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P. 0 . Box 5447 
Spartanburg, S .C. 29304 

Phone: (864) 599-1070 
FAX: (864) 599-1087 

Southern Wood Piedmont Company 

May 23,2000 

Mr. Stuart F. Parker, Jr., Hydrogeologist 
North Carolina Superfund Section 
401 Oberlin Road, Suite 150 
Raleigh, NC 2705-1350 

Re: Draft Supplemental RI Workplan- revision 
SWP Wilmington (NCD 058517467) 
Your letter of April 20, 2000 

Dear Mr. Parker: 

D 
RECEIVED 

MAY 24 2000 

SUPERFUND SECTION 

'A draft Supplemental Remedial Investigation (RI) Workplan is enclosed for your review. This 
plan ,addresses NCDENR comments raised in your February 4, 2000 letter to my attention, reply 
comments in my March 6, 2000 letter to your attention, and, finally the directives offered in your 
April 20, 2000 letter to my attention. The April 20, 2000 faxed letter was received upon our 
·return to the office on April 24, 2000. 

This draft Supplemental Rl Workplan for the site supersedes the October 7, 1999 draft workplan. 

Please contact me at 864-599-1070, extension 103 if you have any questions or comments. 

Sincerely, 

W. P . Arrants 
Manager ofEnvironmental Affairs/ 

Regulatory Compliance 

CC: Greg Kuntz- Schnabel Engineering 
L. Bedsole - NC Ports Authority 
M . Maritato - Ogden Environmental & Energy Services 

4417bw 
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• DRAFT2.0 
SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 

SOUTHERN WOOD PIEDMONT AND 
NORTH CAROLINA STATE PORTS AUTHORITY SITE 

WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 
NCD 058 517 467 

May23, 2000 

1.0 INTRODUCTION 

Schnabel Engineering Associates, Inc. submitted a Draft Remedial Investigation Report (RI) on 
June 24, 1999 for the Southern Wood Piedmont (SWP) and North Carolina State Ports Authority 
(NCSPA) site to the North Carolina Department and Environment and Natural Resources 
(NCDENR). Stuart Parker ofNCDENR reviewed the Draft RI report and provided comments in 
his letter dated September 3, 1999 (Attachment A). Southern Wood Piedmont was directed to 
submit a Supplemental RI (SRI) workplan to address additional sampling requirements to 
complete the remedial investigation. A Draft SRI workplan was submitted to NCDENR on 
October 8, 1999. This workplan was reviewed by NCDENR Superfund Section, NCDENR 
Division of Water Quality and the US EPARegion IV. Comments on the DRAFT SRI workplan 
were prepared by Stuart Parker on February 4, 2000 (Attachment B). Schnabel Engineering and 
SWP responded to the Draft SRI comments on March 6, 2000. (Attachment C). NCDENR 

• commented on the SWP response letter on April 20, 2000 (Attachment D). 

• 

The February 4, 2000 and April 20, 2000 comments from NCDENR have been incorporated into 
Revision 2.0 of the DRAFT SRI workplan (this document). The requirements and presentation 
order for the SRI Workplan are listed in the May 24, 1999 Administrative Order on Consent 
(AOC). Presented below is the proposed SRI workplan. 

2.0 SCOPE OF WORK 

The scope of this investigation includes the following activities: 

• DNAPL quantity, extent and pumpability evaluation in the upper and lower sand aquifers. 
• Groundwater sampling and tidal groundwater flow evaluation. 
• Adjacent property owner's interview and data request concerning groundwater flow and 

quality to further characterize groundwater conditions at the site. 
• Dibenzodioxins/dibenzofurans subsurface soil, groundwater and sediment sampling. 
• High-resolution (closer spacing) sediment sampling for detected constituents in wetland area 

south of the covered ditch and along the drainage ditch and Greenfield Creek. 
• Fish tissue sampling in the drainage ditch, Greenfield Creek, Greenfield Lake and in a 

tributary creek to the Cape Fear River that has similar characteristics to Greenfield Creek. 
• Update the Human Health Risk Assessment to reflect new sample results and applicable land 

use changes . 
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• • Update the Ecological Risk Assessment to maintain consistency with the 1997 guidance and 

• 

• 

reflect new sample results. 
• Ecotoxicity Testing and Chronic Exposure Assessment of drainage ditch and Greenfield 

Creek. 
• Initial evaluation of technical feasibility of partial DNAPL recovery. 
• Initial efforts in obtaining Perpetual Land Use Restrictions in accordance with 1999 

guidelines. 
• Modifications to the Draft Rl as presented in the Technical Comments section of the 

September 3, 1999 NCDENR review and comment letter. The modifications will be 
presented as an addendum to the Draft Rl included in the Supplemental Remedial 

. Investigation (SRI) report. 
• Verification and reference documentation of the absence of environmentally sensitive areas. 

3.0 SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 

Section VI. C. of the AOC lists the requirements and contents for the Supplemental Remedial 
Investigation workplan. The requirements for the content of the workplan are detailed under 
Sections VI. D., E., F., G. and H. At the Divisions (NCDENR) sole discretion, requirements that 
duplicate previous submittals, may be omitted from future plans and reports. 

3.1 Section VI. D .• 1 - 13 -Previously Submitted Requirements 

Section VI D., 1 

Section VI D., 2 

Section VI D., 3 

Section VL D., 4 

Section VI. D., 5 

Site location information was previously submitted in the Draft RI Section 
1.0. 

A summary of hazardous waste management practices was previously 
submitted in the Draft RI Section 2.0. 

A USGS topography map displaying a one-mile radius of the site was 
previously submitted in the Draft RI Section 3.0. 

A site survey plat was previously submitted in the Draft Rl Section 4.0. 

A description of local geologic and hydrogeologic conditions was 
previously submitted in the Draft Rl Section 5.0. 

The Draft Rl will be updated by an addendum presented in the SRI noting 
that the slug tests were not completed on wells that fully penetrate the 
respective aquifer. A statement will be included that the respective 
hydraulic conductivities are consistent with the composition of the aquifer 
materials. 

An addendum to the Draft Rl will be made stating that the tidal gate will 
not necessarily prevent sediment transport from Greenfield Creek to the 
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Section VL D., 6 

Section VL D., 7 

Section VL D., 8 

Section VL D., 9 

Section VI. D., 10 

Section VI. D., 11 

Section VI. D., 12 

Cape Fear River, especially during high creek discharge events at low 
river tide. Nor would the gate exclude all swimming organisms in the 
Cape Fear River from entering Greenfield Creek. Immature fish 
characteristically use tributaries to avoid predation and food competition 
in larger water bodies. It will also be noted that mature game fish were 
observed in Greenfield Creek, both during the 1997 Expanded Site 
Inspection and during an off-site reconnaissance by NCDENR on April 
20, 1999. 

An inventory of all wells, springs, and surface water intakes was 
previously submitted in the Draft RI Section 6.0. 

An addendum to the Draft RI report will be prepared noting . that the 
emergency surface-water intakes on Smith and Toomers Creeks have been 
unused for several decades due to salt-water encroachment. 

Identification of environmentally sensitive areas on and adjacent to the site 
was previously submitted in the Draft RI Section 7.0. 

The appropriate sensitive environment contacts will be made to provide 
documentation in the SRI of the absence of sensitive environments not 
previously identified on or adjacent to the site . 

A copy of the owner's deed was previously submitted in the Draft RI 
Section 8.0. 

A listing of previous owners and period of ownership was previously 
submitted in the Draft RI Section 9.0. 

An operational history was previously provided in the Draft RI Section 
10.0. 

An addendum to the Draft RI will be prepared noting that Greenfield 
Creek was channelized between 1938 and 1949, suggesting that 
contaminant migration to the ditch and creek occurred subsequent to that 
time. 

A list of hazardous substances used or stored at the site was previously 
submitted in the Draft RI report Section 11.0. 

The environmental permit history for the site was previously submitted in 
the Draft RI Report Section 12.0. · 
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The position of the · new ditch in relation to the covered ditch will be 
described as an addendum to the Draft RI in the SRI. 

Section VI. D. 13 A summary of all environmental investigations, reports and laboratory 
data was previously provided in the Draft RI report Section 13.0. 

3.2 

Table 2-5 will be updated in the SRI to list the State Soil Remediation 
Goals for each dioxin and furan congener. In addition, possible semi
volatile sources > 0.5 miles upstream will be identified and the source 
cited. The source of the statement was from the Site Investigation 
Prioritization. This report will be reviewed and the location of the 
potential sources will be determined. 

The samples used in the Geraghty and Miller, Inc. 1996 report will be 
listed in the SRI that indicate the described degradation in total wood
preserving constituent concentrations in the landfarm. 

Cape Fear River sediment sample SS-14 will not be used as background 
because of potential impact from the fonner Wilmington Coal Gasification 
Plant. The range of values in sediment samples SS-16, SS-20, SS-22, and 
SS-24 will be used to demonstrate background concentrations . 

A statement will be added as an addendum to the Draft RI indicating that 
copper was detected in the surface water, but at concentrations less than 
the Class SC water quality standard. 

Section VI. D .• 14 - Proposed Procedures for Characterizin~ and Delineatin~ 
Contamination Sources 

3.2.1 DNAPL Characterization 

The extent and nature of dense non-aqueous phase liquid {DNAPL) has not been adequately 
investigated in the vicinity of the large storage tank area, the production area and the covered 
ditch. The areas of potential DNAPL accumulation will be evaluated by collecting direct push 
cores to the top of the peat and by installing monitoring wells in both the upper and lower sand 
units at the site. 

Direct push cores (approximately 36) will be completed on 100-foot centers in the vicinity of 
MW-11, MW-12, MW-14, MW-22 and MW-26 (Figure 1). The direct push cores will be 
obtained using a Geoprobe rig north and west ofMW-26. In the wetland area east and south of 
MW-26 the use of a manually operated direct push coring device will be required. The cores. 
will be described for the presence and absence of DNAPL, the pumpability of the DNAPL and 
the depth to the top of the peat. The ground surface elevation and horizontal position of each 
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direct push borehole will be surveyed. The elevation of the top of the peat will be plotted on a 
plan map to evaluate the direction of potential DNAPL migration and pooling in this area. 

An upper sand monitoring well will be installed adjacent to MW-11 that is screened to the top of 
the peat to evaluate accumulation/pumpability of product at this location (Figure 1). An upper 
sand monitoring well will also be installed adjacent to MW-12 that is screened to the top of the 
peat. 

Since DNAPL migration should be vertically downward, a double cased well will be installed in 
the lower sand directly beneath the area of pooled (pumpable) free product adjacent to MW-26 
(Figure 1). The monitoring well will be screened in the lower sand on top of the lower clay. The 
surface casing will be completed into the peat layer below DNAPL infiltration, if possible. If 
DNAPL is present. throughout the peat layer the surface casing will be installed in the lower 
portion of the peat prior to encountering the lower sand. 

Following DNAPL delineation, a product recovery test will be performed in MW-26 and all 
other wells with pumpable DNAPL to determine the physical condition and mobility of the 
product. 

All data collection and analysis and well installation activities completed during the 
implementation of this workplan will be conducted in accordance with the USEP A Region IV 
Environmental Investigations Standard Operating Procedures and Quality Assurance Manual 
(EISOPQAM) dated May 1996 (includes 1997 ·updates). The design and installation of the 
monitoring wells will be in accordance with Section 6.0 ofthe EISOPQAM (Attachment E). 

NCDENR will be contacted and the appropriate permits for monitoring well installation will be 
acquired, if necessary. Arrangements will be made with the local water authority to provide 
potable water to be used during monitoring well installation. Water will be obtained from the 
fire hydrant located on site. The fire hydrant will be adequately flushed prior to being placed in 
servtce. 

