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CORE SAMPLING FOR RESIDUAL NAPL SATURATION
Collection, Presentation, and Analysis Procedures

SOP-CORSAMP-1
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PURPOSE:  Measure total concentration of organic compounds in core samples. Use data to estimate
residual NAPL saturation, composition, and component phase distribution.

1.0 SAMPLE CONTAINER PREPARATION
1.1 Materials

1.1.1 For samples of sediments without gravel or cobbles:
a. 40 mL amber glass vials with teflon-septa
b. purge and trap grade methanol below 80C
c. 25 mL graduated cylinder
d. balance with at least 0.1 gm accuracy and 100 gm capacity

1.1.2 For samples of sediments containing gravel or cobbles:
a. 4 oz. amber wide mouth jars with teflon-lined caps
b. purge and trap grade methanol below 80C
c. 50 mL graduated cylinder
d. balance with at least 0.1 gm accuracy and 400 gm capacity

1.2 Procedure
1.2.1 For samples of sediments without gravel or cobbles (maybe done in the lab):

a. Add 15.0 mL methanol to each vial. Seal vial with cap.
b. Mark each vial with a unique number. CAUTION: some kinds of ink can be

dissolved by methanol!
c. Weigh each vial and record.
d. Prepare extra vials for QA samples, spillage, and uncertainty of core depths to

sample.
1.2.2 For samples of sediments containing gravel or cobbles (may be done in the lab):

a. Add 50.0 mL methanol to each jar. Seal jar with cap.
b. Mark each jar with a unique number. CAUTION: some kinds of ink can be

dissolved by methanol!
c. Weigh each jar and record.
d. Prepare extra jars for QA samples, spillage, and uncertainty of core depths to

sample.

2.0 SAMPLE COLLECTION
2.1 Materials

2.1.1 For all samples
a. soap (e.g., Alconox)
b. wipes (e.g., Kimwipes)
c. vial or jar labels
d. field book
e. ball-point pens
f. chain-of-custody forms
g. transparent packing tape (to cover vial labels and wrap packages)
h. lab address, phone number, and contact person
I. cooler and packing material
j. plastic bags for samples and COCs
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k. FedEx package forms and sleeves
1. custody seals
m. box of protective gloves
n. vials or jars prepared in step l
o. balance listed in step I

2.1.2 For samples of sediments without gravel or cobbles:
a. modified 10 cc plastic syringes (VWR Cat No. BD305462) for use as subcorers

(tips cut off at 0 cc mark (by knife) and rubber tip removed from plungers)
b. bottle brush for pro-cleaning subcorers

2.1.3 For samples of sediments containing gravel or cobbles:
a. stainless steel scoops or spoons

2.2 Procedure
2.2.1 For all samples:

a. Clean subcorers, scoops, or spoons with soap and water and dry.
b. Immediately after the split spoon core sampler or sample core liner is opened,

use a subcorer, scoop, or spoon to collect about 8 mL (for 40 mL vials) or 25 mL
(for 4 oz. jars) of undisturbed core and deliver it to the vial or jar. Do not add
sample at a methanol: soil sample volume ratio greater than 1 to ensure that all
DNAPL will be extracted into the methanol. Take care not to remove any of the
methanol in the vial or jar by splashing or contacting the methanol with the
subcorer, scoop, or spoon. Wipe cap threads with Kimwipe to remove grit. Cap.

c. Wipe dry the outside of the vials.
d. Weigh vials to determine sample masses delivered.
e. Complete labels or add labels to vials or jars. Cover with transparent tape to

protect labels from methanol.
f. Reweigh and record. The lab will be asked to reweigh to check for sample loss.
g. Seal each sample container in a separate Zip-lock bag and store cold (below

80C).

3.0 EXTRACTION ANALYSIS
3.1 Analyze contaminant concentrations in methanol extract by GC.

a. For volatile chlorinated hydrocarbons use SW-846 GC-PID/ELCD Method
802lB (formerly 8010B) or GC-MS Method 8260B (Star Analytical, 1-800-
8874179, will do the GO-MS method for $78/sample). Request analysis for the
target analytes only, or if necessary, request all halogenated compounds listed in
EPA 8010B. Request reporting limits of no lower than 1.0 mg/L.

b. For volatile components of coal tar or petroleum products use SW-846 GC-
PID/ELCD Method 8021B or GC-MS Method 8260B.

c. For semi-volatile components of coal tar or petroleum products use SW-846 GC-
MS Method 8270C.

d. For PCBs use SW-846 GC Method 8082 or, with PAHs, GC-MS Method 8275A.
3.2 Request that the lab weigh the sample jar and contents to check for sample loss.
3.3 Request that clods be broken up and samples agitated 24 hours before analysis.
3.4 Ask the lab to report the concentrations as concentrations in methanol (mg/L).
3.5 Request that field-collected QC blanks be analyzed at the beginning of a batch.
3.6 For water content analysis, the Karl-Fisher titration method (approx. $30/sample) is best.

