBCB-GDB-04D I 
Sluo e t ell s number n o T s Co ducted In w () 

nitial RiselDrawdown in wen (feet) I I 
adius of Well Casing (feet) 

Effective Radius of Well (feet) 

Static Saturated Aquifer Thickness (feet) 

Length of Well Screen (feet) 

Static Height of Water Column in Well (ft) 

Calculations 

See Appendix: Final Zone B RFI Report Table Figure: for calculations. (Complete as appropriate.) 

The method for aquifer calculations was: Bouwer and Rice (1976) for (i.e. Bouwer-Rice, Cooper, etc.) 

shallow, Cooper for deep 

Calculated values by well were as follows: 

Slug Test Conducted in welles) number 

Hydraulic Conductivity 

NBCB-GDB-OOI 

0.00134 

NBCB-GDB-002 NBCB-GDB-004 

0.792 7.92 

Thickness of the aquifer used to calculate hydraulic conductivity was feet. 

NBCB-GDB-04D 

0.276 (deep well) 

The aquifer is confined semi-confined X water table (Check as appropriate.) 

he estimated seepage velocity is 10.31 feet per year based on 

a hydraulic conductivity of 2.9 , a hydraulic gradient of 0.00458 ,and 

a porosity of 0.47 per cent for sandy soil (list ripe i.e., silty sand, clay, etc). 

40 



Corrective Action Monitoring Plan 

r 

,lity 10#: _____________________________________ _ 

Proposed Monitoring Program 

Active Corrective Action ____ / __ Intrinsic Corrective Action 

List method used to verify intrinsic remediation: 

Tracer compounds: ....!tJ.::!.L.!/~~ _____ _ 

Time vs. concentration: _____________________ ~ _____ _ 

Other: _________________________________ _ 

Proposed Sampling Parameters and Frequency 

l Parameter I Frequency I Well # 

IN ApJ.Jnl ttl ,"NE" 
, f{ivlt~/e"tZ.i'1 ~ 

I M"'-l b ( J MW c'- I "","W c~ 

I 
I I 

-I . 

r-, t:"t- 0 : 1) 0, iJ H (()..d o.L n v, "., 

I f1.a.~OIN "t-')~Mj1-'''o''fl...fl': 
I 

1 

I I 
I 

I 

I I 
I 
I 

I 

----~-----
-~~----~II

 

* \h"~r'ls,;: ~t:>""" SO:TI~ ~ -4 c.....-.c.l S 0;: il"tE C't.lQ~c ... cnV'-= A-/::t"H • ..-. 

Reierences 
()\""I'\~. 

Appendix Check List 

II Soil Quality Data Table 

c==J Ground-Water Quality Data Table/Graph 

c==J Potentiometric Data Table/Graph 

c==J Site Map (topographic or county map) 

c==J Tax Map 

c==J Soil Impact Map 

~
~ Ground-Water Impact Map 

.=J Cross Section 

c==J Predicted Future Migration Map{s) 

I I North Arrow and Bar Scales on all maps 

DHEC 3543 (11'1997) 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

o Surface Soil 
~ ~ubsurface Soil 
-U Sediment 
o Other: 
o QA Sample Type: 

GRAB SAMPLE DATA: 

Date: , 
2,.. c.c. 

TIme: I &./ ~th 
Method: 

Monitor Reading (ppm): 

COMPOSITE SAMPLE DATA: 

Date: TIme 

Methorl: 

I:~~~o: :~~a_d~~9S 
V"""'~C 1/1 ppm}: 

Depth 

2,.-3' 

Depth 

SAMPLE COLLECTION INFORMATION: 

Analysis 

K-rx.J ED~ 
D\Jp 
PA-'''' 
Dv.P 

-.PJ.4 
nuv 

OBSERVATIONS I NOTES: 

LJ Vp II c.aJ.c. 
fo-~ 

Circle if Applicable: 

Page.,L of _1_ 

Sample 10 No.: I t{SL8¢ 2(j;2¢ 
Sample Location: --.....,I;t31'~:....?~--
Sampled By: g f 1;t;4-
C.O.C. No.: I 

Type of Sample: 
n Low Concentration -o High Concentration 

Color Description (Sand, Silt, Clay, MOisture, etc.) 
-

rJ.k hr. (,(U.1e'1 S~~d 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

Container Requirements Collected Other 

If ~lor~C 
y 

"" rJj~"'(" 
1 t./ Q 7-

I c..t o"t. 
'I '-10"7 

i L/o~ 

MAP: 

.--

Signature(s): 

l 
MSlMSD I DUPj-Y;28d2P2(iJ]' P \\l,~l, I Ii -f j/ I r-~ 

II 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

o Surface Soil 

1, ~~~;~~:;e Soil 
u vt;;;YII'I~11\ 

o Other: 
" ""'A ,... I ..,.. 

U \,li'\ ;:,ample I ype: 

GRAB SAMPLE DATA: 

Date: b Z t?c, Depth 

Time: IS 05 
Method: ~_'-II 
Monitor Reading (ppm): 

COMPOSITE SAMPLE DATA: 

Date: Time Depth 

Method: 

IMonitor Readings 

(Range in ppm): 

SAMPLE COLLECTION INFORMATION: 

Analysis 

t"ffl-l 

YT&'X ~R 

6,-~,·,., ~'~ 

OBSERVATIONS I NOTES: 

. 

Circle if Applicable: 

MS/MSD I Duplicate ID No.: 

Color 

Page_\ _ of_I 

Sample ID No.: 
Sample Location: 
Sampled By: 

1C/~LI5({tf¢3r:6 
~¥ 

C.O.C. No.: 

Tvne of Samole: . I r - ~ - - I 

o Low Concentration 
n H' h r t f u .!9. I ..... oncen.ra..!on 

. 

Description (Sand, Silt, Clay, Moisture, etc.) 

/:,;'. -
~i(~ ~.,.~ 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

Container Requirements Collected Other 

I 'f 62-

'( C:~'DI-~ 

I 1'2- 4> '2.. 

MAP: 

. 

Signature(s): 

I. /J 



Project Site Name: 
Project No.: 

o Surface Soil 
~ Subsurface Soil 
tJ Sediment 
[] Other: 
U QA Sample Type: 

IMOlnitor Readings 

In ppm): 

:. .:- ~ JIotf: _ ,11'; 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Sample 10 No.: 
Sample Location: 
Sampled By: 

J l/- Sl. 15 tS-PJ (f 
I~c..vc /f../.~tJ~ 

~.r-'-KJ.-
C.O.C. No.: 

Type of Sample: 
n LowConcentration 
[] High Concentration 

MSlMSD Duplicate ID No.: 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Page. I f I 

Project Site Name: :COlA-c... (5 Sample ID No.: / 4SL ~cPfD pq.~s 
Project No.: Sample Location: It! r ~ob 

Sampled By: ?-
[] Surface Soil C.O.C. No.: 
1J Subsurface Soil 
[] S diment Type of Sample: n f"'W. .... __ n I _u. I" _____ .~.il"\'" 
U VU'IW'. LJ ~\J'" ,-,"'I u.",C;;( 'U GUo,,,,,, I 

U QA sample Type: [] High Concentration 

~ (PI t ~ ·~S~._ sPe! MO~". ~.) 
inme: I<;</-o 

t..f- s IL 1s- t ytJ ......... ""'- . <; 0--2 t C/. ..... ''' ..... ~~ 
.~: ...... ~<" ... ~ .. - .' ' . .. ~ ... . . , . . 

lDate: Tlm~ Depth Color __ v ...... _ (Sand. Slit, CI!y-,-.. oI.tt .... etc.) 

, .. 

M',IIiitul Readings . 

(Range In ppm): 

.. ~~-. ~, i "~~<::",e.;_ .. '~'" 
....... &. ,.., Other 

r.:. lEV LFD~ c.f - _ (" r::t c· '" (. .-
------Pt4-H I tiD ~ ----

. 

- .::i .. _. . . 

Sit .~ ... if ~..; ,., . ;'''''''''7,;. 

MSlMSD DupilcaW ID No.: 1k,1tA. 
I 
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GROUNDWATER LEVEL MEASUREMENT SHEET 
. -

:.::.~.s'£ .• ' ..... : ... '"t..c:~~Jo~:~_"!.L';'.:;'~~.t;~·.!'!':l'!':~~"tl:::~.::aJ'''~;''~ .,.-.&f~~ 

Pr jed Name: g,'-k l~ Project N .: cblL{1 
Location: uvr CVz~~£J...cn,.. Penol1J1el: JC..t~o ..... Mc6-...... / T't---..slJ;o_ 
Weather Conditiozu: Ifl'4 (~2sd ,(14- Mea.urinc Device: 

( 

Tidally Influenced: Ye._ No_ ",:/(1 Remark.: 

WeUor I I I Elevation at I Tat.a1 I Water Level IThicm ... oJ Groundwater I 
I Piezometer I Date I Time I Rererence pOintl Well Depth Iindicator Readin rree Produc I 

Number (reet)· (reet)· (reet)· (reet)· 
Elevation 

(reet)· 
1 Comment. 1 

(,J l-I'/ fIl WI c:,/g;~~ ¢PJle; 1"/. 2(. 4. -:r( 

InWP2 qh/'¥I pc, 1"1- 14 . .s~ r;. (I; 

(YItV "5 q/fltf4 £11",'$ lS .rp1- t..f.2rP 

- -. 