At each monitoring well location a soil boring will be completed. The soil boring at each 
proposed upper sand well will be completed to the top of the peat. The soil boring to the lower 
sand will be completed in two stages. The first stage will be the same as the upper sand borings 
except a surface casing will be set into the peat. After the surface casing has been set in grout 
and allowed to cure the soil boring will be continued to the top of the lower clay. The soil 
borings will be completed by the hollow-stem auger method. Split-spoon soil samples will be 
collected on five-foot centers. A core catcher will be required in the split-spoon due to the 
presence of clay-free sands. The soil samples will be described and logged according to the 
Unified Soil Classification Scheme. Soil samples from each split-spoon will be collected and 
screened with an Organic Vapor Analyzer (OVA). Decontamination procedures will be 
completed between each borehole. All soil cuttings will be contained and disposed of properly . 

5 
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The upper sand monitoring wells will be installed using the hollow-stem auger method. Due to 
the potential for caving/flowing sands, mud rotary drilling m~ be required. If mud rotary is 
required, the drilling mud will consist of the polymer Revert or a similar product. Revert™ 
will naturally degrade and breakdown within 48 hours. This will allow the formation to return to 
its natural hydraulic conductivity. The well screen will be positioned to bracket the top of the 
peat. The borehole will be of sufficient diameter to allow a minimum 2-inch annular space 
between the well casing and the borehole wall. A filter pack will be placed using the tremie 
method from 6-inches below the bottom of the screen to a minimum of 2 feet above the top of 
the screen. A bentonite pellet seal with a minimum 2-foot vertical thickness will be placed by 
pouring or the tremie pipe method on top of the filter pack material. The bentonite seal will be 
tamped in place and allowed to hydrate. The annular space above the bentonite seal will be filled 
to within 2 feet of the land surface with a cement/bentonite grout by the tremie pipe method. 
The grout material will be allowed to cure 24 hours before proceeding with additional well 
construction activities on the newly grouted well. 

A riser pipe will extend a minimum of 2 feet above ground surface and will be protected by a 
keyed-alike locking anodized aluminum protective casing set in a continuous pour 3' x 3' x 6" 
concrete surface pad. The annular space between the riser pipe and the protective cover will be 
filled with grout to a height 5-inches below the top of the riser pipe. A permanent reference point 
will be placed on the top of the riser pipe, a survey nail will be placed in the concrete pad and a 
vent will be placed on the well and protective casing. The wells will be permanently marked with 
the well number, date installed, site name, elevation, etc. Specifications for the above ground 
riser pipe and outer protective casing and concrete surface pad will be as shown on Figure 2. 
Well tags will be riveted to the protective casing. 

The lower sand monitoring well will be completed to the top of the lower clay using the hollow 
stem auger method. The lower sand monitoring well will be double cased. The outer casing will 
be installed through the upper sand and into the peat. The borehole will be of adequate diameter 
to provide a 2-inch annular space between the borehole wall and the surface casing. The surface 
casing size will be selected such that a minimum 2-inch annular space is provided between the 
inner well casing and the outer surface casing. A cement/bentonite grout will be placed using a 
tremie pipe from the base of the outer casing to within 2 feet of the land surface. The grout will 
be allowed to cure a minimum of 24 hours before proceeding with monitoring well installation at 
this location. 

The lower sand borehole will be continued using the hollow stem auger method (mud rotary may 
be required) to the total depth of the borehole. The monitoring well will be constructed with a 
10-foot screen. A filter pack will be placed using the tremie method from 6-inches below the 
bottom of the screen to a minimum of2 feet above the top of the screen. A bentonite pellet seal 
with a minimum 2-foot vertical thickness will be placed by pouring (less than 50 feet) or the 
tremie pipe method on top of the filter pack material. The bentonite seal will be tamped in place 
and allowed to hydrate. The annular space above the bentonite seal will be filled to within 2 feet 
of the land surface.with a cement/bentonite grout by the tremie pipe method. The grout material 
will be allowed to cure 24 hours before proceeding with additional well construction activities on 
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the newly grouted well. The well will be completed at the surface as described for the shallow 
monitoring wells. 

The well construction material selection will be based on the following criteria: 

All monitoring wells screened in visual DNAPL will be continuous slot 304 stainless steel flush 
threaded to the riser pipe. All other screens will be continuous slot Schedule 40 PVC. The field 
hydrogeologist will determine the well screen material. 

The screen slot openings· will be selected to retain 90 percent of the filter pack material. 
Generally, all monitoring wells will have screens 10 feet long. 

Riser pipe will be 2-inch inside diameter, flush threaded rigid Schedule 40 PVC (NSF Standard 
14) or Schedule 5, 304 stainless steel. Stainless steel riser will only be used when separate-phase 
fluids or high dissolved concentrations of wood-preserving constituents are suspected. 

Surface casing will be rigid PVC. 

The filter pack material will consist of well-rounded quartz sand. Filter-pack size will be based 
on the finest aquifer materials to be screened, such that the well screen retains 90 percent of the 
filter pack. 

Samples of all materials used during drilling and well construction (drill mud, filter pack, 
bentonite pellets and tap water) will be retained for QNQC analysis, if necessary. 

In order to remove the residual materials remaining in the wells after installation and to restore 
the natural hydraulic connection with the aquifer materials, the monitoring wells will be 
developed. The newly installed monitoring wells will be developed no sooner than 24 hours after 
the surface pad and outer protective casing are installed. The wells will be developed until the 
column of water in the well is visibly free of sediment and the pH, conductivity, and temperature 
has stabilized. Well development will include alternating gentle surging and pumping the well to 
remove the fine material. All well development data will be recorded on the well log. The 
development water will be containerized and disposed of properly. 

A driller's log .will be maintained that includes all pertinent data collected during drilling 
operations. At a minimum the following data will be recorded: 

• Hole number and hole location. 
• Drilling method, equipment type, driller certification, drilling company, and date drilled. 
• Description of soils and subsurface conditions. 
• Type and size of surface casing, well casing and well screen. Depth to well screen. 
• Development data. 
• Decontamination log. 
• Waste Management log . 

7 
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• Following completion of monitoring well installation activities, the horizontal location (0.1 foot) 
and vertical elevation (0.01 foot) of the ground surface, surface pad and top of well casing (TOC) 
and the direct push locations will be determined by direct field survey. The survey data will be 
tabulated, signed and sealed by a North Carolina registered land surveyor (RLS). All monitoring 
wells and direct push locations will be accurately depicted on a scaled site map. Field 
measurements will be traceable to the actual person making the measurement. Equipment 
maintenance and calibration records will be kept in logbooks. 

• 

• 

3.2.2 Groundwater Sampling 

Groundwater measurement and sampling will occur at all monitoring wells associated with 
investigation activities at the site. Groundwater measurement and sampling activities will be 
completed in accordance with Section 7 ofEISOPQAM (Attachment F). 

Both Amerada Hess and Paktank environmental representatives will be contacted to determine 
whether these facilities have generated groundwater data that might be used to further 
characterize groundwater conditions north and south of the site. If wells are present on their 
facilities, it will be requested that SWP be allowed to measure groundwater levels in these wells. 
The water level in these wells will be measured across a full tidal cycle with the on-site wells. 1n 
addition, results from; previous groundwater sampling events at these off site wells will.,..g_e 
requested. 

-·~ 

Staff gauges will bejl_!stalled along the drainage ditch, Greenfield Creek and the Cape Fear ~~r 
to aid in the evaluatmn of groundwater flow relative to the surrounding surface water bodi~. 
Surface water level elevations will be collected across a full tidal cycle at similar intervals .as..Jli'e 
monitoring wells. The top of each staff gauge will be surveyed . 

. ---
The groundwater and surface water levels will be used to produce potentiometric _maRS 
illustrating the direction of groundwater flow on both sides of the drainage ditch and Greenfietd 
Creek and to evaluate the effect that the new tidal gate has on groundwater flow. 

All wells at the site will be sampled for previously detected constituents to provide current. 
isoconcentration maps for the site. A North Carolina certified laboratory will analyze all 
groundwater samples using EPA approved methodologies. Equipment and trip blanks will be 
analyzed along with the groundwater samples. Depth to groundwater and total well depth will be 
measured at each well prior to sampling. Groundwater samples will not be collected from 
monitoring wells located on Amerada Hess or Paktank facilities. 

Groundwater samples will also be collected at locations were surface soils indicated dioxin/furan 
results that exceed remediation goals at the site. The groundwater samples for dioxins/furans 
will be collected using low-flow (minimal drawdown) technology (Attachment G) to minimize 
collecting suspended particles in the samples. Dioxinlfuran groundwater samples will be 
collected at the following locations (Figure 1): 

8 
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MW-12 Production Area 
MW-14 Covered Ditch 
MW-34 Greenfield Creek Area 
MW-40 Landfann Area 
MW-17 Background 

3.2.3 Subsurface Soil Sampling 

DRAFT Revision 2.0 
May23,2000 

Subsurface soil samples will be collected at locations were surface soils indicated dioxin/furan 
results that exceed remediation goals at the site. The subsurface soils will be collected in 
accordance with the procedures described in Section 12 of the EISOPQAM (Attachment H). The 
subsurface soils will be collected at a depth greater than 2 feet below land surface but above the 
water table and analyzed for dioxin/furans. Subsurface soil samples will be collected at the 
following locations (Figure 3): 

SS-13 Exceeded remediation goal for OCDD and OCDF 
SS-17 Exceeded remediation goal for OCDD and OCDF 
SS-06 Exceeded State Remediation Goal 
SS-14 Exceeded State Remediation Goal 
SS-2 Background sample 

3.2.4 Sediment Sampling 

The sediment samples in the waterways have not been tested for dibenzodioxins/dibenzofurans. 
Select sediment samples from previously sampled locations will be resampled for dioxins/furans 
to determine if a release has occurred to the drainage ditch, Greenfield Creek and the Cape Fear 
River. A background and a minimum of two downgradient samples are proposed for each 
waterway (Figure 3). Reference sample SD-01 will not be collected due to the large amount of 
wind-blown paper and other solid waste in the drainage ditch. An attempt to find a suitable 
alternate location (SD-41) will be made. If no other suitable ditch reference sample can be 
located, the reference sample at BK-S 1 below the dam at Greenfield Lake will be used for both 
the ditch and the creek. The reference sample on Greenfield Creek will be collected as far 
upstream from the railroad bridge as possible. The Cape Fear River reference location (SD-40) 
will be located 500 feet north of the northern drainage ditch in front of the Amerada Hess 
facility. If dioxins/furans are detected above background, then all previously collected sediment 
samples and proposed sediment and fish tissue samples will be analyzed for dioxins/furans. 

A total of fifteen (15) additional sediment samples (SD-21 through SD-35) will be collected from 
the drainage ditch . and Greenfield Creek to provide for a higher resolution sediment 
characterization to delineate "hot" segments of the ditch and creek. This will provide a sample 
spacing of200 feet between samples (Figure 2). 

One additional sediment sample (SD-40) will be collected from the Cape Fear River to determine 
background concentrations for previously detected constituents . 
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Three additional sediment samples (SD-36, SD-37 and SD-38) be collected in the vicinity ofSD
I4 (Figure 3). One sediment sample (SD-39) will be collected in an off-site wetland area for 
background comparison. The samples will be analyzed for previously detected constituents. 

In order to generate data in support of the ecotoxicity assessment, the physico-chemical 
characteristics of all proposed sediment samples will be determined. These will include particle 
size distribution, total organic carbon, salinity, pH, and ammonia. 

Acid Volatile Sulfide (A VS) samples will be collected to evaluate the bioavailability of 
constituents in the drainage ditch and Greenfield Creek. The A VS samples will be collected with 
the bulk composite sediment samples (SD-42-Comp through SD-47-Comp) described below. 
The A VS samples will not be composited. 