A cheaper method is to measure the density of the extract, but this has not worked in the
past, likely because methanol vaporizes so quickly. Densities could probably be
measured more precisely by taring a syringe or pycnometer and working in a cold room.
This method could provide a cheap way to determine sample water content, which is
valuable information for NAPLANAL calculations.
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4.0 CALCULATIONS
4.1 Use the measurements and Mathcad file CORWATO.MCD to estimate the total mass of

contaminants and water in the sample.
4.2 Enter the results into NAPLANAL to calculate NAFL residual saturation, composition,

and component phase distribution.

Calculating Sample Concentrations from Methanol Extract Concentrations
Core Samples from the Saturated Zone

Measurements: Constants:

Wet mass of sample: Msamp := 226.5·gm Rock density: ps := 2.6·kg
liter

Volume methanol added: Vmeth := 96.2·mL Water density
(at 22-23’C):pwat 0.998·kg

liter
Number of contaminants: N := 2

Estimated water content fwat := 0.25
(vol. water/vol. sample):

TCE Conc in extract: Cecont1 := 1100·mg
liter

PCE Conc in extract Cecont2 := 200·mg
liter

Calculations:

Estimated sample Vw :=           fwat·Msamp Vw = 25.744 ·mL
water volume:  (fwat-pwat +(I - fwat) ·ρs)

Total masses of contaminants in sample:

TCE: Mcont1 := Cecont1· (Vw + Vmeth) Mcont1 := 134.139·mg
PCE: Mcont2 := Cecont2· (Vw + Vineth) Mcont2 := 24.389 ·mg

Total sample concentrations:

TCE: Ccont := Mcont1 Ccont1 = 592.225·mg
Msamp kg

PCE: Ccont2 := Mcont2 Ccont2 =107.677·mg
Msamp kg



APPENDIX B
Geologic Logs and

Well Construction Details

























































































































APPENDIX C
Aquifer Test Data, Drawdown and

Curve Match Plots











APPENDIX D
CPT Logs

































APPENDIX E
Non-VOC Analyses (Soil

Moisture, foc, XRD)

Major Ion Analyses (Ground Water
And Source Water)

Ground-Water VOC Analyses















































APPENDIX F

Soil Concentration
Correction Calculations:

Extract Volume Calculation and
Soil Concentration Conversion
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Appendix F
Extract Volume Calculation and
Soil Concentration Conversion

Extract Volume Correction Calculation (VE)

VE = Vmeoh + Vsw

Where:
VE = Extract Volume (mL)
Vmeoh = Volume of methanol (mL)
Vsw =Volume of soil water (mL)

Vmeoh = Mmeoh ρmeoh

Where:
Mmeoh = mass Methanol (gms)
ρmeoh = density of methanol (0.79 gms/mL)

Mw = % soil moisture (Ms)

Where:
Mw = Mass soil water (gms)
Ms = Mass soil (gms)

Since density of water = I gm/ml then mass in grams is equal to volume in ml.

Sample calculation for sample IS07-02

Volume of methanol (57.0gms -126.9gms)/ 0.79gm/ml = 38.1ml

Mass of Soil 303.0 gms- 157.0 gms = 146 gms

Mass of Water 146gms (0.2) = 29.2 gms percent soil moisture = 20%

Volume of water 29.2 ml assuming density of water = I gm/ml

Extract Volume 38.ml + 29.2 ml = 67.3 ml
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Extract Concentration from Reported Soil Concentration

RO OCC (df) (Vmeoh)/[1,000(Ms]
Where:

RC = Reported soil concentration (µg/kg)
OCC = On column concentration (µg/L)
df = sample dilution factor
Ms = Mass of soil (gms)
1,000 = unit conversion factor

EC = OCC(df)

Where:
EC = extract concentration (µg/L)

Then:
EC RC(Ms)(1000)Nmeoh

Sample calculation for sample IS07-02

Extract concentration (µg/L)
110,830µg/kg(146gms)(1,000)/38, I00µl = 424,703 (µg/L)