I· -
I 

-

• All me~.,,1S 10 lhe nearest D D1 faa! page_of_ 

-.... 

I 



Tetra Tech NUS Inc , 

Project Site Name: 

Project No.: 

Sampled By: 

Field Analyst: 

C )JC 

FIELD ANALYTICAL LOG SHEET 

GEOCHEMICAL PARAMETERS 

S'J1~ ) ~ Sample 10 No.: 

IV 0 1 ttl Sample location: 

-rJ-M '" I' ~ Duplicate: 0 
--r-r-M 

1'\" 
Blank: 0 

Field Form Checked as per uAiur..; r..;heckiist (initials): \jllAN\ 

Page \ of J 

iY Cr L"" D) ~ 1 
C...vC ,'1 M\lJo~ 

SA,-,PLIt:JC! .~TA:~~~.r~ri.~~1~f~~\WJ~~~f~~11~~i'i:~:a~1~.I:!r!~~i~~ft,~~?§.~t~~~~J~!J~:i~t~~~~f;b~~:"~~~;!.'~;;:"~~!f,';iI;el~~~f'1:.ife~~~~~k'~~~~~~~~~i~~~!Z~~1:~~~i:;!la!~~v~~, 

Date: C1/~/9tJ. Color ORP (EhJ S.C. Temp. Turbidity DO Sal. pH 

Time: \ 2"2.5 (VISUal) (+/- my) (mS/en) etC) (NTU) (Meter, mgll) (%) (SU) 

Method: p ef ;St«1~ ~l.f{)'( - o.v\ 1 ?~. () ~ f) . 'j~ ~I.' 
SAMPLE COLLECTION/ANALYSIS ,INFORMATION: ::\ :,' . .' , ,~~~~··:.~":f' .>.:;': 1.':;; .... ;! :'~: 'i,~:'''' :'7' i, ".~~ •••. ~' : ' "'~:.:":: :",~.; ~ ,;:;,,;"i)':~::, ,;':~8;:~:',,,'~":~;!!"~:~:l:':-:~~~~)~~fr.~;;,~~ :R:'~"f. ~,,:r:,~':~':\'i::!;;', 

Dissolved Oxygen: 

(§eUics ;ange:~~ i ~ ~~ EqUipment HACH Digital Titrator OX-DT Analysis Time: 
) 

Range Used: Range Sample Vol. Cartridge MUltiplier Titration Count Multiplier Concentration 

0 1-5 mg/L 200ml 0.200 N 0.01 x 0.01 = mgll 

0 2-10 mg/L 100ml 0.200 N 0.02 x 0.02 = mgll 

CHEMeUics: O. \.D mgll 

Notes: 

A!kalinitj: Analysis Time: '-' IN 

~CH Digital Trtrator AL~ 
\u \ I) 

Equipment CHEMeUics (Range: mgll) Filtered: 0 

Range Used: Range Sample Vol. Cartridge Multiplier TItration Count Multiplier Concentration 

0 10-40 mglL 100ml 0.1600 N 0.1 & x 0.1 = mgll 

OJ 40-160 mg/L 25ml 0.1600 N 0.4 & x 0.4 = mgll 

62J 100-400 mglL 100 mI 1.600 N 1.0 0 & !o;l",-, X 1.0 = ') \D'mglL 

0 200-800 mg/L 50ml 1.600 N 2,0 & x 2.0 = mgll 

0 500-2000 mg/L 20ml 1.600 N 5.0 & x5.0 = mgll 

0 1000-4000 mgIL 10ml 1.600 N 10.0 & x 10.0 = mgll 

I I I Parameter: Hydroxide Carbonate I Bil;arnonate I 
I Relationship: o 

CHEMetrics: mglL 
-

Notes: 

Standard Additions: 0 Titrant Molarity: Digits Required: 1st.: 2nd.: 3m.: 

Carbon Dioxide: 
Equipment eACH Digital Tltrator CA-Dj) CHEMeUics (Range: mg/L) Analysis Time: )1~ 0 ~ 

Range Used: Range ISample Vol. I Cartridge -I Multiplier TItration Count 1 1 Concentration 

0 10-50 mg/L 200ml 0.3636 N 0.1 xO.1 = mg/L 

'-,~ 20-100 mgIL 100ml 0.3636 N 0.2 x 0.2 = mg/L 

{V1 100-400 mgIL 200ml 3.636 N 1.0 x 1.0 = mgll 

I2j 200-1000 mg/L 100 mI 3.636 N 2.0 ? \,"2 x 2.0 = 51"1 mg/L 
_11_ ..... -

I
l.on~MetrlCS. ___ ,mg/L 

. Notes: 

Standard Additions: o TItrant Molarity: Digits Required: 1st.: 2nd.: 3m.: 



FIELD ANALYTICAL LOG SHEET 

GEOCHEMICAL PARAMETERS 
Page ~ of 3. Tetra Tech NUS, Inc. 

Project Site Name: CJJt 5)~ I~ Sample ID No.: ill G-lM v J 0 I 
Project No.: No I ~) Sample Location: C .tJ ( I Lf .JJ..Wo \ 

Sampled By: T1"" fV\ \--=rl Duplicate: 0 
Field Analyst: -:r)M 

'I~b 
Blank: 0 

Field Form Checked as per QAlQC Checklist Onitials): I 
SAMPLE COLLECnoN/ANAL YSIS INFORMATION:' ~r~·i::'I,~,::;\!" ... ';"'J.[ ;!-:: .... : .. ~I:" \:1": ': ':' I~:- . ,,''':t:,','~' "',I,'. .. " :', ;~: .. :::: 1:,,:,:,::I!.::',:i~,h::;::~f.~t.I:j'~!m;~+i ~~~~ ~i' ~". ~.,'::: :' ":o! " ~'" 