Bulk composite sediment samples (SD-42-Comp ~hrough SD-47-Comp) will also be collected 
for the sediment toxicity assessment. For each composite sample, a total of 5 subsamples will be 
homogenized following Environmental Response Team guidelines (EPA, I994a). The 5 
locations will be selected to represent the different conditions within the drainage ditch and creek 
system. It is anticipated that 2 composite samples will be collected.from the drainage ditch and 3 
composite samples will be collected from the creek. In addition, I composite sample will be 
collected from the Reference Area. The Reference Area will be the same as that used for prior 
investigations (i.e., on Greenfield Creek between the site and Greenfield Lake dam) . 

3.2.5 Fish Tissue Sampling 

Reference fish tissue samples will be collected from Greenfield Lake (BIO-I 0) and from a 
· separate Cape Fear River tributary (BI0-11) similar to Greenfield Creek but less likely to be 
contaminated by site constituents. Barnard's Creek downstream of the site and Smith's Creek 
upstream of the site will be evaluated for potential reference fish samples that are similar to 
Greenfield Creek. Both creeks drain populated areas of Wilmington. If these creeks are not 
satisfactory, additional creeks on the west side of the Cape Fear River will be explored. We will 
obtain NCDENR concurrence prior to sampling the selected reference creek. 

Fish tissue samples will be collected from up to three locations in Greenfield Creek (BIO-I2, 
BI0-13 and BI0-14) and one location in the drainage ditch (BI0-15). Target species will be 
those typically caught by recreational anglers including bass, catfish, crappie and bream or other 
species (spot, striped bass; if brackish water) that are potentially used for human consumption. 

To the extent practicable, each fish tissue sample location will consist of 3 trophic levels of fish 
(i.e., BIO-I OA, BIO-I OB and BIO-I OC), with fish of similar size and weight used for 
compositing, when necessary. When compositing, three to five individuals will be collected per 
sample. It should be recognized that, while every attempt will be made to capture 3 trophic 
levels of fish in Greenfield Creek and in the Drainage Ditch, it is unlikely that this many trophic 
levels are present as resident species in this system. Because a Department representative will be 
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• present during the electroshock collections, they will be able to see first hand the degree of actual 
specie diversity. 

At least three composites of small fish will be collected from three representative areas within 
Greenfield Creek (BI0-18-Comp, BI0-19-Comp and BI0-20-Comp), one composite of small 
fish will be collected from the drainage ditch (BI0-21-Comp), and one composite will be 
collected from each Reference Area (BI0-16-Comp and BI0-17-Comp). Because single 
composites from each sampling location may not be adequate to provide reliable data for 
evaluation, additional composites will be collected, if possible. The sampling areas will be 
determined based upon the potential for suitable avian feeding habitat. 

The NC Division of Water Quality, Environmental Services Branch (ESB) will be notified to 
provide oversight during fish tissue sampling activities. We will contact Mark Hale of ESB 
(919-733-6946) and follow ESB/DENR procedures for fish tissue sampling when assessing 
potential human health impacts. 

The possibility of utilizing NC Division of Water Quality personnel and equipment to assist in 
electroshocking the fish will also be evaluated. The procedures utilized during this study will 
reference USEP A documents. 

3.2.6 Human Health and Ecological Risk Assessment 

• A baseline Human Health Risk Assessment (HHRA) and screening-level Ecological Risk 
Assessment (ERA) were prepared for the SWP Wilmington site in 1996. These assessments 
preceded the collection of supplemental sampling data during USEPA's Expanded Site 
Inspection, which occurred in 1997. The HHRA and ERA were submitted by SWP as part of the 
Draft Remedial Investigation Report, which was issued to NCDENR on June 24, 1999. The 
following HHRA and ERA supplemental work plans were developed to address comments raised 
by NCDENR in its September3, 1999letter to SWP. 

• 

3.2.6.1 Human Health Risk Assessment Workplan 

Fish Tissue SamplinefFish Ingestion Exposure Pathwav 

The 1996 HHRA relied upon modeled concentrations in fish using a predictive food.web model 
to evaluate the fish ingestion exposure pathway as fish tissue sampling data were unavailable at 
that time. This conservative modeling approach resulted in estimated risks that were within the 
range of risks deemed acceptable by USEPA at CERCLA sites. For the supplemental InfRA, 
SWP will use actual fish tissue (fillet only) sampling data to the extent that fish desirable for 
human consumption are caught using proposed fish sampling techniques. As discussed below in 
the ERA supplemental work plan, NCDENR staff has observed the presence of bass and other 
game fish in Greenfield Creek . 
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Once fillet sampling data are available, potential carcinogenic and noncarcinogenic risks 
associated· with consumption of fish from the Greenfield Creek drainage system will be 
calculated, relying upon fish ingestion rates typical of a trespasser angling on a quasi-urban creek 
system. Results will be summarized in tables and text that clearly lay out all assumptions and 
calculations. It is SWP's understanding that, depending upon the fish sampling results, the 
Department may post a fish consumption advisory. 

Specific Comments on HHRA 

Since completion of the 1996 HHRA, supplemental sampling data are available which were 
collected as part ofUSEPA's Expanded Site Inspection. Still more data is proposed in support 
of addressing the Division's comments on the Draft RI. Thus, exposure point concentrations 
(EPCs) for chemicals of potential concern (COPC) for all scenarios will be revisited to the extent 
that new sampling data will be included in the various exposure assessment evaluations. 

Where the Department's HHRA reviewer (in a letter to Jack Butler dated June 17, 1996) has 
noted potential errors or discrepancies, such errors will be corrected or additional clarification 
provided. To the extent practicable, the supplemental HHRA and ERA will build upon the 
baseline reports and submit HHRA and ERA supplemental reports in addendum format in the 
SRI. 

The supplemental HHRA will provide the following: 

• An update of physical attributes of the site, to the extent any may have changed since 1996. 

• A re-analysis of all data, and selection of chemicals of potential concern (COPC), based on 
the expanded dataset. 

• Streamlined toxicity profile summaries for any chemicals not included in the 1996 report. 

• A table of all current carcinogenic and noncarcinogenic toxicity values. 

• A review of exposure setting/pathway analysis to ensure that prior assumptions are 
representative of site conditions today. Exposure pathways previously discussed in the 
HHRA include: 

incidental ingestion of soils and sediments 
dermal contact with soiVsediment 
dermal contact with groundwater 
inhalation of soil particles (dust) 
inhalation of soil vapors 
inhalation of groundwater vapors, and 
fish ingestion by trespassing anglers . 
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• • An expanded fish ingestion exposure analysis will be provided to address the potential of 

• 

• 

trespassing anglers consuming fish from the quasi-urban drainage ditch and Greenfield Creek 
system. 

3.2.6.2 Ecological Risk Assessment Workplan 

A Screening-Level Ecological Risk Assessment (SLERA) was prepared for the site in 1996 
(ChemRisk, 1996). This document was developed using analytical data collected over the period 
from 1985 through 1995, and was prepared in accordance with guidance that was available at the 
time. This document will be updated to reflect the guidance set forth in Ecological Risk 
Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk 
Assessments (herein referred to as "ERA Guidance"; EPA, 1997). The ERA Guidance specifies 
that an eight step process be used to perform ecological risk assessments within the Superfund 
Process. These steps include the following: 

• Step 1 - Preliminary Screening Level, which includes a site visit, preliminary Problem 
Formulation, and preliminary Toxicity Evaluation. 

• Step 2 - Screening Level, which includes development of Exposure Estimates and 
Preliminary Risk Calculations . 

• Step 3 - Problem Formulation, which includes toxicity evaluation, development of a 
preliminary site conceptual model and exposure pathways, and development of 
assessment endpoints. 

• Step 4- Study Design and DQO Development. This includes development of the Work 
Plan and Sampling and Analysis Plan based upon results of the previous three steps. 

• Step 5- Verification of Field Sampling Design. This step includes a determination ofthe 
feasibility of the field program as outlined in Step 4. 

• Step 6 - Site Investigation and Data Analysis. 

• Step 7 - Risk Characterization. This step includes more refined and detailed 
quantification of potential site risks, and is generally a more realistic evaluation of risks 
than was performed in Step 2. 

• Step 8 -Risk Management. 

Scientific/Management Decision Points (SMDPs) are made as part of Steps 2 through 8 in this 
process. · SMDPs are "checkpoints" in the ERA process to verify that the work that was 
completed at each step was complete and to determine the need, if any, for proceeding to the 
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• next step. SMDPs are critical as they provide the opportunity to exit the process, since all eight 
steps may not be required for all site evaluations. 

• 

• 

The completed SMDPs and their results are discussed in the next section. This Work Plan 
outlines the elements of ERA Step 4. The subsequent steps in the ERA process will occur 
following initiation of the field activities. 

Summarv o(Screening-Level Ecological Risk Assessment 

Table 2 summarizes the results of the SLERA and compares the results to each of the appropriate 
steps specified in the ERA Guidance and their appropriate context. The key conclusions of the 
SLERA are shown below: 

• Metal concentrations in sediments of the drainage ditch and Greenfield Creek system are 
generally below levels that would be of concern based on the sediment toxicity 
benchmarks that were used. Cape Fear River sediments have concentrations of metals 
that were slightly higher than the benchmarks; however, A VS/SEM results indicate that 
most locations have sufficient chelating properties (including TOC) to reduce the 
bioavailability of these metals to aquatic organisms. 

• Potential risks in the ditch/Creek sediments appear to be cur.rently confined to benthi 
macroinvertebrates. However, despite the elevated HQs derived for benthic organisms, 
observations made on the community composition indicate that they are still well 
represented by taxa that are suited fo r: reshwater habitats having shallow surface waters, 
low flow, and silt/sand substrate. 

• Risks associated with the direct contact and · ngestion of sediments by benthic 
invertebrates, and to a lesser extent, the locally abundant spot, h ave been shown to 
present a potential hazard to these species at some riverine locations. These risks have 
been conservatively identified based on hazard quotients that do not incorporate the use 
of physicochemical factors that control bioavailability (e.g. A VS and TOC), and indicate 
the need for further investigation. 

• The potential risks from P AH exposure in the Cape Fear River are also predominately 
attributed to direct contact and ingestion by benthic organisms. Potential hazards of P AH 
exposure for the spot appear to be limited to only a few locations in the study area (e.g. 
the old slip, and the north shoreline near Pactank Bulk Chemical Storage Facility which 
are of limited size relative to the overall habitat range of this species. Finally, as 
indicated by background concentrations of P AH in the Cape Fear River, the potential 
hazard of P AH exposure to these fish is more than likely not restricted to sediments or 
areas adjacent to the site. 

The SLERA addressed the conservative screening presented in Steps 1 through 3 of the ERA 
Guidance. The results from the SLERA indicated that potential adverse effects were estimated 
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for benthic invertebrates, based upon sediment benchmarks, and fish, based on estimated body 
burdens calculated from a conservative uptake model. No potential adverse effects were 
identified for the piscivorous avian receptor (great blue heron). The current Work Plan describes 
the elements of ERA Step 4, which represents the baseline ecological risk assessment (BERA) 
for this project. 

BERA Scope of Work 

The relevant activities for ERA Step 4 for the SWP project have been outlined in Table 3. Based 
upon the results. of the SLERA, the principal focus of the current Work Plan will be the 
assessment of potential benthic toxicity due to exposure to COPCs. However, since additional 
sediment and surface water samples were collected after the SLERA was produced, and 
additional samples (and analytical parameters) are planned for the current SRI work scope, the 
same receptors and pathways presented in the SLERA will be re-evaluated using the new 
analytical results .. 