Soil Concentration Conversion

Mpce= EC(VE)(I,000)

Where:
Mpce = mass of POE (mg)

SC = Mpce(1000)/Ms
Where:

SC = concentration of PCE in soil (µg/kg)

Sample calculation for sample IS07-02

Mass of PCE (µg)
424,703 (µg/L) (67.3 ml)/(1,000 ml/L) 28582.5 µg

Concentration in soil (µg/kg)
28582.5 µg (1,000 gms/kg)/146 gms = 195,771µg/kg
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Soil VOC Concentration Correction Calculations

The reason for the correction to the lab-reported soil VOC concentrations is explained
as follows. As discussed in Section 3.1.1, the soil samples collected for VOC analysis
were preserved in the field with methanol to minimize volatile losses of VOCs from the
samples during sample collection, shipment, and analysis. In addition to acting as a
VOC preservative for the samples, the methanol also functions as a solvent to extract
VOCs from the soil samples. The liquid extract m each soil sample jar, “as received” by
the lab, was then analyzed for VOCs by the lab. The soil concentration results reported
by the laboratory were incorrect because the calculations to determine soil VOC
concentrations were based on the assumption that the total volume of liquid extract in
each sample jar was composed only of methanol and VOCs. However, since water is
also miscible with methanol, along with the VOCs, the total liquid volume in the soil
samples received by the lab consisted of methanol, soil water, and VOCs. Soil water
can account for as much as 45% of the total liquid volume in a methanol-preserved soil
sample, and therefore, must be accounted for in the analysis in order to accurately
convert to soil VOC concentrations. The volume of water in the soil samples can be
calculated if the percent soil moisture (by weight) is known. The soil moisture values in
Table 3.3 indicates that 20% is generally representative of the moisture content of the
soil samples collected at Site 88. The laboratory-reported analytical values were
corrected for the sample volume error by assuming 20% moisture content for all
samples. The corrected raw analytical results were then converted from a concentration
of VOC in µg/L of extract solution to µg/Kg of wet soil.

The correction calculations are a 3-part calculation process:

1) Extract volume correction;

2) Extract concentration from misreported soil concentration;

3) Soil concentration conversion

The process is shown below and includes a sample calculation.
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1) Extract Volume Correction (VE)

VE Vmeoh + Vsw

Where:
VE = Extract Volume (mL)
Vmeoh = Volume of methanol (mL)
Vsw = Volume of soil water (mL)

Vmeoh = Mmeoh ρmeoh

Where:
Mmeoh = mass Methanol (gms)
Pmeoh = density of methanol (0.79 gms/mL)

Mw = % soil moisture (Ms)

Where:
Mw = Mass soil water (gms)
Ms = Mass soil (gms)

Since density of water = I gm/mI then mass in grams is equal to volume in ml.

Sample calculation for sample IS07-02

Volume of methanol (157.Ogms -I 26.9gms)/ 0.79gm/ml 38.1ml

Mass of Soil 303.0 gms- 157.0 gms = 146 gms

Mass of Water 146gms (0.2) = 29.2 gms percent soil moisture = 20%

Volume of water 29.2 ml assuming density of water = I gm/mI

Extract Volume 38.1ml + 29.2 ml 67.3 ml

2) Extract Concentration from Misreported Soil Concentration

RC OCC (df) (Vmeoh)/[1,000(Ms)]
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Where:
RC = Reported soil concentration (µg/kg)
0CC = On column concentration (µg/L)
df = sample dilution factor
Ms = Mass of soil (gms)
1,000 = unit conversion factor

EC = OCC(df)

Where:
EC = extract concentration (µg/L)

Then:
EC RC(Ms)(1000)/Vmeoh

Sample calculation for sample IS07-02

Extract concentration (µg/L)
110,830µg/kg( 146gms)( I,000)/38,I00µl 424,703 (µg/L)

3) Soil concentration Conversion

Mpce = EC(VE)(1,000)

Where:

Mpce= mass of PCE (mg)

SC Mpce(1000)/Ms
Where:

SC = concentration of PCE in soil (µg/kg)

Sample calculation for sample IS07-02

Mass of PCE (p.g)
424,703 (µg/L) (67.3 ml)/(I,000 ml/L) 28582.5 µg

Concentration in soil (µg/kg)
28582.5 µg (1,000 gms/kg)/146 gms = 195,771µg/kg













APPENDIX G

Porosity Calculation and
NAPLANAL paper

(Mariner et al, 1997)
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