Sulfide {S21: 

~~~ Equipment: DR-70O 

ProgramIModule: 610nm 93 

Concentration: C. \] mglL 

Nates: 

Equipment: DR-700 DR-8 

ProgramIModule: 91 
!~ 
Iconcentration: ~ mglL 

"-..... 

Standard Solution: 

Standard Additions: 

Notes: 

Nitrite (N02"-N): 

o 
o 

--

Equipment: DR-700 ~ 
ProgramIModule: 

Concentration: 

ProgramIModule: 

Concentration: 

60 

b. 0 '-'\ g' ______ mglL 

DR-8 

55 

____ ....;;:.. ..... mg/L 

Standard Solution: 0 
Standard Additions: 0 
Notes: 

. 

HS·C Color Chart HS-WR Color Wheel Analysis Time: I ~ 'L~ 
Other: 

Filtered: 0 

Other. Analysis Time: 

Filtered: 0 

. ......, __ O.2ml:. ___ O.3ml:. __ _ 

Other: 

Other: 

Analysis Time: J \oj t, S \0 
Filtered: 0 

Reagent Blank Correction: 0 
Standard Solution: 0 Results: 0 

Analysis Time: 
=----

Filtered: 0 

Nitrite Interference Treatment: 0 
Reagent Blank Correction: 0 

' ___ O.2mI:, ___ O.3ml:. __ _ 



Tetra Tech NUS Inc , 

FIELD ANALYTICAL LOG SHEET 

GEOCHEMICAL PARAMETERS 
Page '3 of 3 

Project Site Name: ('JJt 5n~ , 4 Sam~le ID No.: \\.f (J.lJ..\ 'Dl a 1 
Project No.: tJ o J4J Sam~le Location: c..N( 14 .M w () \ 
Sampled By: J)...fJ\ \-r, Duplicate: 0 
Field Analyst: -:5j}J\ 

" II Blank: 0 
Field Form Checked as per QA/QC Checklist Onitials): I\)JI~ I 

....... __ ... __ 11 .... _ ........... r a .... A .. ,'''~'f!Io .... rl'\:e •• A ... 1f"\.&.1.,..'IlI!I'U ;;~I'hl:t'r~! ~r,...!::!'.:l"'ii ~jf:~r::"'f' ~'!-_ ~'U! ... ;1,'''!.~ i "I!i!!.' rll.'!,!i!tI ...!!,,1 ~" .. :": .. "JI': ~ .. I'.I':,'''~.I'i''! •• J~I.lII;.lfol, .. It'!l,';~!I/'!h!lh!l!tJr'lllJi!~~t;:!!!I:~~~~'''U,'''''''''1''I!t."_1I!f'.JJ:I' .. ~ ... J.o!.!~!I!l.l.~ I L" .. , 
~AMr~c: "'UL..LC~ J 1V1W"",ru-u,. 1 ,..,.~ ~1 ... r..,"".lI"'\ 11""1I.'''1!!ill-l.',''iI>!;' i.-;'~!.~lTte:-;~"'~"'~~~"·i9.;:.}-r:: :l'j:;~~~·C"!;Ii~;', "~P!ll'~;:;~± .. ?;~;'1;~~l"I:~.".¢-ri!~';I"~ili,t·"I~il" ~~~:.~~¥".Jo1:t:i'!l'"lholi1o' ~1.,*%O~::f!It,J;l:!~h'll;!i.~ri'i~,,ij',,~,;,;:~~-rj!h::~~~:': 

Manganese (Mn2+): 

~~ ) 1',3 0 Equipment DR-700 HACH MN-5 Other. Analysis Time: 

ProgramIModule: 525nm 41 -
Concentration: 0 ,\) mgll Filtered: 0 

Digestion: 0 
Standard Solution: 0 Results: Reagent Blank Correction: 0 
Standard Additions: 0 Digits Required: 0.1 ml: O.2mI: 0.3ml: 

Notes: 

I= .. rr",,,,,, Ir",n 11= .. 2+,. 

1
'_"_--_'-"\'" " 
Equipment DR-700 6i-8~V IR-18C Color Wheel 

33 

Other. _____ Analysis Time: _i_)_, ,....;3;...~ __ 

ProgramIModule: SOOnm \ I 

Concentration: '3 . '0 1 mglL Filtered: o 
Notes: 

Hydr gen Sulfide (H~): 

Equipment: ~ Other. Analysis Time: ) \: 3 ~ 

Concentration: '"'7 ... C __ ..;:;... .) ___ mglL Exceeded 5.0 mglL range on color chart o 
Notes: 

IQA/QC Checklist: 

All data fields have been completed as necessary: 

Correct measurement units are cited in the SAMPLlNGJDATA block: 

Mulitplication is correct for each Multiplier table: [9 
Final calulated concentration is within the appropriate Range Used block: 

Alkalinity Relationship is determined appropriatly as per manufacturer instructions: 

QAJQC sample (e.g., Std. Additions, etc.) frequency is appropriate as per the"&r ~ect planning documents: 

Nitrite Interference treatment used for Nitrate test if Nitrite was detected: 

Title block is initialized by person who performed the QAJQC Ckecklist 



Tetra Tech NUS Inc . . 
FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Page \ of J 
Project Site Name: C,N\. 5)6-~ \l) 

Sam~le ID No.: ,y G~}J\ 0'1!;) 1 
Project No.: ;Joltfl Sample Location: tJJt J4 j.J. \)J b 1.. 
Sampled By: 'J"::"[-tJ\ \-\\ Duplicate: 0 
Field Analyst: "TJ-M " " 

Blank: 0 
Fieid Form Checked as per QA/QC Checklist Onitials): I\.P~ 

SAfAPLING, DAr~:fJ~~Qr~~~r~i1$l~ci;~~!~~:a:_f~1~~~~!l_iifle1l'~~~i~~a1}Jj~:~)~~~~~~~~~4~;~~~:~~j~'If~~~~~~~f!.'~iI~~"~~~~~~f.l~~!~~~:~I:~~~~~~," 

Date: ~ Ii J~~ Color ORP (Eh) s.c. Temp. Turbidity DO Sal. pH 

Time: ,Y3° (VJSUal) (+I-mY) (mS/an) ('C) (NTU) (Meter, 111211) (~) (SU) 

Method: ()~\\S~\'nt.' t\-ec..1 - 1,1..,\ 1.:t . til d 0·'13 - \lSl 
SAMPLE COLLECTION/ANAL YSIS INFORMATION::,:~i;,r-' 1,~:'::~n1j~J:~ ;,:~~~ ::;;'i-~::t'~:,':!',~ 1,::,1P'" :';;'~ ;lr,~:,,~ ':;,! 1:;!:,l.'j, '?:l!·' ""I!li:\.!r~;(!;:hl~}?,~~,\'f-;t'~l~~~~l1~i·~m~4~~:~'~, '; '~~::'.1.'i r.~:"!l:;' '~ 

Dissolved Oxygen: 

Equipment HACH Digital Titrator OX-DT ~Metncs lRange: 0 - l mgIL) Analysis Time: ) LI',Y 5 
Range Used: Range Sample Vol. Cartridge Multiplier TItration Count Multiplier Concentration 

0 1-5 mglL 200ml 0.200 N 0.01 x 0.01 = mglL 

0 2-10 mglL 100ml 0.200 N 0.02 x 0.02 = mg/l 

CHEMetrics: O. ~ mg/l I Notes. 

r" •• ,_ ••••• I. 

~it~~f~rator AL-DT ) Equipment CHEMetrics (Range: mg/l) Filtered: 0 
Analysis Time· 

Range Used: Range Sample Vol. Cartridge I Multiplier Titration Count Multiplier 1 Concentration 

0 10-40 mglL 100ml 0.1600 N 0.1 & xO.1 = mg/l 

0 40-160 mglL 25ml 0.1600 N 0.4 & x 0.4 = mg/l 

ISZ], 100-400 mg/l 100ml 1.600 N 1.0 & x 1.0 = mg/l 

_[3 200-800 mg/l 50ml 1.600 N 2.0 0 & d.~~ x 2.0 = ~ \ \0 mg/l 

0 500-2000 mg/L 20ml 1.600 N 5.0 & x5.0 = mg/L 

0 1000-4000 mg/l 10ml 1.600 N 10.0 & x 10.0 = mg/l 

Parameter: Hydroxide __ Carbonate Bicarbonate 

Relationship: o 
wnt:.lYleUICS: III ~ 

Notes: 

Standard Additions: 0 Titrant Molarity: Digits Required: 1st.: 2nd.: 3n:l.: 

Carbon Dioxide: 

Equipment GACH Digital Tltrator CA-DT CHEMetrics (Range: mgIL) Analysis Time: ,r tlc, 

Range Used: Range I Sample Vol ICartridge I Multiplier Titration Count I I Concentration 

0 10-50 mg/l 200ml 0.3636 N 0.1 xO.1 = mg/L 

0 20-100 mg/l 100 mI 0.3636 N 0.2 x 0.2 .. mg/L 

D' 100-400 mg/L 200ml 3.636N 1.0 x 1.0 = mg/L 

~ 200-1000 mg/L 100ml 3.636 N 2.0 '7\..J.. x 2.0 =/)~mg/L 
_, , ....... -.1.-.:- • --

l
,",n~Memcs. ___ , ... g/'... 

_Notes: 

Standard Additions: U Titrant Molarity: Digits Required: i st.: 2nd.: 3r.:I.: 



FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Page ~f.1 Tetra Tech NUS Inc , 

Project Site Name: CJJt S'r~ 14 SamEle ID No.: ILl G.-LJJ) 1;:)""2 0 / 

Project No.: IV-ollfl SamEle Location: ~rC. J 9 ~vJ 01. 
Sampled By: lYJJ\ rT-r Duplicate: 0 
Field Analyst: -r-f.fJ) 

, ~ Blank: 0 
Fieid Fonn Checked as per QAiQC Checkiist (iniiiais): Il'~J\,-, I 

SAMJ?LE CQlLEcnoNJANALV~1S ,JNFORMATJ~:~~~~dr3;~':~~~~~~~StJt~~~!.~~t!!~~~~~!~~ji~:tt!:;~~~~ljllli~b~~Eti~~~i~~:ffiii~~)l:~~~b~1!tr~l!"'!i~~~!i5 :,';':';::" 

Sulfide (521: 

~ Equipment DR-700 

ProgramIModule: 610nm 

Concentration: 
'0,0 

Notes: 

I~ Equipment DR-700 

ProgramIModule: 

Iconcentration: 