Problem Formulation 

Elements of the problem formulation step and the site conceptual model that were developed for 
the drainage ditch, Greenfield Creek, and adjacent areas of Cape Fear River in ERA Step 1 still 
apply to the current activity. However, it will be extended to evaluate the potential sediment 
toxicity to benthic organisms by performing standardized sediment toxicity bioassays. The Site 
Conceptual Model is shown in Figure 4. 

Analytical Database 

The SLERA was prepared based upon analytical data collected from 1985 through 1995. 
Additional samples were collected following completion of the 1996 report. These include 21 
soil samples, 21 subsurface soil samples, 20 sediment samples, 9 surface water samples, and 42 
groundwater samples, and were collected as part of the Expanded Site Inspection (Black and 
Veatch, 1997). Relevant portions of these results will be incorporated into theBERA. 

Supplemental Field Sampling 

Additional field sampling will be performed in support o'fthe current project. This will include 
the following: 

• Collection of sediment samples from 36 locations for chemical analysis. These will 
include collection from areas with known spatial data gaps, as well as the collection of 
samples for additional chemical analyses (e.g., ammonia, select dioxin/furan congeners). 

• Collection of four fish tissue samples, as well as two fish tissue samples from within 
reference areas. These samples will also be analyzed for chemical parameters . 
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• Collection of small fish (six samples) for chemical body burden analyses for the BERA. 

• Collection of game-size fish for the HHRA. 

Composite Samples for Toxicity Testing 

Bulk composite samples will be collected for the sediment toxicity assessment, using a similar 
collection method as specified above for the individual sampling stations. For each composite 
sample, a total of five subsamples will be homogenized. The five locations will be selected to 
represent the different conditions within the drainage ditch and creek system. 

Whole-body Fish Composites -small Fish 

Small fish may be preyed upon by piscivorous avian species. In the SLERA, the P AH 
concentrations were estimated using an equilibrium partitioning model. Since most aquatic 
organisms can readily metabolize P AHs, collections of small, whole body fish composites will 
be performed to provide empirical data for the quantification of risks to the piscivorous avian 
receptor. 

Fillet Fish - Game Fish 

NCDENR staff has observed the presence of bass and other similar game fish within the 
drainage ditch/Greenfield Creek system. In order to estimate the potential human health risks 
associated with the consumption of these fish by trespassing anglers, fillets will be collected 
from several game fish collected within the system. If adequate fish size cannot be collected, 
fish or similar size and weight with be composited. 

Physico-Chemical Characterization 

In order to generate data in support of the ecotoxicity assessment, the physico-chemical 
characteristics of the composited sediments will be determined. These will include particle size 
distribution, total organic carbon, salinity, pH, and ammonia: 

• Particle size distribution: Sediment particle size distribution determines the types of 
benthic invertebrate species that are expected to be found in a given sediment. For 
example, tube-building amphipods do not prefer sediments that contain high silt content 
(See Table 4) · 

• Total organic carbon (TOC): TOC is a critical variable that regulates the bioavailability 
of non-ionic organic contaminants in sediments (Di Toro et al., 1991). 

• Salinity: Salinity must be measured to match this variable to the known salinity 
tolerances of the candidate benthic test species (See Table 4) . 
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• pH: pH affects the behavior of many chemicals (e.g., metals, ammonia) and is tolerated 
differently by benthic invertebrates. 

• Ammonia concentration: Ammonia can be present in sediments, irrespective of their 
origins or anthropogenic contaminant loads. It is produced when nitrogenous compounds 
in sediment pore water are reduced to ammonia by bacterial metabolism. This compound 
could be present in sediment samples from the creek and ditches due to the suburban 
setting of Greenfield Lake, located upstream of the site. Ammonia is highly toxic to 
aquatic organisms, including benthic invertebrates, and can lead to unexpected responses 
(Kohn et al., 1994). Ammonia toxicity depends partly on the pH of the test system 
(temperature also plays a role): toxicity increases at higher pHs where the unionized form 
(NH3) predominates over the ionized form (NH\) (Bower and Bidwell, 1978). 

Identification o(Receptors 

No further refinement will be required. The receptors selected in the SLERA will be carried 
fo rward in the BERA. These receptors include the following: 

• Benthic Invertebrates - direct contact/ingestion of sediments. 

• Fish: Spot - indirect food-chain exposure . 

• Avian: Great Blue Heron- indirect food-chain exposure. 

Assessment and Measurement Endpoints 

According to USEP A ( 1998b ), assessment endpoints are explicit statements of the characteristics 
of the ecological system that are to be protected. Assessment endpoints either are measured 
directly or are evaluated through indirect measures. Measurement endpoints represent 
quantifiable ecological characteristics that can be measured, interpreted, and related to the valued 
ecological component(s) chosen as the assessment endpoints. Assessment endpoints, and the 
associated measurement endpoints, provide information to support or refute the risk hypotheses 
generated from the conceptual assessment model. 

The assessment and measurement endpoints will be used to interpret data concerning ecological 
risks within the study area and include the following: 

Assessment Endpoint No. 1 - Adverse effects on benthic macroinvertebrates as a potential prey 
base to higher tropic levels resulting from exposure to P AHs in sediments . 
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• Corresponding Measurement Endpoint: 

• 

• 

• Comparison of the distribution of chemical concentrations in sediment with the 
distribution of concentrations associated (in field and laboratory studies) with adverse 
effects on macroinvertebrates. The proportion of the chemical concentration 
distribution that exceeds the toxicity distribution is the measure of potential impact on 
the community. 

• Reductions in survival and growth of Hyalella azteca and Leptocheirus plumulosus 
exposed to Study Area sediments. Sediments producing responses that are statistically 
significant relative to responses in control sediments are assumed to be toxic. 

• Reductions in survival and growth of the midge Chironomous tentans exposed to Study 
Area sediments. There have been several studies that have shown unreliable results 
using the chronic chironimid. Therefore, a determination was made to use a 1 0-day 
survival and growth test for this test organism. Sediments producing responses that are 
statistically significant relative to responses in control sediments are assumed to be 
toxic. 

• Comparison of the distribution of chemical concentrations in sediment with thresholds 
derived from site-specific toxicity test data. Thresholds are measured concentrations 
above which toxicity is observed. The proportion of the chemical concentration 
distribution that exceeds the threshold is a measure of potential impact on the 
community. 

Assessment Endpoint No. 2. - Adverse effects on invertivorous bird populations resulting from 
exposures to chemicals in sediments and/or prey. 

Corresponding Measurement Endpoint: 

• Comparison of predicted average daily doses of chemicals to avian receptor to 
toxicity reference values for the species. If the average daily dose is greater than the 
toxicity reference value, this indicates the potential for adverse effects to some 
portion of the population. 

Ecotoxicological Testing 

All ecotoxicity tests will closely follow standard test protocols published by EPA (e.g. , EPA, 
1994b and EPA 1994c) and/or ASTM in terms of test organism husbandry, experimental design 
considerations, and data interpretation. The ecotoxicity testing laboratory will maintain up-to
date control charts based on periodic reference toxicant testing to ensure that the sensitivity of 
the test organisms fall within expected ranges and do not deviate significantly over time . 
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Based upon the results of the acute toxicity test, the chronic toxicity tests will be performed at an 
appropriate dilution. Hyalella and a Chironomus species will be the test organisms used in the 
freshwater drainage ditch/Greenfield Creek system. 

To properly interpret ecotoxicity test data, test species sensitivity will also be evaluated using 
control and reference sediments. 

• Control Sediments - Control sediments are used to evaluate the health and condition of test 
organisms to the laboratory environment, and are tested concurrently with the site samples. If 
survival falls below a minimum threshold (e.g., 80%) at the end of a test (consistent with 
ASTM protocols), then the entire data set from that test is considered invalid .. 

• Reference Sediments- Reference sediments are collected in.the field and are comparable to 
the test sediments in physical and chemical characteristics, but without site-specific 
contaminants. They assess the presence of "background" toxicity in sediments due to 
unidentified off-site sources of contamination or the presence of naturally occurring toxicants 
such as ammonia. These off-site sources may include petroleum hydrocarbons from road 
runoff, pesticides from agricultural or lawn care activities, or heavy metals from atmospheric 
depositions. 

COPC Fate and Transport 

The SLERA included discussion of the potential fate of P AHs due to biodegradation in the 
environment. This discussion will be expanded for this phase of the project to include other 
elements relevant to ecological risk assessment. 

Input Assumptions for Risk Calculations 

ERA Steps 6 and 7 allow the use of more representative risk assumptions (e.g., area use factors) 
for the estimation of site ecological risks. Some of the key elements for each of the receptors 
include the following: 

• Benthic organisms: Risks will be evaluated by using sediment toxicity testing. These 
results will also be used in conjunction with the expanded analytical database to fill data 
gaps in the ecological risk assessment to this receptor group in the drainage ditch-creek 
system. 

• Fish: Empirical data on the body burdens of the COPCs will be collected as part of the 
proposed field program. These data will be available only for small fish (due to fillet
specific sampling being conducted for game fish). Results will be evaluated in 
conjunction with studies that evaluate toxic effects and body burdens . 
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• • Bird: Exposure assumptions used in the SLERA will be refined to reflect site- or region-

• 

• 

specific conditions. In· addition, empirical fish COPC concentrations will be used to 
better define the risks associated with dietary exposure to COPCs. 

Toxicity Evaluation 

Further assessment of critical body burden values in fish and the avian TRVs used in the SLERA 
will be performed as part of the toxicity evaluation. Relevant enhancements of the toxicological 
database of the COPCs for the key receptors will be evaluated. Both freshwater and saltwater 
benchmarks will be reviewed, depending upon whether the samples have been collected in the 
freshwater drainage ditch-Greenfield Creek system or in the more saline Cape Fear River. 

Reporting and Analvsis 

The BERA report will be prepared in accordance with the relevant components of Steps 6 and 7 
of the ERA Guidance, and will consist of the following components: 

• Compilation and summary of analytical and toxicity laboratory results. 

• All data not generated by NCDENR DWQ/ESB will be reviewed by ESB personnel for 
sample collection/handling techniques and analytical procedures utilized; 

• Early analytical data (pre 1990-1992) will be evaluated for detection limits, sample 
collection and handling techniques, analytical protocols, and QA/QC protocols to insure 
that its meets current program standards. Any data that does not meet standards may be 
used qualitatively. 

• Complete copy of field collection logs and chain-of-custody forms; 

• Standardized toxicity testing methods (USEP A, ASTM, NCDENR) will be used for all 
media. State certifications for applicable toxicity test methods (NCDENR DWQ does not 
provide certification for sediment toxicity testing) will be provided, were applicable. 
Laboratories with sediment certifications from other states or agencies are recommended, 
or as an alternative, documentation will be provided to support a history of method 
performance. The selected laboratory QA/QC plan is included as (Attachment I). 
NCDENR may audit the laboratory to obtain a greater comfort level, if necessary. 

• Analysis of spatial trends (e.g., drainage ditch versus Greenfield Creek, upstream versus 
downstream sections of Greenfield Creek). 

• Data on sediment P AH and TCDDffCDF concentrations at the locations where fish were 
captured will be qualitatively inspected for correlation with fish body burdens. Spatial 
trends in P AH and TCDDffCDF sediment concentrations will also be evaluated . 
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• Risk characterization. 

3.3 Section VI. D .• 15- Proposed Methods. Locations, Depths, and Justification 
for all Proposed Samples 

The Division (NCDENR) or its representatives may take split or duplicate samples pursuant to 
this workplan and the AOC. The Division will be notified not less than 10 days in advance of 
any sampling activities. 

The proposed sample codes, locations, depths, methodology and justification for all proposed 
sampling points are, listed on Table 1. Sample locations are also illustrated on Figure 1 and 3. 