Standard Solution: 

Standard Additions: 

Notes: 

Nitrite (N02"·N): 

o 
D 

Equipment: DR-700 

93 

mgIL 

DR-8 

91 

ProgramIModule: 

Concentration: 

60 

_O_\_O_r-_~_mg/L 

DR-8 

ProgramIModule: 

Concentration: 

Standard Solution: 

--

Results: 

HS-C Color Chart 

other: 

other: 

other: 

--~ 

HS-WR Color Wheel Analysis Time: y2l 5S 
Other: 

-

Filtered: 0 

Analysis Time: 

-
Filtered: U 

___ O.3ml: __ _ 

Analysis Time: ) :I ~ S b 

Filtered: 0 

Reagent Blank Correction: 0 
Standard Solution: 0 Results: 0 

Analysis Time: 
=:-----

Filtered: 0 

Nitrite Interference Treatment: 0 
Reagent Blank Correction: 0 

Standard Additions: 

o 
o Digits Required: O.1ml:,_---= ..... O.2mI:, ___ O.3ml:, __ _ 

Notes: 



Tetra Tech NUS Inc . . 
FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Page J of 3 

Project Site Name: C)JC S~ \'-' SamEle 10 No.: lY G- /..../11} () ""2. 0 ) 

Project No.: A/61 ~l SamEle Location: C.rJc. ) 'i ;., w 0" 
Sampled By: 'j'-v'\ ~ \""'\ Duplicate: 0 
Field Analyst: -:)-sM err Blank: 0 
Field Form Checked as per QA/QC Checklist (lnitiais): I J'~" I 

SAMPlE. COLtECnoNlANALYSIS INFORMATION:'~W.~}l~~1.i~!\'i.~&!1(1;~li~re-m~~f."i'i;~:tqlj'j!:ilI~~,,;,~r~~~?m,~!~~'~~:'~Eiilt~~~'l~ii~'~~~~;~,: 

Manganese (Mn2+): 

~ Equipment DR-700 HACHMN-S other: Analysis Time: )"2 ~ 20 

ProgramIModule: 525nm 41 

o .l- -
0 Concentration: mglL Filtered: 

Digestion: 0 
Standard Solution: 0 Results: Reagent Blank Correction: 0 
Standard Additions: 0 Digits Required: 0.1 ml: 0.2m1: 0.3ml: 

Notes: 

Ferrous Iron (Fe2+): 
\ \ , U \ 

DR-700 ~ IR-1BC Color Wheel Other: _____ AnalysIS Time: J I. I I 

ProgramIModule: SOOnm 33 

Concentration: ]:3b mglL Filtered: 0 
Notes: l" ';\JlI. \).. 

Hydr gen Sulfide (H~): 1\ t~ 'I Equipment: ® Other: Analysis Time: 

Concentration: 'U.S" mgIL Exceeded 5.0 mgtl range on color chart: 0 
Notes: 

-
QA/QC Checklist: J All data fields 'have been completed as necessary: 

J 

~ Correct measurement units are cited In the SAMPLI~ATA block: 

Mulitplication is correct for each MUltiplier table: 

~ cd Final calulated concentration is within the appropriate Range Used block: 

Alkalinity Relationship is determined appropriatly as per manufacturer instructions: ~ OAIQC sample (e.g., Std. Additions, etc.) frequency is appropriate as per th~ject planning documents: 

Nitrite Interference treatment used for Nitrate test if Nitrite was detected: 

Title block is initialjzed by person who performed the QAlQC Ckecklist: 

~ 

I 



FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS, Inc 

Project Site Name: Sample 10 No.: 

Project No.: Sample Location: 

Sampled By: Duplicate: D 
Field Analyst: 1\. Blank: D 
Fieid Form Checked as per QAiQC Checklist (initials): irlll+.IIIr-I\t":'"A"",-~ ---'1 

Date: Color ORP (Eh) s.c. Temp. 

Time: 1 '1. \ 0 (VISUal) (+ /- my) (mS/en) (Ie) 

Turbidity 

(NTU) 

Dissolved Oxygen: e cs (Range: \ - \ l.. mglV Equipment: HACH Digital Tltrator OX-DT 

Range Used: Range Sample Vol. Cartridge Multiplier Titration Count 

o 1-5 mg/L 200ml 0.200 N 0.01 

o 2-10 mg/L 100ml 0.200 N 0.02 

CHEMetrics: f. '0 mg/L 

Equipment: HACH Digital Tltrator AL-DT CHEMetrics (Range: mgIL) 

Range Multiplier Titration Count 

10-40 mglL 0.1600 N 0.1 & ---
40-160 mg/L 2Sml 0.1600 N 0.4 0 & \ '1 0 

100-400 mglL 100ml 1.600 N 1.0 & 

200-800 mg/L SOml 1.600 N 2.0 & ---
500-2000 mglL 20ml 1.600 N 5.0 & ---
1000-4000 mg/L 10ml 1.600 N 10.0 & ---

I Parameter: Hydroxide Carbonate Bicarbonate 

I Relationship: 
0 0 5\0 L,,~ .. ~ 

""nc:.Memcs; mgiL 

Notes: . 
Standard Additions: D Titrant Molarity: Digits Required: 1 st.: 2nd.: 

Carb n Dioxide: ~ 
Equipment: ~ Di9;1 Tltrator CA-DT CHEMetrics (Range: mglL) 

-

DO 

(M eter, 1IlI!/l) 

1.").1 

Analysis Time: 

Multiplier 

x 0.01 

x 0.02 

lJ. "~tvc:ic: TimA" '-"''''1-'''''' I II •• _. 

Filtered: 

Multiplier 

x 0.1 

x 0.4 

x 1.0 

x 2.0 

x 5.0 

x 10.0 

3rd.: 

Analysis Time: 

Range Used: Range I Sample Vol. I Cartridge I Multiplier TItration Count I 
0 10-50 mg/L 200ml 0.3636 N 0.1 x 0.1 

0 ~1oomgIL 100ml 0.3636 N 0.2 x 0.2 

[ V 10Q.400 mglL 200ml 3.636 N 1.0 x 1.0 

b. 200-1000 mg/L 100ml 3.636 N 2.0 l\gg x 2.0 

"'U~"'''_.L''': __ -
I 

"nO;;;IVIIOU1Cli. ___ ,mglL 

. Notes: 

IStandard Additions: o TItrant Molarity: Digits Required: 1 st.: 2nd.: 3rd.: 

page) Of....3 

Sal. 

(%) 

) \) ~ 5"5 

Concentration 

= mgll 

= mgll 

'l'"\' ca , _ • ....,;11 -

0 

Concentration 

= mgll 

= \" mglL 

= mgIL 

= mg/L 

= mglL 

= mglL 

\ , '. I 5 
I Concentration 

= mg/L 

= mg/L 

= mg/L 

= )~~g/L 

pH 

(sU) 



FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Page d- of '3 Tetra Tech NUS,lnc. 

Project Site Name: CJJC SM l~ Samele 10 No.: )\-1 G~"" 0]01 
Project No.: Jf\L~ 'i , Samele Location: CJVC \ q ..MW'O] 

Sampled' By: Tj..M ~ l\ Duplicate: ~ 
Field Analyst: TJM 1 A Blank: 0 
Fie!d Form Checked as per QAJQC Checklist (initials): I[l(~ I 

s".~P.LEC9UECTlONlP.lAtYSIS INFORMATJON;~liij,hiiOO~.~~~Sf!~~ei>'~~~i.~;'@j~t'~~ili!r.~i~j!!:.'f.~'i~~:r.~~"~~V~fj:!'!~~'f#~:~ 

Sulfide (S21: 

@ Equipment DR-70O HS-C Color Chart 

ProgramIModule: 610nm 93 

Concentration: 
O .. \) 

mglL 

Notes: 

I~ Equipment DR-700 DR-8 __ Other: 

ProgramIModule: 91 

. . .. 

~ 
I Concentration • 

Standard Solution: ResUItS~ 

HS-WR Color Wheel Analysis Time: . Jlf ~ 30 
Other: 

-
Filtered: 0 

Analysis Time: 

1""": ... _ .. _ .... n 

Standard Additions: 

Notes: 

o 
o Digits Required: o.1ml:~ O.2mI:. ___ O.3ml: __ _ 

Nitrite (NO;-N): 

EqUipment 

ProgramIMocIule: 

DR-700 

Concentration: 

Notes: 

ProgramIModule: 

Concentration: 

Standard Solution: 

Standard Additions: 

Notes: 

o 
o 

GR-8~:9 other: 

60 

mgIL 

DR-8 

55 

Other: 

Analysis Time: ) '1 ~ S ~ 
Filtered: 0 

Reagent Blank Correction: 0 
Standard Solution: 0 Results: 0 

Analysis Time: 
=:-----

Filtered: 0 

Nitrite Interference Treatment: 0 
Reagent Blank Correction: 0 

. __ ~ O.2mI:. ___ O.3m1: __ _ 



GROUNDWATER SAMPLE LOG SHEET 

Page \ -Of-1 

Project Site Name: (!N( I Si~~ Sample 10 No.: <!'~CI~Mlllffi 

Project No.: OIY, Sample Location: 5~\~ 

Sampled By: JJ'..M ",-r-r 

[] Domestic Well Data C.O.C. No.: 

~ Monitoring Well ~ata Type of Sample: 

I 
J Other Well Type: - o Low Concentration 

o QA Sample Type: [] High Concentiatlon 

SAMPLING DATA: -
Date: Gl ~'i9. - Color pH S.C. Temp. Turbidity DO Salinity Other 

- '" 
Time: 60 l43° Visual Standard mS/em Degrees C 1'.'111 mgll 'iO NA 

Method: QHHW-\\-{'t. ,\~UV ~.52 '.).'1 "»). q t(f 0\ 7"? --- --
PURGE DATA: 

Date: ql51q9 Volume pH S.C. I Temp. (C) Turbidity DO Salinity Other 

Method: ~"iS~n-fL Initial ~,50 1.45 ~?,U I t0 I.ZtO - -
Monitor Reading (ppm): fJ 1 ItD.see I.tlY 1.Q3,3 () '.5':5 - , :'-r1 00.\ 

Well Casing Diameter & Material 2 iCo.St1 I, ?JL. 1"?3.o C) J '-z, I - 2.,.'i «1~( II 

Type: 2 \l ?\It 3 ilD.54 1/,~1 ~~.O () I, 1'-1 - L.j,'{IQ:l\ 

Total Well Depth (TO): 14. '3'=> 4 (.,,~ t.2L4 r~;;. .CJ 0 I,D9~ - l5~~~\ 

Static Water Level (WL): f:i.'~ C; ~SZ 
~ ~.t , . .,.c, ~~C; () ()·77, - 'T,,~'5~- I \ i 

One Casing Volume(Oa),rL): ',14' 

v 

Start Purge (hrs): D'\3' I 
End Purge (hrs): '~bV 
Total Purge Time (min): 15 
Total Vol. Purged (gaUL): ,."3 S I 
SAMPLE COLLECTION INFORMATION: 

Analysis Preservative Container Requirements Collected 

10 'r. '\ 'uv-.. ( - ~ci>\Ml Illtl~ ~ '-J C} 

(J,A-\1 - I l f'Iw.\,b{ 'flf!:f 

~1"~~ ff)/l, ,.,.1'1% 11;)\1).' ~. fuL lI~VJ\l Cf\u.( ( ~1 

O\L Me~.t.. Y'\L.~ tJ.>\rI\\... 'q(~< ,,~~ 

OBSERVATIONS I NOTES: 

Vo\uWle. Ti "",e. DlW .. :;...;.--

OiSC\ S.'5~ 
\ Oc{3'O S,l\q 'I 

c) oQIiS 5,';Z. loOlJ ~.?~ 5 

3 O'1?d.. 5.5J. 

Circle if Applicable: Signaturels): .r---. 

MS/MSD I Duplicate 10 No.: ~ I 
I 



BORING NO.: CAiC/l{-I1/IVO/ 

OVERBURDEN MONITORING WELL SHEET 
•. ! 

PROJECT C.# LOCATIO .;.;....-.--.,;~:--~+--IDRILLER _~';";:" ___ ......j 

PROJECT~N~O-. --laI:-::....-C-Al~C:-/~'/~--BORING METHOD: eFT 

ELEVATION DATE DRILLING _tl.;.,.;......~_J4 ___ ~ 

FIELD GEOLOGIST DEVELOP .-.:.;..:..:....:.;;.;,..------J 

ELEVATION OF TOP OF SURFACE CASING: 

"'---i~--ELEVAT10N OF TOP OF RISER PIPE: 

.... 1---+--- S1:ICK ·UP TOP OF SURFACE CASING: 

,...I----+---STICK·UP RISER PiPE: 

"'---+---1.0. OF SURFACE CASING: ~( 
riPE OF SU~FA9E CASING: J te ~Z 

JIJlI(A-ho/'t (.v1'YJ\ t(J(;tr 

ms~II---!--- TYPE OF SURFACE SEAL: (ont r.e. 'Ie 
C). I y: J...' X (p f/ 

:---~~-- RISER PIPE 1.0.: 
(). II 

riPE OF RISER PIPE: 

.... --r---- BOREHOLE DIAMETER: 

riPE OF SEAL: : r (} 

'4---+---- ELEVATION I DEPTH OF SEAL: .J 
~--r---- riPE OS SEAL: 80/ &'J Sq i1u 

• 

~--+---- DEPTH TOP OF SAND PACK: 

~ __ +-__ ELEVATION I DEPTH TOP OF SCREEN: 

---+---riPE OF SCREEN: 

SLOT SIZE X LENGTH: 

1.0. OF SCREEN: 

-------1i----riPE OF SAND PACK: 

.j' c..~ '10 /Jv C. 

10 .$"/(:)1 X /0/ 

CJ 1/ 

._---+---ELEVATION I OEPTHBOTTOM OF SCREEN: 

---+---- ELEVATION I DEPTH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BEL9W OBSERVATION 

WELL: a CJ 13t> 6~;.J. 

I_-L... ___________ ~·:....-_ _:..~-+--- ELEVATION I DEPTH OF HOLE: 

I () (I 

I " 



BORING NO.: M. WD '2--

PR 
PROJECT NO. 

ELEVATION 
FIELD GEOLOGIST 

OVERBURDEN MONITORING WELL SHEET 

r--------;:::::t~iiiiiiiiiiiiiif~====~--ELEVATION OF TOP OF SURFACE CASING: 

.--+---ELEVATION OF TOP OF RISER PIPE: 

..... t--+--- SliCK -UP TOP OF SURFACE CASiNG: 

!""'!!!~---+---STICK-UP RISER PIPE: 

~--+---I.D. OF SURFACE CASING::.... _-=-r(o..:=/~V~~_ 
TYPE OF SURFACE CASING: *lv "'- /vI.¢=.l~ 

~~t::r-- TYPE OF SURFACE SEAL: 

~I----+---RISER PIPE I.D.: 

TYPE OF RISER PIPE: pllC 

.---+---BOREHOLE DIAMETER: 4- it 

~---i---TYPEOFSEA~L:~' ______ ~C~~~~~~~~~~?t=~-

4----i---ELEVATION I DEPTH OF SEAL: 

... --+-=~TYPE OS SEAL: ,(,1 '" E!. ..sOt. ...... 0/ 

.--+---DEPTH TOP OF SAND PACK: 

""----i---ELEVATION I DEPTH TOP OF SCREEN: 

----i---TYPE OF SCREEN: 

SLOT SIZE X LENGTH: 

I.D. OF SCREEN: 

~---i--- TYPE OF SAND PACK: 

'D. t> I (/O.r:+-

0';) ~( 

__ ---+---ELEVATION I DEPTHBOTTOM OF SCREEN: 

-----i---- ELEVATION I DEPTH BOTTOM OF SAND PACK: 

TYPE OF BACKFILL BEL0:4S:;RVATION 

WELL: M 
...... ----+---ELEVATiON; DEPTH OF HOLE; 

t--~---------------~--~ 

,:2 

I 

I 



OVERBURDEN MONITORING WELL SHEET 

CIJLIt/--
80RING NO.: MW0"3 

PROJEC __ ~....A::::.-=~ _____ LOCATI 
PROJECT NO. BORING 
ELEVATION DATE _;;,..L,-=::'''''::''f.-...L--'-_-l DRILLING 
FIELD GEOLOGIST ~~~~~~~ ______________________ ~DEVELO 

I-------------:~,..iiiiiiiiiiiiiil~f===~--- ELEVATION OF TOP OF SURfACE CASING: 

~----..!.----- ELEVATION OF TOP OF RISER PIPE: 

... 1----;--- S1:ICK -UP TOP OF SURFACE CASING: 

f4J------!---_ STICK-UP RISER PIPE: 

~-~'-----I.D. OF SURFACE CASING::... __ ...,...:U~-Y--:,---- L 
TYPE OF SURFACE CASING: t { c.J s k &M.d'I.I<t \ --. 

U~~l;:t---- TYPE OF Sll.RFACE SEAL: 

r.F----!----RISER PIPE 1.0.: 
~ I( 

TYPE OF RISER PIPE: 

.... ----4---- BOREHOLE DIAMETER: ~ {/ 

------4----TYPE OF SEAL: c.. ~ ~V\. k'-

4-____ -+-___ ELEVATION I DEPTH OF SEAL: 

~----4---- TYPE OS SEAL: ·.ft'v\. €- "5 c:....""oi 

DEPTH TOP OF SAND PACK: 

:4-----+--- ELEVATION I DEPTH TOP OF SCREEN: 

:------+----TYPE OF SCREEN: 

SLOT SIZE X LENGTH: 

1.0. OF SCREEN: 

-------!----TYPE OF SAND PACK: 

PIC 
() ,D{ t (0 f t-­

~.':I 

-------+----- ELEVATION I DEPTHBOnOM OF SCREEN: 

.----+--- ELEVATION I DEPTH 80nOM OF SAND PACK; 

TYPE OF BACKFILL BELOW 03SERVATION 

WELL: All)--
I_--'-________________________ .:...-_-_-_-j"-----ELEVATION I DEPTH OF HOLE: 



-5 
(t 

PROJECT NAME: 
ROJECT NUMBER' 

JRILLING COMPANY: 

DRILLING RIG: 

Smlplo Depth Blows I Sample 

No, (Ft.) 6" or Recoyery 

and or RQO I 
Type 0 Run '''1 Sample 

ROO u_ 
~W. 

I I I 
I ... "th -..... :..-. 

I 
'/ , 
/ "%0 
/ 

BORING LOG Page_'_of L 

jiAt< I '-J BORING NUMB:;...:E;.....R.;.....· -7='c..~A~V;.,.l!.~4;'-'B~O~/ __ _ 
-..,;;=.:.=;...~.....:...------DATE· . rllfl'f}. ,... 

fAII~ GEOLOGIST: 

~L~/-e. DRILLER: 

v MATERIAL DESCRIPTION 
Uthology 
Change 

(OepthlFt. 
) 

or 

! 

Screened! 
Interval 

I , 
, 

Soil 
Densityl 

Ccnslstenc 

-1 

or 
Rock 

Coiol 

! I 
Hartiness I I 

14.-. I~ 
" 

. 
U 
S 
c 

Materia! Classification S 

" " 
_~.v-~.~ 4fv',tfA' '] 

vl/ '_""'_ 1". ~ - , 

~ 'I All. JJ. 
Q" 0 

B-
!18 

PIOIFIO Ruding (ppml 

N : L III 
Remarks • • a. .. "0 III 

1= ~ .r:. ~ 

I I 

~~-' 10) O· , ;J 

14., F'8 0 I O-:L OJ 
.?--1 J.. ·11 / J,[' 
I 

/' 
, 

~ ~,~,AL. 4.2- ~.I 
r 

I ~..M-'" 0/ 

/ "J(p ~.I 
r~ kit ca .f., JJ,,) ~ Jlwt~ 

I". i Woo lAo?' r~ ~ fJ 
/l 1/ IV rf"O ri~~) 

u 

1~1 12 1;:1 
~~LMM 

! 
'[I'" rr . 

I~' ~ ~'AA ~/t{T~ 0 
/' 

., (J 

1/ I'ID tg I 
.. 

/' 
1/ 
/' 
/ 
/ 
/ 

,/ -

I I I I I I I I 1 -I I /" 

/ 
/ 
/ 
/ 
/ 
/ 

. v'hen rock conng, enter rock brokeness. 

- Include monitor reading in 6 loot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
Drilling Area ..------, 

Background (ppm):1 L-_....J 

Converted to Well: Yes No WeIlI.D. #: __________ _ 



BORING LOG Page_I_of L 

PROJECT NAME: 
PROJECT NUMBER 