3.3.1 Groundwater Sampling Methodology 

Purging 

The depth to groundwater and total depth of the well will be measured using a decontaminated 
water level meter. The volume of water in the well will be calculated and purged from the well as 
follows: 

Purging is the process of removing stagnant water from the well, immediately prior to 
sampling, causing its replacement by ground water from the adjacent formation, which is 
representative of actual aquifer conditions. In order to determine when a well has been 
adequately purged, the field investigators will 1) monitor the pH, specific conductance, 
temperature, and turbidity of the ground water removed during purging; and 2) observe and 
record the volume of water removed. · 

Prior to initiating the purge, the amount of water standing in the water column (water inside · 
the well riser and screen) will be determined. To do this, the diameter of the well should be 
determined and the water level and total depth of the well are measured and recorded. Once 
this information is obtained, the volume of water to be purged can be determined using one 
of several methods. One is the equation: 

Where: h =depth of water in feet 
d =diameter of well in inches 
V =volume of water in gallons 

Alternatively, the volume may be determined using a casing volume per foot factor for the 
appropriate diameter well. The water level is subtracted from the total depth, providing the 
length of the water column. This length is multiplied by the factor that corresponds to the 
appropriate well diameter, providing the amount of water, in gallons, contained in the well. 
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With respect to volume, an adequate purge is normally achieved when three to five times 
the volume of standing water in the well has been removed. The field notes should reflect 
the single well volume calculations or determinations, according to one of the above 
methods, and a reference to the appropriate multiplication of that volume (i.e., a minimum 

. three well volumes) clearly identified as a purge volume goal. 

With respect to the ground water chemistry, an adequate purge is achieved when the pH, 
specific conductance, and temperature of the ground water have stabilized and the turbidity 
has either stabilized or is below 10 Nephelometric Turbidity Units (NTUs). Stabilization 
occurs when pH measurements remain constant within 0.1 Standard Unit (SU), specific 
conductance varies no more that 10 percent, and the temperature is constant for at least 
three consecutive readings. There are no criteria establishing how many sets of 
measurements are adequate for the determination of stability. If the calculated purge 
volume is small, the measurements should be taken frequently to provide a sufficient 
number of measurements to evaluate stability 

If, after three well volumes have been removed, the chemical parameters have not 
stabilized according to the above criteria, additional well volumes may be removed. If the 
parameters have not stabilized within five volumes, it is at the discretion of the project 
leader whether or not to collect a sample or to continue purging. The conditions of 
sampling should be noted in the field log . 

In some situations, even with slow purge rates, a well may· be pumped or bailed dry 
(evacuated). In these situations, this generally constitutes an adequate p~ge and the well 
can be sampled following sufficient recovery (enough volume to allow filling of all sample 
containers). It is not necessary that the well be evacuated three times before it is sampled. 
The pH, specific conductance, temperature, and turbidity should be measured, during 
collection ofthe sample from the recovered volume, as the measurements of record for the 
sampling event. 

Attempts should be made to avoid purging wells to dryness. This can be accomplished, for 
example, by slowing the purge rate. If a well is pumped dry, it may result in the sample 
being comprised partially of water contained in the sand pack,.which may be reflective, at 
least in part, of initial, stagnant conditions. In addition, as water re-enters a well that is in 
an evacuated condition, it may cascade down the sand pack or the well screen, stripping 
volatile organic constituents that may be present and/or introducing soil fines into the water 
column. 

The monitoring wells will be purged using single use polyethylene bailers, a peristaltic pump or a 
submersible pump. A peristaltic pump is the preferred purge device. When a peristaltic pump is 

· used, only the intake line is placed into the water column. The line placed into the water should be 
standard-cleaned Teflon tubing, for peristaltic pumps. When submersible pumps are used,· the 
pump itself is lowered into the water column. The pump must be cleaned as specified in Section 
3.7.1. 
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Regardless of which method is used for purging, new plastic sheeting should be placed on the 
ground surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc., in 
the event they need to be placed on the ground during the purging or they accidentally come into 
contact with the ground surface. It is preferable that hoses used in purging that come into contact 
with the ground water be kept on a spool or contained in a plastic-lined tub, both during 
transporting and during field use, to further minimize contamination from the transporting vehicle 
or ground surface. 

The pump/hose assembly or bailer used in purging should be lowered into the top of the standing 
water column and not deep into the column. This is done so that the purging will "pull" water from 
the fonnation into the screened area of the well and up through the casing so that the entire static 
volume can be removed. 

Low Flow/Low Volume Purging Techniques/Procedures 

The low flownow volume purging is a procedure used to minimize purge water volumes and 
turbidity in a well. The pump intake is placed within the screened interval at the zone of sampling, 
preferably, in the middle or slightly above the middle of the screened interval. Flow rates should 
not exceed the recharge rate of the aquifer. This is monitored by measuring the top of the water 
column with a water level recorder or similar device while pumping. Water quality indicator 
parameters (pH, specific conductance, redox, dissolved oxygen, temperature and turbidity) should 
be used to determine purging needs prior to sample collection at each well. In-line flow cells are 
recommended to continuously measure the above parameters. These techniques, however, are 
only acceptable under certain hydraulic conditions and are not considered standard procedures. 

The low flow/low volume purging and sampling technique will be used for dioxin/furan 
groundwater sampling at the site. 

Sampling 

Sampling is the process of obtaining, containerizing, and preserving the ground water sample after 
the purging process is complete. Non-dedicated pumps for sample collection generally should not 
be used. Only three devices should be used to collect ground water samples from most wells. 
These are the peristaltic pump/vacuum jug assembly, a stainless steel and Teflon bladder pump, 
and a bailer. These techniques are described below. 

Peristaltic pump/vacuum jug 

The peristaltic pump/vacuum jug can be used for sample collection because it allows for sample 
collection without the sample coming in contact with the pump tubing. This is accomplished by 
placing a Teflon transfer cap assembly onto the neck of a standard cleaned 4-liter (!-gallon) glass 
container. Teflon tubing connects the container to both the pump and the sample source. The 
pump creates a vacuum in the container, thereby drawing the sample into the container without it 
coming into contact with the pump tubing . 
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Samples for volatile organic compound analysis should be collected using a bailer or by filling a 
Teflon tube, by one of two methods, and allowing it to drain into the sample vials. The Teflon 
tubing is the preferred technique. The tubing can be momentarily attached to the pump to fill the 
tube with water. After the initial water is discharged through the pump head, the tubing is quickly 
removed from the pump and a gloved thumb placed on the tubing to stop the water from draining 
out. The tubing is then removed from the well and the water allowed to drain into the sample vials. 
Alternatively, the tubing can be lowered into the well to the desired depth and a gloved thumb 
placed over the end of the tubing. This method will capture the water contained in the tubing. It 
can then be removed from the well and the water collected by draining the contents of the tubing 
into the sample vials. Under no circumstances should the sample for volatile organic compound 
analysis be collected from the content of any other previously filled container. All equipment 
should be cleaned using the procedures described in Section 3.7.1. 

Bailers 

When bailing, new plastic sheeting should be placed on the ground around each well to provide a 
clean working area. The nylon rope should be attached to the bailer. The bailer should be gently 
immersed in the top of the water column until just filled. At this point, the bailer should be 
carefully removed and the contents emptied into the appropriate sample containers. 

3.3.2 Soil Sampling Methodology 

Soil sampling equipment used for sampling trace contaminants should be constructed of inert 
materials such as stainless steel. Ancillary equipment such as auger flights, post hole diggers, etc. 
may be constructed of other materials since this equipment does not come. in contact with the 
samples. However, plastic, chromium, and galvanized equipment should not be used routinely in 
soil sampling operations. Painted or rusted equipment must be sandblasted before use. 

Selection of equipment is usually based on the depth of the samples to be collected, but it is also 
controlled to a certain extent by the characteristics of the material. Manual techniques and 
equipment such as hand augers, are usually used for collecting surface or shallow, subsurface soil 
samples. Power operated equipment is usually associated with deep sampling but can also be used 
for shallow sampling when the auger hole begins to collapse or when the soil is so tight that 
manual augering is not practical. 

Simple, manual techniques and equipment, such as hand augers, are usually selected for surface or 
shallow, subsurface soil sampling. 

Surface Soils 

Surface soils may be collected with a wide variety of equipment. Spoons, shovels, hand-augers, 
push tubes and post-hole diggers, made of the appropriate material, may be used to collect surface 
soil samples. Surface soil samples are removed from the ground and placed in pans, where mixing 

24 
SCHNABEL ENGINEERING 



• 

• 

• 

Supplemental Remedial Investigation Wor1mlan DRAFT Revision 2.0 
Southern Wood Piedmont Company May23,2000 

occurs prior to filling the sample containers. Volatile organic compound samples should be placed 
directly into the sample containers with no mixing. If a thick, matted root zone is encountered at or 
near the surface, it should be removed before the sample is collected. 

Subsurface Soils 

Hand-augering is the most common manual method used to collect subsurface samples. Typically, 
4-inch auger-buckets with cutting heads are pushed .and twisted into the ground and removed as the 
buckets are filled. The auger holes are advanced one bucket at a time. When a vertical sampling 
interval has been established, one auger-bucket is used to advance the auger hole to the first desired 
sampling depth. If the sample at this location is to be a vertical composite of all intervals, the same 
bucket may be used to advance the hole, as well as to collect subsequent samples in the same hole. 
However, if discrete grab samples are to be collected to characterize each depth, a new bucket must 
be placed on the end of the auger extension immediately prior to collecting the next sample. The 
top several inches of soil should be removed from the bucket to minimize the chances of cross
contamination of the sample from fail-in of material from the upper portions of the hole. 

Another hand-operated piece of soil sampling equipment commonly used to collect shallow 
subsurface soil samples is the Shelby or "push tube." This is a thin-walled tube, generally of 
stainless steel construction and having a beveled leading edge, which is twisted and pushed directly 
into the soil. This type of sampling device is particularly useful if an undisturbed sample is 
required. The sampling device is removed from the push-head, then the sample is extruded from 
the tube into the pan with a spoon or special extruder. Even though the push-head is equipped with 
a check valve to help retain samples, the Shelby tube will generally not retain loose and watery 
soils, particularly if collected at lower depths. 

· Special Techniques and Considerations 

Collection of Soil Samples for Volatile Organic Compounds (VOC) Analysis 

These samples should be collected in a manner that minimizes disturbance of the sample. For 
example, when sampling with a hand auger, the sample for VOC analysis may be collected directly 
from the auger bucket or immediately after an auger bucket is emptied into the pan. The sample 
should be placed in the appropriate container with no head-space, if possible, as is the practice with 
water samples. Samples for VOC analysis are not mixed. 

Sample Mixing 

It is extremely important that soil samples be mixed as thoroughly as possible to ensure that the 
sample is representative of the interval sampled. VOC samples should not be mixed . 

25 
SCHNABEL ENGINEERiNG 



• 

• 

• 

SuPPlemental Remedial Investigation Workplan DRAFT Revision 2.0 
Southern Wood Piedmont Company May23,2000 

3.3.3 Sediment Sampling Methodology 

Wading is the preferred method for reaching the sampling location. However, wading may disrupt 
bottom sediments causing biased results. When wading, sampling should proceed in an upstream 
direction. If the stream is too deep to wade, the sediment sample may be collected from a boat or 
from a bridge. 

To collect a sediment sample from a streambed, a variety of methods can be used: 

Dredges (Peterson, Eckman, Ponar) 
Coring (tubes, augers) 
Scoops (BMH-60, standard scoop) and spoons 

If the surface water body is wadeable, the easiest way to collect a sediment sample is by using a 
stainless steel scoop or spoon. The sampling method is accomplished by wading into the surface 
water body and while facing upstream (into the current), scooping the sample along the bottom of 
the surface water body in the upstream direction. Excess water may be removed from the scoop or 
spoon. However, this may result in the loss of some fine particle size material associated with the 
bottom of the surface water body. Aliquots of the sample are then placed in a glass pan and 
homogenized according to the quartering method. 