~~~"'=-.........;.,.1_'1 _____ BORINGNUMBER: /#c,Nlo:J-
DATE' t h-"fJ//7[ 

A 

DRILLING COMPANY: ~ GEOLOGIST: UP)I 
DRILLING RIG: ~AoA~ DRILLER: R8. ; 

'MATERIAL DESCRIPTION PIOIRD Reading (ppm) 

Sampl. Depth Blows I Sample Lithology U 

No. (Ft) So af Rac:avery Change Sail 5 
and af ROD I (OepthlFL Densityl 

N · . C al · ;.., 
Type a Run (%) Sample ) Conslstene Remarks • • -a .. "0 al I ROO I No. I ,~~ 1"":"'1 :, (""I 5 • 

Material Classification E -a = .. • 
* I 1=1!lil§1 

I I 
Interval Rack 

I Hardness 

'/ I d~ ~ ~y~,.; d·~ :"f iOt; () 

'/ ')-~I 
I -v , .... 

.d-;Q (j 6 :' 1 /. '8. }1l~FBDl-OJ..rJl 

~~ L ~, fJ ()L 
-

~ ~-A..-~ " I In'n 

l~ 
4 '/ 

(/ {j (!2... , /. ~~ 
~/\o rl 1 ...... r'" 

--3.LJ,~ . Int " Hi':. 

'/ ~ r--~. ""- JA .£ 
. #J2rdit 

JV 

I ~ • .1-

'/ l.I Y4· I" i<' (J v' V 

<'),- '/ " I! J I-rrA ~mr?! L LM ,AJ. A1L~ A /hJ. atkit , ~ ql) 

~?' 11 1:51 
""115' -U· j,I 0 v ~~ 

J 

I 
." .A ... ~A-AJ,V. ~ ~o 

..... uu- .... , 
d ' ~.Ji?t"" 

''/ 
'/ 
'/ 
'/ 
'/ 
''/ 
'/ 
'/ 
'/ -

'/ 
'/ 
i,/ 
'/ 
'/ 
'/ 
'/ . 

When rock eonng, enter rock broke ness. 

.. Include monitor reading in 6 foot intervals @ borehole. Increase reading frequenc:y if elevated reponse read. 

Remarks: 

Drilling Area 
Background (ppm): .... , -....., 

-------------------------------------------
Converted to Well: Yes No Well 1.0. #: ---- ----------------------



E. 

~ 

~ 
I qi. 

BORING LOG PageLofL 

DROJECT NAME: 
ROJECT NUMBER: 

~ ]lj BORING NUMBER: C}lC,,)Jj 8b3 
---"~"----'-------DATE: r/J.-t;" /99 

DRILLING COMPANY: fA VI u .. ~ GEOLOGIST: R~l?fI DRILLING RIG: tdA~. DRILLER: 

"MATERIAL DESCRIPTION PIO/FlO Reading (ppm) 

'~+.'. Blows I Sample Lithology U 
No. (Ft) 6" or Recovery Change Soil 5 
and or RCO I (OepthlFL Oensityl N : . 

C • III • N Type o. Run (%o! Sample I 

I Lenglh I or I 
Screened 
I I 

I I I 
.~!!!rv~ 

Consistenc 
y 
or 

Rock 

Material Classification 
-

I ~ I 
Remarks a. .. 0 III • 

!II III C 

Han:lnns I I I ·1 I 
L 1. if 

~ ~ t)A, j, A, £, tIJ4 t' d.~ 0 

/ JJM ~).Mf~ IIi /~ , -
/ (L~ ~ ~~.M~ .~-~~ /) 

.., 
4- ./ u la~UI V () 

JIl5FBDJOJOL/ 

/ ~ ~ ~)~ 
, 

'flAI'lA, ~ rJJ 
/ g Q ... 

17. 

/ /.% " -J;J.,.. tI)J~ ~~~ () 

0 
4. / "'1£... ~ Ai ,Y.~ ~,~ 10 

- /' ' '0 

/ _Lll ~J 

/' 
/ 
/ 
/ 
/ 
/ 
/' 
/' I I I I I 1 1 I .1 I /' 
/' 
/' 
/' 
/' 

. I /' 
/' 

v'Vhen rcc;lt conng. enter J'OCl( brokeness. 

- Include moMor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 
R""..,.,,,,rv,,· 
• "_'IIYII",,,",,. 

Drilling Area 
8ackaround (oom): 1'-----' 

oJ ........ ' _---' 

Converted to VVell: No We!! LO. #: ---- ------------------



BORING LOG Page LOf_l_ 

PROJECT NAME: 
PROJECT NUMBER: 

BORING NUMBER: 14&1'1 B rJI 
DATE: r. ').~ )ft! 

DRILLING COMPANY: UJlh A .,JJ-r:a, GEOLOGIST: B 
DRILLING RIG: ~ . .fI.a DRILLER: 1?B 

vMATERIAL DESCRIPTION PloIFIo Reildmg (ppm) 

,,,,,,],.,. ,,-, Sample Lithology U 

No. (FL) 6" or Recovery Change Soil S 
and or ROD I (oepthiFL oensityl 

N . 
C III N 

f~~; I ~u:.1 (%) 

Sample ) Consistenc Remarks • Q. ~ CD 

Lengllt I or 
:r IC010l Materiai CiassiilcatiOii I: I 

• 
Screenod I ~ III I! I ,Inlerval Rock 

Hardness 
. I I 

/' ~ ~ ~Li,~,~ d. "" .i'lA'7I- ~ 0 

/' 3'¥/ In' .A.rl .m .... 'f/ ' 1/ 

~ 
, "'''VV- • It -

/' '2-S' ~ i~ ~).Y.~)~ ~,~ 0 
~ 

}5 'v 
4 lL ~ ~ JI.N-it ,.1. tLfjFBO!lf)}OY-

10 

/' ti!A.D. qrT'{ 

U ~ I 
/' l·~A/ 

v v ,Pi 'ilP., 
~~ oN} ~ -

, 
J /' I~ "e~ 

• I' 
I 

L ~~~ .... ? ..... , 
.tm / 

1~7 1/ 

~ trv~ 
() 

~l g ~'t 

/' ~~ 

I 

~Jlt2.~ 

/' u {/ 

/' 
/' 
/' 
/' 
/' 
/ 
/ 

I I~I I . 