In surface water bodies that are too deep to wade, but less than eight feet deep, a stainless steel 
scoop or spoon attached to a piece of conduit can be used either from the banks if the surface water 
body is narrow or from a boat. The sediment is placed into a glass pan and mixed. 

If the surface water body has a significant flow and is too deep to wade, a BMH-60 sampler or 
dredge sampler may be used. The BMH-60 is not particularly efficient in mud or other soft 
substrates because its weight will cause penetration to deeper sediments, thus missing the most 
recently deposited material at the sediment water interface. 

For routine analyses, the Peterson dredge can be used when the bottom is rocky, in very deep 
water, or when the stream velocity is high. The dredge should be lowered very slowly as it 
approaches bottom, since it can displace and miss fine particle size sediment if allowed to drop 
freely. 

The Ponar dredge is a modification of the Peterson dredge and is similar in size and weight. It has 
been modified by the addition of side plates and a screen on the top of the sample compartment. 
The screen over the sample compartment permits water to pass through the sampler as it descends 
thus reducing turbulence around the dredge. The Ponar dredge is easily operated by one person in 
the same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers 
for general use on all types of substrates. 

Samples being collected for volatile organic compounds (VOC) will be collected first and placed 
directly into the appropriate containers. The remainder of the sample will be placed into the 
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bowl, mixed thoroughly, then distributed to the appropriate containers. The sediment samples 
will be collected from a depth of surface to 3-inches. 

Special Techniques and Considerations 

Collection of Sediment Samples for Acid Volatile Sulfide (A VS) Analysis 

Because the sulfide ion is unstable in the presence of oxygen, the sediment sampling technique 
must minimize the exposure to oxygen during sample collection. During storage sulfides can be 
formed or lost due to biological activity and sulfide can be lost by volatilization or oxidation. 
Metal speciation can change as a result of changes in sulfide concentration and as a result of 
. other changes in the sample. 

A VS samples should be collected in wide mouth jars with a minimum of air space above the 
sediment. If possible, the headspace should be purged with oxygen free nitrogen. The jars must 
have Teflon or polyethylene liners. 

3.3.4 Fish Tissue Sampling Methodology 

Fish tissue samples will be collected by use of a small boat. The preferred fish collection 
methodology will be electroshock with the assistance of NCDENR DWQ ESB or a 
subconsultant. Otherwise fish collection will be by rod and reel or seine. Upon collection of the 
desired fish species, the specimen will be rinsed with surface water from the collection point, 
identified, weighed, measured, catalogued and visually inspected for any lesions or other 
physical abnormalities. After recording this information on field data sheets, the fish species will 
be filleted and collection will continue until the sample weight is obtained. The recommended 
weight for one sample is 100 grams, which may require the collection of more than one 
individual per sample. One sample will be identified when the weight of the combined target 
species is achieved. The combined fish sample will then be prepared for shipment to the 
analytical laboratory. The fish samples will be wrapped in aluminum foil, placed in a waterproof 
freezer bag, labeled, and placed immediately on either dry or wet ice. The fish sample will be 
frozen at the end of the sampling day and shipped to the laboratory following laboratory 
protocols. A chain-of-custody record will be completed by the sampler and included in the 
shipment of the samples to the laboratory. 

Small fish whole body composites will not be filleted. These samples will be collected to 
provide empirical data for the quantification of risks to the piscivorous avian receptor . 
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3.4 Section VI. D .• 16- Proposed Field and Laboratory Procedures for Quality 
Assurance/Quality Control 

3.4.1 Field Quality Assurance/Quality Control Procedures 

All sample collection, sample preservation, and chain-of-custody procedures used during this 
investigation will be in accordance with the approved health and safety plan and the current U.S. 
Environmental Protection Agency (EPA) Region IV, Environmental Investigations Standard 
Operating Procedures and Quality Assurance Manual CEISOPQAM), May 1996. In particular, 
the following sections of the EISOPQAM will be followed during completion of the activities in 
this workplan: 

• Section 3 Sample Control, Field Records, and Document Control (Attachment J) 
• Section 6 Design and Installation of Monitoring Wells (Attachment E) 
• Section 7 Groundwater Sampling (Attachment F) 
• Section 11 Sediment Sampling (Attachment K) 
• Section 12 Soil Sampling (Attachment H) 

Field quality assurance/quality control (QA/QC) will include: 

• One duplicate sample per medium per container type per field day . 

• An equipment rinsate blank for each set of equipment that has been decontaminated per 
sample set. 

• A VOA trip blank for each sampling group. 

Soil and sediment samples for volatile analysis will be collected directly into sample containers 
without mixing. 

All sample locations will be staked or flagged until surveyed. 

3.4.2 Laboratory Quality Assurance/Quality Control Procedures 

The laboratory reports will include at a minimum the items listed below: 

A statement certifying that the laboratory is either certified for applicable parameters 
under lSA NCAC Subchapter 2H .0800, or that it is a contract laboratory under EPA's 
Contract Laboratory Program. 

A signed statement that the samples were received in good condition and at the required 
temperature and that analysis of the samples complied with all procedures outlined in 
USEPA methodology, unless otherwise specified. Any deviations from the methods, 
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additional sample preparation, sample dilution and analytical problems not rectified, will 
be justified in a narrative with the laboratory report. 

Laboratory sheets for all analytical results, including sample identification, sampling 
dates, date samples were received, extraction dates, analysis dates, analytical methods 
used, dilution factors and sample quantitation limits. 

Laboratory sheets for all laboratory quality control samples, including results for bias and 
precision and control limits used. The following minimum laboratory quality control 
sample reporting is required: (a) at least one matrix spike and one matrix spike duplicate 
per sample delivery group or 14-day period, whichever is more frequent (control limits 
must be specified); (b) at least one method blank per sample delivery group or 12-hour 
period, whichever is less; and (c) system monitoring compounds, surrogate recovery 
required by the method and laboratory control sample analysis (acceptance criteria must 
be specified). All samples that exceed control limits/acceptance criteria must be flagged 
in the laboratory report. 

Completed chain-of-custody with associated air bill (if applicable) attached. 

The laboratory report will include the names and qualifications of the individuals 
performing each analysis, the quality assurance officer reviewing the data, and the 
laboratory manager . 

Review toxicity testing methods to determine the potential need to modify the methods 
due to known site contaminant concentrations and analyte "suite." · 

Verify that any analytical methods that will be performed will be capable of achieving 
detection limits specified in the Work Plan. 

3.5 Section VI. D., 17- Proposed Analytical Parameters and Analytical Methods 
for all Samples 

The sampling investigation will include the collection of groundwater, soil, sediment and 
biological tissue samples. All samples will be analyzed for previously detected extractable and 
purgeable organic compounds, and chromium, copper, and arsenic. Dioxin and furan analysis 
will occur only on select soil, sediment, and groundwater samples. If dioxins/furans are detected 
in these select samples, dioxinlfuran analysis will be required for all samples. The samples will 
not be analyzed for pesticides, PCBs, and cyanide. Fish tissue samples will be analyzed 'ror 
previously detected extractable organic compounds and lipid content. The fish tissue samples 
will also be analyzed for dioxins/furans if detected in the proposed sediment samples. 

Please refer to Table 5 for the sediment analyses and Table 6 for the fish tissue analyses. 

Soil, sediment and groundwater analytical methods include: 
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Purgeable (volatile) compounds 
Extractable (semi-volatile) compounds 
Metals (CCA) 
Dioxins/Furans 
Ammonia 
Particle Size 
Salinity 
pH 
Total Organic Carbon 
AVS-SEM 

Fish tissue analytical method includes: 

Extractable (semi-volatile) compounds 
Dioxins/Furans 
Lipid Content 

Method 8260B 
Method 8270C 
SW-846 Methods 
Method 8290 
Method 350.1 
ASTMD422 
ASTMD4542 
ASTMD4972 
Method9060 
Method 68-03-3534 

Method 8270C 
Method 8290 
Method OB\1090 

DRAFT Revision 2.0 
May23,2000 

Sample containers, holding times, and preservation will be as recommended in EISOPQAM 
Appendix A. The following is a description of the analyses and types of containers required: 

Holding 
Analyses Containers Preservative Time (days) 

Purgeable Organics 
Soil/Sediment 2 oz. glass j ar1 Ice (4°C) 14 
Water 40 ml glass1 Sodium Bisufite!Ice ( 4°C) 14 

Extractable Organics 
Soil/Sediment 8 oz glassj~ Ice (4°C) 543 

Water 1 gallon ambe~ Ice (4°C) 477 

Metals 
AVS-SEM 8 ozglassj~ Ice (4°C) 14 
Soil/Sediment 8 oz glassj~ Ice (4°C) 3604 

Water 1 liter polyethylene 50%HN08 180 

Dioxins/Furans 
Soil/Sediment 500 ml amber glass Ice (4°C) 755 

Water 1 liter amber glass2 Ice (4°C) 755 

Fish Tissue Aluminum foil Ice (4°C) 26 

1Teflon Septum Lid 
2TeflonLid 
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354 days: 14 days to extraction, 40 days to anaiysis 
4360 days: 180 days to extraction, 180 days to analysis 
575 days: 30 days to extraction, 45 days to analysis 
6Ifholding time will exceed 2 days then freeze sample 
7 47 days: 7 days to extraction, 40 days to analysis 
8pH<2.0 s.u. 

DRAFT Revision 2.0 
May23,2000 

3.6 Section VI. D .• 18- Contact Name, Address. Telephone Number and 
Qualifications for Principal Consultant and Laboratory 

Principal Consultant: 

Schnabel Engineering Associates, Inc. 
Contact- Gregory B. Kuntz, P.G., Project Manager 
104 Corporate Blvd., Suite 420 
West Columbia, SC 29169 
Telephone: 803-796-6240 
Fax: 803-796-6250 

Schnabel Engineering Associates, Inc. is a North Carolina Corporation, a Registered Engineering 
and Geology Finn (F-0678) with the North Carolina State Board of Registration for Professional 
Engineers and Land Surveyors, and a Registered Environmental Consultant (#00041) under the 
North Carolina Inactive Hazardous Waste Site Program. 

Gregory B. Kuntz is a North Carolina Registered Geologist (#1203) and a Registered Site 
Manager under the North Carolina Inactive Hazardous Waste Site Program. Rich Wargo is a 
North Carolina Registered Engineer (#23435) and the office manager. 
Principal Laboratories: 

Savannah Laboratories and Environmental Services, Inc. 
Contact- James W. Andrews, Ph. D., Project Manager 
5102 LaRoche A venue 
Savannah, GA 31404 
Telephone: 912-354-7858 
Fax: 912-352-0165 

Savannah Laboratories and Environmental Services, Inc. in accordance with the provisions of 
N.C.G.S. 143-215.3 (a) (1), 143-215.3 (a) (10), and NCAC 2H.0800 is certified to perform 
environmental analysis and report monitoring data to the Division of Water Quality, North 
Carolina Department of Environment and Natural Resources. 

Savannah Laboratories and Environmental Services, Inc. will perform extractable and purgeable 
organics, metals and fish tissue analysis. A quality assurance project plan was previously 
submitted in the June 24, 1999 Draft RI . 
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Triangle Laboratories, Inc. 
Contact - Rose West 
801 Capitola Drive 
Durham, NC 27713 
Telephone: 919-544-5729 
Fax: 919-544-5491 

DRAFT Revision 2.0 
May23,2000 

Triangle Laboratories, Inc. in accordance with the provisions ofN.C.G.S. 143-215.3 (a) (1), 143-
215.3 (a) (10), and NCAC 2H.0800 is certified to perform environmental analysis and report 
monitoring data to the Division of Water Quality, North Carolina Department of Environment 
and Natural Resources. 

Triangle Laboratories, Inc. will perform high-resolution dioxinffuran analysis. Triangle 
laboratories quality assurance manual is presented in Attachment (L). 

Ogden Environmental will perform the sediment toxicity testing. The laboratory's quality 
assurance manual is presented in Attachment I. The address and phone number is shown below: 

Ogden Bioassay Laboratory 
5550 Morehouse Drive 
Suite B 
San Diego, CA 92121 
Telephone: 858-458-9044 
Fax: 858-458-0943 

The contact person for Ogden will be Marilyn Schwartz. 

3.7 Section VI. D., 19- Equipment and Personnel Decontamination Procedures 

3. 7.1 Equipment Decontamination Procedures 

Decontamination procedures will be implemented to avoid cross-contamination of samples. 
Sampling equipment will be thoroughly cleaned and decontaminated before initial use and 
between sample locations. 

A designated cleaning/decontamination station will be established prior to beginning remedial 
assessment activities. This decontamination area will be located downgradient and down wind 
from the clean equipment drying and storage area. The decontamination area will consist of a 
polyethylene lined waste pit to contain the rinse water and waste materials until they can be 
collected. At the completion of sampling activities all waste materials and polyethylene will be 
removed from the decontamination pit and disposed in appropriate investigation derived waste 
(IDW) containers. The decontamination pit will be backfilled to original grade . 
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All cleaning of drill rods, auger flights, well screens, and casings will occur over plastic sheeting 
in the decontamination basin using saw horses or other appropriate means. All drilling rigs, 
drilling and sampling equipment, backhoes, and all other associated equipment involved in the 
drilling and sampling activities will be cleaned and decontaminated before entering the 
designated activity areas. The drill rig and drill rods/augers will be steamed cleaned prior to 
drilling each borehole. 

In addition, all well construction materials and tools, downhole sampling tools and associated 
equipment will be cleaned and decontaminated by the following procedures (unless the materials 
arrive on-site, certified clean, and in original undamaged packaging): 

All sampling equipment involved in the assessment activities will be cleaned and 
decontaminated before entering designated activity areas, between samples and prior to leaving 
the site using the following procedure: 

1) 

2) 
3) 
4) 
. 5) 
6) 

Wash equipment thoroughly with laboratory grade, phosphate-free detergent and 
potable water using a brush to remove any particulate matter or surface film. 
Rinse thoroughly with potable water. 
Rinse thoroughly with deionized water. 
Rinse twice with pesticide-grade isopropanol. 
Rinse with organic-free water and allow to air dry . 
Wrap with aluminum foil to prevent contamination, if storing or transporting the 
equipment prior to use. 

Organic-free water should contain no pesticides, herbicides, extractable organic compounds, and 
less than 50 ug/1 of purgeable organic compounds. In addition, no metals or other organic 
compounds should be detected at routine detection limits. Deionized water, organic-free water, 
and isopropanol must be applied using non-interfering containers made of glass, Teflon, or 
stainless steel. 

Following completion of decontamination, if decontaminated equipment touches the ground, it 
will be considered contaminated and require decontamination before use. 

3.7.2 Personnel Decontamination Procedures 

Pre-work and weekly health and safety tailgate meetings will be conducted by the Health and 
Safety Officer assigned for each phase of the investigations. Personnel will be instructed on the 
use of personnel protective equipment (PE). Level D protection will be used in all investigations 
at the site unless conditions warrant an upgrade in personal protection. Personnel will be 
instructed to wear rubber boots, Tyvek suits, and gloves appropriate for the tasks being 
completed .. Instruction will be given on how to provide protection against dermal, inhalation, 
and ingestion of potential contaminated materials. No smoking, eating or drinking will be 
allowed when a potential for exposure is present. At task completion, breaks, or at the end of 
each day, or between individual samples, as appropriate, the PPE will be removed and placed in 
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appropriate IDW containers. Decontamination will consist of a boot, hand, and face wash using 
detergent and potable ·water. A decontamination station including non-phosphate detergent, 
potable water, eye wash, fire extinguisher, first aid kit, emergency first aid guide book, and the 
task-specific health and safety plan will be established adjacent to the decontamination area .. 
Mobile phones will be maintained in most of the work trucks. 

The Health and Safety Officer will be responsible for upgrading the level of protection required 
based on field observations and measurements. If an increase in PE is required, a 
decontamination program will be established that includes the necessary stations, barrier tapes, 
and decontamination and observation personnel. 

3.8 Section VI. D .• 20 - Health and Safety Plan 

A health and safety plan that conforms to OSHA 1910.120 requirements and assures that the 
health and safety of nearby residential and business communities will not be adversely affected 
by activities related to remedial investigation activities was previously submitted in Attachment 
K of the June 24, 1999 Draft RI. 

3.9 Section VI. D •• 21 -Proposed Schedule for Site Activities and Reportin~ 

The proposed schedule for the Supplemental RI is as follows: 

:::::> Submit proposed Supplemental RI workplan May 23, 2000 
:::::> NCDENR review ofworkplan June 23, 2000 
:::::> Correct deficiencies in workplan July 21, 2000 
::::) Begin Supplemental RI workplan fieldwork August 21, 2000 
:::::> Submit Supplemental Workplan report April16, 2001 
The Supplemental Remedial Investigation will begin no sooner than receiving written approval 
of the Investigation Plan from the Division, nor later than thirty (30) days thereafter. 

The AOC requires that the Supplemental Remedial Investigation be submitted within 120 days 
of notice to proceed. An extension is requested for a total of 225 days from notice to proceed. 
This extension request is based on the time required to complete scheduling (15 days), 
monitoring well installation (15 days), two phases of soil/sediment sampling (60 days), 
ecotoxicity testing by the laboratory (90 days) and reporting {45 days). 

3.10 Section VI. D .• 22- Additional Information Considered Relevant 

3.10.1 Additional Technical Comments Specific to Draft RI Report 

The following additional comments will be addressed in an addendum to the Draft RI and 
presented in the SRI: 
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Section 31 Pp. 49-51 

The summary table of detected constituents will be updated to include the absence of sample 
analytical data for any medium. 

Section 32.3 P. 54, Parag. 3 

See Section 3.10.4 below on Land Use Restrictions 

Section 32.4 P.56 Parag. 1 

An addendum to the Draft RI will be prepared indicating As < 50 ug/1, Cr < 50 ug/1, and Cu > 3 
ug/1 (but also detected in background sample). 

Section 32.5 Pp. 57-58 

Please see Section 3.10.4 below. 

3.10.2 Investigation Derived Waste Management 

Investigation derived waste (IDW) materials will be generated during the proposed field 
activities that must be properly managed. Potentially contaminated materials generated will 
include soil, sediment, groundwater, decontamination solution and disposable equipment. Since 
some of these materials may be hazardous wastes, they will be handled, stored, treated and 
disposed of properly. Materials that may become IDW include: 

• Personnel protective equipment (PPE) - coveralls, gloves, respirator canisters, etc. 
• Disposable equipment (DE) - plastic ground and equipment covers, aluminum foil, conduit 

pipe, sample containers, sample boxes, tape, etc. 
• Soil cuttings from drilling, spent carbon, filter sand, etc. 
• Drilling mud or water used in drilling. 
• Groundwater obtained from well sampling, development, APT, etc. 
• Cleaning fluids such as spent solvent and wash water. 

Solid and liquid IDW will be handled separately. Solids and sludge will be placed in a roll-off 
container. Liquid IDW will be placed in DOT approved (17H) 55-gallon drums. The roll-off will 
be covered to prevent accumulation of precipitation and sealed to prevent release to the land 
surface. The liquids that separate from the solids and sludge will be decanted from the roll-off 
container and added to the liquid IDW. The proper hazardous waste and Department of 
Transportation labels will be placed on each container on the first day in which any waste is 
added to the container. A waste generation form will be completed on the first day of waste 
generation. A weekly inspection of the waste containers will occur during the field activities. 
The waste type will be identified and the containers labeled with the proper D.O.T. placards, 
manifested and shipped off-site to an approved waste disposal facility . 
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All non-hazardous IDW will be disposed at the local sanitary landfill at the end of the remedial 
investigation activities. 

3.10.3 DNAPL Recovery 

Initial efforts to evaluate the technological feasibility of partial DNAPL recovery will be 
evaluated during the remedial investigation. Product accumulation has occurred in the vicinity 
of the covered ditch (MW -14 @ I. 91' and MW -26 @ 4 .1') and beneath the wood treatment 
facility at MW-llB (0.23') in the intermediate aquifer. 

Interim actions are proposed to evaluate recovery ofDNAPL from existing well MW-26. It may 
be necessary to install a larger diameter well (6- to 8-inch) to house the product recovery 
equipment. Product recovery will occur utilizing a pump or a belt lift system and a product 
recovery tank. The product recovery system and product disposal will comply with applicable 
regulations. 

3.1 0.4 Land Use Restrictions 

Initial efforts towards submitting a Declaration of Perpetual Land Use Restrictions for both 
parcels of land at the site will occur. The land use restrictions will be accordance with the 
August 1999 Guidelines for Assessment and Cleanup. The land use restrictions are 
recommended so that alternate site-specific remediation goals may be obtained. 

3.1 l Section VI. D., 23 - Signature and Seal of Licensed Professional 

In Southern Wood Piedmont Company's and Schnabel Engineering Associates, Inc. opinion and 
to the best of our knowledge and belief all comments and requirements as listed in the NCDENR 
Draft Rl and SRI Comment Letters and the AOC are addressed in this workplan. 

Piedmont 

c~ 
William Arrants 
Southern Wood Piedmont Company 
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4.0 SUPPLEMENTAL REMEDIAL INVESTIGATION WORKPLAN 
DEFICIENCIES 

DRAff Revision 2.0 
May23,2000 

Within 30 days of receiving notice from the Division (NCDENR) of any deficiency in the 
Supplemental Remedial Investigation Workplan, information or materials sufficient to correct 
such deficiency will be submitted. 

5.0 SUPPLEMENTAL REMEDIAL INVESTIGATION REPORT 

Four copies of the Supplemental Remedial Investigation Report will be submitted within 225 
days of receiving written approval from the Division. The report will be organized in sections 
corresponding to Section VI. G. of the AOC . 
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TABLE 1 - SAMPLE IDENTIFICATION, LOCATIONS, DEPTHS, METHODOLOGY, AND JUSTIFICATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 
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Greenfield Creek Area > 2 feet 
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TABLE 1 - SAMPLE IDENTIFICATION, LOCATIONS, DEPTHS, METHODOLOGY, AND JUSTIFICATION 
SOUTHERN WOOD PIEDMONT AND NORTH CAROLINA STATE PORTS AUTHORITY 

WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 

SD-4D-Dup Sediment 

SD-21 Sediment To determine presence or absence 
of contamination 

SD-22 To determine presence or absence 
of contamination 

Sediment To determine presence or absence 
of contamination 

SD-24 Sediment To determine presence or absence 

SD-25 Sediment 

SD-26 Sediment 

SD-27 Sediment 

SD-28 To determine presence or absence 
of contamination 

SD-29 Sediment To determine presence or absence 
of contamination 

. SD·30 To determine presence or absence 
of connuence with ditch of contamination 

SD-3D-Dup . Sediment Greenfield Creek downstream To determine presence or absence 
of connuence with ditch of contamination 

SD-31 Sediment Greenfield Creek downstream To determine presence or absence 
of connuence with ditch of contamination 

Greenfield Creek downstream To determine presence or absence 
of connuence with ditch of contamination 
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of contamination 

SD-34 Sediment 
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SD-37 Sediment 

SD-38 Wetland area south 
of Covered Ditch 

SD-42-comp Sediment Drainage Ditch 

SD-43-comp Sediment Drainage Ditch toxicity testing 

Sediment toxicity testing 

Sediment toxicity testing 

Sediment toxicity testing 

SD-47.COmp Sediment Sediment toxicity testing 
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WILMINGTON, NEW HANOVER COUNTY, NORTH CAROLINA 
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Table 2. Summary of Screening-Level Ecologicai.Risk Assessment (SLERA)1
'
2 

ERA Steps Status Outcome 
Step 1: Screening-Level 

Site Visit Completed Site visits were completed in 1995 and 1996. Habitat structure and 
ecological community characterizations were perfonned for the 
drainage ditch, Greenfield Creek, and adjacent areas of Cape Fear 
River (including Eagle Island). 
A _gualitative benthic invertebrate assessment was also perfonned. 