/' 
V 
/ 
/ 
/' 
/' . 

When rock conng, enter rock broke ness. 

- In dude monitor reading III 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

R.emarks: --------------------------------==----------

A.JCt 
I 

Drilling Area 
Background (ppm): ~I --, 

Converted to We!!: Yes No 
-~~-

Welll.D. #: __________ _ 



BORING LOG Pageiofi 

PROJECT NAME: 
ROJECT NUMBER: 

~ Il/ BORING NUMB~E:;..;R:.......: ...",;:c..-;::I.·IP~~:::..l~LJ~13~O:;...:r:..--__ 
~~--'-~----DATE: f/!f 7'14 

JRILLING COMPANY: /~l. f).'·;A GEOLOGIST: 

DRILLING RIG: (h '~_ DRILLER: B ~ 

.. mp,] "po 

'IV1ATERIAL DESCRIPTION PIOIFID Reading (ppm) 

Blows I Sample Uthology U 
6" or Recovery Change Soil S TY~:~ o. ~~:.~ RCO I (OepthlFL Densityl N . . 
(%J ~mp!. ! C • III ~ N C,,"sistlnc Remarks 'li ~ III 

y Material Classification I ~ I or 

Hardness 

a 

If" 1 'it 141 
I 

/ ... 

/ 'TV ~' 
/ 
/ 
/ 
/ 
/ 
/ 

I I 
/ 
I~I I 

/ 
/ 
/ 
/ 
/ 
/ I 

w'IIhen rock conng, enter rock brokeness . 

•• Include monitor reading in 6 root intervals @ borehole. Increase reading frequency if elevated reponse read, 

Remaiks: 

Converted to 'Weii: Yes No We!! I.D.#: 

Drilling Area 
Background (ppm): Ir----, 

------ --------------------



BORING LOG Page i of_l 

PROJECT NAME: I~ l'i BORING NUMBER: C~c,.LLJ '806 
PROJECT NUMBER: _'"""'2'"" __ --w.,....------DATE: .r/", }117I 
DRILLING COMPANY: I.. hu- ~'.. GEOLOGIST: -~~.rPuft-!--------

DRILLING RIG: ~U;-.1Mb DRILLER: ~ v 

Qti1ATERIAL DESCRIPTION 

Sample Oepth Blows I Sample Uthology 

No, IFL) i' or Recoyery Change Soil 

and DI' RQO I lOepthlFL Densityl 

Type 0 Run 1%) Sample ) Consistane 

I RQD I N°'1 I Len;~ ~~7.::ldl .. _4~~ __ (010 I 
"tI,UII._ 

1/ 

v 
/: 

v 

• Vllhen rock c:onng. enter rock brckeness. 

Material Classification 

, (j 

u 
s 
c 
s 

I * I 

~ Indude monitor reading in 6 loot intervals ~ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 
----~---------------------------------

--

Converted to Well: Yes No WeIlI.D. #: 

PIOIFlD Reading (ppml 

Remarks 

o 

o o 

~ 0 

Drilling Area 
Background (ppm): r-I --, 

----- ---------------------



BORING LOG PageLofL 

PROJECT NAME: 
'ROJECT NUMBER: 

&¢g, J 'I BORI NG NUMBER: eN (/ 11/ {} I)"'r 
--~---'''''':------DATE: . 'f'79Q 

DRILLING COMPANY: /~ GEOLOGIST: 

DRILLING RIG: "-L -'·-;"Mit DRILLER: /./ 

v MATERIAL DESCRIPTION 
Sample Depth Blows I Sampl. Utholagy U 

No. (FL) Ii" or Recovery Chang. Sail S 
and or RCD I (DepthlFl DlH1sityl 

iType a Run (%) $a."Tipl= I 

I Length I or I 
Screened 

I I 
interval 

Consistcnc 
y 
or 

Rock 

C 

Material Classification 

Hardness 

-

/ I ~' ~ ~. AA J~ .. /I.J. . /hu. I,'J.. 
V J.11L. 

I d I °10 _ 
-, / ~ ~,A.A.. .JLI 
04 Y / -MlJ,A~~ ., "7/'" 

/ J 

/ (,' 
~ 6?V01Y11 ~O7 

5 
~, 111 I~I 

-J-

/' '-IVy It!: ~ J~ d4.,,~y .; 

~ ~ UI/ 

1 I 
v 

I I I / 
/ I,D 11' 
1/ 
/ 
/ 
/ 
/ 
/ 

I I 
/ 

I~ I 
/ 
/ 
/ 
/ 
V 
/ 

VVhen rock conns. enter rock brokeness. 
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PROJECT NAME: _~&ttf--.~ __ J,--J1:,,--____ BORING NUMBER: eN C- J L/ 8 o~ 
DATE: ~/i1~4 PROJECT NUMBER: 

DRILLING COMPANY: Ip~, .fJ-WJ GEOLOGIST: 

DRILLING RIG: 4 I.l.-A DRILLER: 
/ 

"."1 ,-,-
" MATERIAL DESCRIPTION 

Blowsl ~mpl. Ulhology 

No. (Ft) 6" or Recovery Change Soil 

and or RQO I (OepthIFt Oensityl 

Type 0 Run (%) ~ple ) Conslstenc 

ROD No. I I I 
I 

Len Ih or 

g I Screened I :r ICOIO] 
Interval Rock 

Hardness 

J 

, U 

~o/ 

/J 

• \-\'hen reck conng, enter roc:k brokeness. 

U 
S 
C 

•• -. __ , __ .o..! __ 

Matenal I..laS:ilfh;;auo" c:: 

(J 

•• Indude monitor reading in 6 foot intervals <m borehole. Increase reading frequency if elevated reponse read. 

Remarks: 

8P.# 
~f1 

PIO/FlO Reading (ppm) 

N · : 
III · Remarks • • .... 

Q. ... '0 III 
~ ... 

" -

Drilling Area 
Background (ppm): ~I --, 

Converted to WeI!: Yes No 
-=-= 

Well 1.0. #: __________ _ 

.. 
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PROJECT NAME: 
"'ROJECT NUMBER 

~ J l/ BORING NUMBER: c.)/ G J 4 'B () 3 
-........,c~-~----DATE: r;/'J-~ /rlt/ 

DRILLING COMPANY: LJ'JL,~ GEOLOGIST: 

DRILLING RIG: /L I ~ 
.7Y~.AJ.. DRILLER: 

VMATERIAL DESCRIPTION 
Sampl. Depth Blows I Sample LtthDIDgy 

No. IFL) 6"or Recovery Change 

and Dr RCO I (OepthlFl 

TypeD Run 1%) Sample ) 
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When rock conng, enter rock brokeness. 
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- Indude monitor reading in 6 foot Intervals @ borehole. Increase reading frequency If elevated reponse read. 
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PROJECT NAME: _....;t~JI/_c... _______ BORING NUMBER: 1'-1 B di <1 
PROJECT NUMBER: DATE: ~ ( ~Z'17? 
DRILLING COMPANY' c.;;2~ ~,' '- GEOLOGIST' i 

DRILLING RIG: <;fvt;. f.,,,,,o c.... DRILLER: E.15 ....... ): 
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514 Leachablilty.xls Naphth. 5umm. 10115/99 333 PM 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 
Department of Health and Environmental Control (DHEC) 

Site Data 

SITE 10 # 01D8'1 Charieston 
, \.....,I~. I .~, •••• _ '- - -- , I=AI""'11 ITY NAMF= Site 14 Quarters S 

Instructions 
Provide results, separately, for each constituent in the worst case soil analysis. 

Data 
List Constituent: NAPHTHALENE 

(BTEX, Napth.) Table 

Bioremediation "half-life" 48 days t 1/2 1 
Soil/water partitioning coefficient 1543 ml/g Koc 1 

Results 

Equation Step 
Set 

Total Organic Carbon Content 0.0122 decimal % f cs I 1 
Leachate Concentration 0.003 mg/l Cw 2 
Air Filled Porosity 0.40 decimal % f II 1 
Infiltration Rate Time 3,298 seconds t II 2 
Velocity of Water 28,519 ft/year Vw II 3 
SoillWater Distribution Coefficient 18.36 ml/g Kd III 1 
Contaminant Percolation Rate 422 ft/year Vc III 2 
Time to Reach Groundwater 2.584 days Tc IV 1 
Concentration reaching GroUnd\Nater 1.692 mgt! Cp IV 2 
Site Specific Target Level 250.6927 mg/kg C sstl V 

Conclusions 

Does concentration of chemical of concern in soil exceed SSTL? NO 

Risk of Human Exposure due to contaminated soil. 

YES x NO 

Page 6 of 6 Pages 
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S14 Leachability.xls Naphth. Calc. 10/15/99 3:33 PM 

CALCULATIONS: 

Equation Set I - Determine soil pore water concentration resulting from physical partioning (Cw). 

Step 1 - Calculate the total organic carbon content (fcs) of the soil. 

fcs = (foe +TPH/1.724)"1E-6 = 0.0122 decimal % 

Step 2 - Calculate the concentration of COC in soil pore water (Cw) directly in 

contact with the contaminate soil. 

Equation Set II - Determine the velocity of the soil pore water (Vw) 

Step 1 - Calculate the air filled porosity (f) in decimal percent. 

-----

0.00 mg/l -----

" - Wr = 0.40 decimal % 

Step 2 - Determine the time for water to percolate through the vadose zone soil 

(from depth of worst case soil sample to the water table at site). 

t = 'f/KW!L-!Hw-Hf))+(InCHw + ((L-Hf)/(Hw-Hfllll 

Step 3 - Determine the velocity of the water (Vw) in feet per year. 

-----

3,298 seconds --.;.....--

Vw = (Ll30.48cm/ft)/(t/31,500,OOOsec/year) = 28519 ft/year -----

Equation Set III - Determine the organic retardation effect (V c) of the contaminant. 

Step 1 - Calculate the soil/water distribution coefficient (Kd) (ml/g) for uncontaminated soil. 

Kd = Koc"foc"1E-6 = 18.3617 ml/g ------
Step 2 - Calculate the retardation effect of natural soil organic matter on COC migration. 

Vc = Vw it' 1 + ((Bd+Kd}/,,}) 422 ft/year -----



S14 Leachability.xls Naphth. Calc. 
10/15/99 3:33 PM 

Equation Set IV - Determine biodegradation rates and provide final COC concentration (Cf) at depth of concern. 

Step 1 - Calculate the time (Tc) in days required for the COC to reach groundwater. 

Tc = 365 day/yr*((Ll30.48cm/ft)Nc) = 2.58 days 

-----

Step 2 - Caicuiate estimated concentration of COC in the soil pore water (Cp) necessary to protect groundwater . 

Cp = 1 DAllog !Crsbl) + HTc/2.3)*(O.693/t1/2lll = ..... ==1=.=6_9 __ m g /l 

CDC concentration in sol7 pore water rCp} is greater than Crsbl, therefore the SSTL must be calculated. 

Equation Set V - Calculate the Site Specific Target Level (SSTL) for the COC in soil. 

Csstl for IAPHTHALENE = Cp*DAF*(((Bd*Koc*fcs) + Wr+ (F*'H"'))IIWr*1g/cc + Bd)) = 250.692729 mg/kg 

in soil 

PREPARED BY:, __________ _ 

Date 

CHECKED By:'-.....:6.J,.'~LL'C-'r::L------



S 14 Leachability .xls DATA ENTRY 10/15199 333 PM 

IN-SITU SOIL RISK EVALUATION 

SOUTH CAROLINA 

Department of Health and Environmental Control (DHEC) 

Site Data 

SITE ID# Olo8.'1 COUNTY Charleston 

I FACiliTy' NAME Slte 14, Quarters S 

STREET .A.DDRESS Charleston Naval Complex, North Charleston, SC 

Soil Risk Evaluation Data 

Figure 
TPH 553 -mg/kg 

Soil % SAND (Estimated) 90 % 
Soil % CLAY (Estimated) 4% 
Worst Case Benzene mg/kg Cs 

Soil Analyses Toluene mg/kg Cs 

Ethylbenzene mg/kg Cs 

Xylenes mg/kg Cs 

Naphthalene 1.8 mg/kg Cs 

mgikg Cs 
Natural Organic Carbon Content 11900 mg/kg foc 

Average Annual Recharge 25 cm Hw 

Distance from highest Soil 
Impact to water table 91 cm L 

Bulk Density of Soil 1.56 g/cc Bd 1 
Wetting Front Suction 10 cm Hf 2 
Soil Hydraulic Conductivity 5.60E-03 em/sec Kf 3 
Porosity 0.43 decimal % <I> 4 
Residual Water Content 0.03 decimal % Wr 5 

List possible human exposure pathways from surface soil. 

Soil leaching to groundwater - off-site ingestion or irrigational use of shallow groundwater. 

Bold indicates site specific input 
Italic indicated estimated value from charts on pages C3 through C5 

of SCDHEC soil leaching model guidance. 

Page 1 of 6 Pages 
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514 Leachability.xls Naphth. Calc. 

SOIL LEACHABILITY MODEL FOR NAPHTHALENE 

RISK-BASED CORRECTIVE ACTION FOR PETROLEUM RELEASES 

SITE INFORMATION: r---...,........,.....=~~'"7.""~=::-::-:-:::::-:::::-=~~ _________ --, 

Site: Site 14, auarters· s .:::.::. \.:::: :::;::-::·1.::·":::::·::.:":":::·:: .:::::.::}{:.:':':::::: .. ::.::::)::::):.::}::::::.:.::: .. ::::::::::::.).::: 

Location: cilliiteswifnalfar" COmpIe)t;:. Nortb ·CharlestOn;·: sc..::)::::.:::.::.::=:::::).:.:.:.::.:;::,:.: 

Charleston 

REFERENCES: 

INPUT: 

(1) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 1. 

(2) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 2. 

(3) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Input Parameters. 

(4) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Table 1. 

(5) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 2. 

(6) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 3. 

(7) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 4. 

(8) SCDHEC. RBCA For Petroleum Releases. June 1995. Appendix B. Figure 5. 

COC Chemical of Concem 

Bd Soil Bulk Density (1) 

Crsbi Risk Based Screening Level 

Cs Concentration of COC in soil 

DAF Dilution/Attenuation Factor (2) 

foc Organic Carbon Content in Soil (3) 

H' Henry's Law Constant (4) 

Hf Wetting front suction head (always negative) (5) 

Hw Average Annual Recharge (3) 

Kf Soil Hydraulic Conductivity (6) 

Koc SoilIWater Partioning Coefficient (2) 

L Depth between soil sample with 

greatest COC concentration to groundwater. 

" Porosity (7) 

t1/2 Biodegradation "half life" (2) 

g/cm3 

mg/LI 

mg/kg 

unit!essl 

mg/kg 

unitlessl 

cm 

cm 

cm/s 

ml/gl 

cm 

unitless 

daysl 

mg/kg 
TPH Total Petroleum Hydrocarbons. EPA Method 3550 

Wr Residuai Water Content (81 volume fraction 

10/15/99 3:33 PM 

NAPHTHALENE 

1.56 

1.63 

1.8 

8 

11900 

0.002 

-10 

25 

0.0056 

1543 

91 

0.43 

48 

553 

0.03 
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MONITORING WELL AND GROUNDWATER DATA 

Screened 
MWNo. Date TOC Interval (feet Depth to Water Table 

Measured Elevation BTOC) Water Elevation 
l\fW-Ol 7-13-99 7.79 4-14 4.67 3.12 

MW-Ol 9-8-99 7.79 4-14 4.71 3.08 
MW-02 9-8-99 I 8.20 3-13 5.15 3.05 

I MW-03 9-8-99 7.24 4-14 4.20 3.04 

CoC RBSL MW-Ol MW-Ol MW-02 MW-03 
Date Sampled July 13,1999 Sept. 8, 1999 Sept. 8. 1999 Sept. 8. 1999 
Free Product none 0.00 0.00 0.00 0.00 

Benzene 5 <5 <5 <5 <5 
Toluene 1.000 <5 <5 I <5 <5 

Ethvlbenzene 700 <5 <5 <5 <5 
Xylenes 10,000 <5 <5 <5 <5 

Total BTEX na - - - -
EDB 5 <5 <5 <5 <5 

MTBE 40 <5 <5 <5 <5 
N aphtbalene 25 <5 <5 <5 <5 

Benzo(a)anthracene 10 <10 <10 <10 <10 
10 <10 <10 <10 <10 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 10 <10 <10 <10 <10 

Chrvsene 10 <10 <10 <10 <10 
10 <10 <10 <10 <10 

Dibenzo( a,b)anthracene 
Ferrous Iron na na 3.04 mgIL 3.30 mgIL 3.30 mgIL 

Lead Site specific na na na na 
Nirates (mWL) na na <0.050 <0.050 0.072 
Sulfates (mWL) na na 2.0 2.7 560 

• All units in ppb except as noted. 
• NA= Not Analyzed. 



coc RBSL SB-2 SB-2D SB-4 SB-5 SB-6 

..,"' ............ "" ~ -. -~ -~ -~ -~ 

Toluene 1622 <7 <6 <6 <6 <6 

Ethylbenzene 1260 <7 <6 <6 <6 <6 -
Xylenens 42,471 <7 <6 <6 <6 <6 

Naphthalene 210 <7 1800 <6 <6 <6 
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