Problem Fonnulation Completed Problem fonnulation perfonned and site conceptual model developed 
for drainage ditch, Greenfield Creek, and adjacent areas of Cape Fear 
River. 

Analytical Database Ongoing SLERA prepared based upon analytical data collected from 1985 
through 19954

• These included surface water, sediment, and 
A VS/SEM data. 

Identification of Potential Receptors Completed Evaluated (1) aquatic plants, (2) benthic invertebrates, (3) fish, (4) 
amphibians and reptiles, (5) piscivorous wildlife (birds and 
mammals), and (6) threatened, endangered and rare species; as part of 
the SLERA. Key receptors that were evaluated quantitatively were 
the following: 

• Benthic Invertebrates - direct contact/ingestion of sediments 
• Fish: Spot - indirect food-chain exposure 

• Avian: Great Blue Heron- indirect food-chain exj>_osure 
Toxicity Evaluation Completed Toxicity profiles were provided for COPCs. 

Metals: ER-L values were used. 

PAHs: For the fish, the critical body burden for PAHs was used. For 
the avian receptor, a TRV derived from the literature was used. 

Step 2: Screening Level 
Exposure Estimate Completed Metals: Screen was perfonned using conservative ER-L values. 

The bioavailability of metals was evaluated using AVS/SEM data. 
Metals were not found to be labile in drainage ditch, Greenfield 
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Table 2~ Summary of Screening-Level Ecological Risk Assessment (SLERA)1

'
1 

ERA Steps Status Outcome 
Creek, and adjacent areas of Cape Fear River. 

P AHs: Comparison made to site-specific sediment quality criteria 
b~ed on Equilibrium Partitioning Theory. Most observed P AH 
concentrations were below these values. 
P AH fingerprinting indicated a potential pyrogenic source for the 
PAHs. 

COPC Selection On-going Metals: Screen was performed using conservative ER-L values. 
Metals that were analyzed were not retained as COPCs since levels 
were below conservative ER-L values. 
P AHs: Comparison made to site-specific sediment quality criteria 
based on Equilibrium Partitioning Theory. 
P AHs were principal COPC. 

Input Assumptions Completed Benthic: Conservatively assumed that the organisms were in direct 
contact with the sediments throughout their lives. 
Fish: Conservative biconcentration factors and no biodegradation 
were assumed for the fish. No empirical data were collected. 
Bird: Conservative assumptions for Area Use Factor, bioavailability, 
and dietary consumption were used. Inputs were derived from 
published studies and the Wildlife Exposure Factors Handbook (EPA, 
1993). Exposure via diet was based upon estimated concentrations of 
P AHs in fish. 

Risk Calculations Completed Potential benthic effects evaluated based upon comparison to ER-L 
values for COPCs 
Potential effects to fish receptors were evaluated using hazard 
quotients that were calculated using critical body burdens for the 
COPCs. 
Potential effects to avian receptors were evaluated using hazard 
quotient calculated using TRVs for the COPCs 

Uncertainty Assessment Completed A non-quantitative uncertainty assessment was performed. Sources of 
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Tab_le 2. Summary of Screening-Level Ecological Risk Assessment (SLERA)1•
1 

ERA Steps Status Outcome 
uncertainty were identified that included (1) selection of ecological 
COPC, (2) selection of key receptors, (3) exposure assessment, and 
. (4l the ecological effects assessment. 

Step 3: Baseline Risk Assessment Problem Formulation 
Refine Problem Fonnulation Ongoing Problem fonnulation as described in Step 1 still applies to this Step, 

except for the proposed effort related to the detennination of potential 
sediment toxicity to benthic organisms. 

Refine COPC list Not COPC list developed in Step 2 would still apply to this step and the 
Required subsequent steps. 

Assessment Endpoints Assessment Endpoints as described in Step 1 still applies to this Step 
Conceptual Model Exposure Pathways Ongoing Conceptual models developed for drainage ditch, Greenfield C~eek, 

and adjacent areas of Cape Fear River. Avian receptor relevant only 
to Cap_e Fear River. 

COPC Fate and Transport Ongoing SLERA included discussion of the potential fate ofPAHs due to 
biodegradation in the environment. This discussion will be expanded 
in the subsequent step_s in the ERA. 

Toxicity Evaluation Ongoing P AH toxicity in fish receptor based upon critical body burden. For the 
avian toxicity, a TRY based upon a single P AH toxicity study was 
used. 
Further assessment of critical body burden value in fish and the avian 
TRVs used in the SLERA will be perfonned as part of the new 
project. 
HQs indicated potential toxicity in sediments to benthic invertebrates. 
Sediment toxicity testing is proposed as_ part of ERA Step4-8 

Notes: 

• 

1. Based on report prepared by ChemRisk ( 1996). 
2. Steps 4 through 8 of the EPA guidance (EPA, 1997) is the subject ofthis Work Plan. 
3. Evaluation ofpotentia1 risks based upon hazard quotients suggested that toxicity may be present. Sediment toxicity testing is 

proposed as part of Step 4 of the ERA. 

• 
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Table 3. Summary of Planned Ecological Risk Assessment Activities (ERA Steps 4 and 5) • ERA Steps Outcome 

Problem Formulation Problem formulation and site conceptual model developed for 
drainage ditch, Greenfield Creek, and adjacent areas of Cape 
Fear River. Problem formulation as descnbed in Step 1 still 
applies, except for the effort related to the determination of 
potential sediment toxicity to benthic organisms. 

Analytical Database SLERA prepared based upon analytical data collected from 
1985 through 1995. Relevant data collected since that period 
and as part of the 1999-2000 field effort will be included in the 
updated ERA. 

Identification of Receptors No further refmement will be required. Receptors will include 
the following: 

• Benthic invertebrates - direct contact/ingestion of 
sediments 

• Fish: Spot- indirect food-chain exposure 

• A vi an: Great Blue Heron - indirect food-chain 
exposure 

Assessment and Measurement The assessment and measurement endpoints are updated to 
Endpoints reflect the use of toxicity testing to evaluate the risks to benthic 

organisms. 
Toxicity Testing Toxicity testing of the biologically active zone of sediments will 

be performed with two amphipod species to determine whether 
the risks calculated in the SLERA represent actual effects at the • site. 

Develop DQOs Review toxicity testing methods to determine the potential need 
to modify the methods due to known site contaminant 
concentrations and analyte "suite". 
Verify that any analytical methods that will be performed will 
be capable of achieving detection limits specified in the Work 
Plan. 

COPC Fate and Transport SLERA included discussion of the potential fate ofPAHs due to 
biodegradation in the environment. This discussion will be 
expanded as part of the Work Scope for this phase of the 
project. 

Input Assumptions for Risk Benthic: Risks will be evaluated by using sediment toxicity 
Calculations testing. 

Fish: Empirical data will be collected as part of the proposed 
field program to evaluate potential body burden effects. 
Bird: Exposure assumptions used in the SLERA will be refined 
to reflect site- or region-specific conditions, as well as empirical 
fish concentrations. 

Toxicity Evaluation Further assessment of critical body burden value in fish and the 
avian TR V s used in the SLERA will be performed. 

• 
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Table 4. Summary of Test Organisms for Sediment Ecotoxicity Testing 

Test Species 
Geographic Habitat 

Salinity Sediment AgeofTest Test Endpoint Organism 
Range Preferences .Type Organisms Duration Measured Source 

Hyallela azteca Lakes, ponds, Free 0-15 ppt From 100% sand 7-14 d specimens lOd Mortality and Lab cultures 
(amphipod) streams, burrowing (can tolerate to 90% silt/clay growth 

ditches, sediment to 29 ppt) 
marshes dweller 7-14 d specimens 28d Mortality and Lab cultures 

growth 
Leptocheirus East coast U-shaped 2-32 ppt Fine sand to silty As uniform as 10d Mortality, ability to Wild 
plumulosus burrows in clay possible in age rebuy in clean seds population; lab 
(amphipod) sediments and size (adults) after exposure cultures 

Neonates (<24h) 28d Mortality, growth, Lab cultures 
reproduction 

Chironomus Eutrophic Sediment 0-5 ppt Wide tolerance of First instar (<3d 10-14 d Mortality, growth Lab cultures 
riparius lakes and tube dweller grain size (>90% old) 
(midge) streams silt/clay to 100% Up to 30d Emergence Lab cultures 

sand) 
Chironomus Eutrophic Sediment 0-5 ppt Wide tolerance of Second or third lOd Mortality, growth, Lab cultures 
ten tans lakes and tube dweller grain size (>90% in star head capsule width 
(midge) streams silt/clay to 100% 

sand) 
Note: 
Compiled from Burton (1991), EPA (1998a) and ASTM (1997a-c) 

• • • 
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Table 5. Sediment Sample Locations, Estimated Number 
of Samples, and Analyses. 

Physico-
Location/ Chemical 
Sam_Qies Matrix SVOCs PCDD/F TOC Parameters1 

Cape Fear River 
-Samples solid 0 4 4 0 

- Field Duplicate solid 0 1 0 0 
-MS/MSD solid 0 0 0 0 

- Rinsate Blank aqueous 0 0 0 0 

Greenfield Creek 
-Samples solid 6 2 8 11 

- Field Duplicate solid 1 0 1 2 
-MS/MSD solid 1 0 0 0 

- Rinsate Blank aqueous 1 0 0 0 

Drainage Ditch 
-Samples solid 9 2 11 13 

- Field Duplicate solid 0 0 0 0 
-MS/MSD solid 0 0 0 0 

- Rinsate Blank aqueous 0 0 0 0 

Reference/ 
Background Area 

-Samples solid 2 3 5 6 
- Field Duplicate solid 1 0 0 0 

Notes: 

Benthic 
Invertebrate 

Toxicity 

0 
0 
0 
0 

3 
1 
0 
0 

2 
0 
0 
0 

1 
0 

1. Geochemical Parameters include sediment particle size distribution, salinity, pH, and 
ammonia concentration. 

• 

• 
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Table 6. Fish Sample Locations, Estimated Number 
of Samples, and Analyses. 

Location/ Lipid 
PCDDW Samples Matrix SVOCs Content 

GreenField Creek 
- Fillet Samples3 tissue 3 3 

- Whole Samples3 tissue 3 3 
- Field Duplicate tissue 1 1 

-MS/MSD tissue 1 1 
- Rinsate Blank4 aqueous 1 1 

Drainage Ditch 
- Fillet Samples tissue 1 1 

- Whole Samples tissue 1 1 
- Rinsate Blank aqueous 0 0 

Reference Areas 
- Fillet Samples tissue 2 2 

- Whole Samples tissue 2 2 
- Field Du_p_licate tissue 1 0 

Notes: 
1. Number of samples are estimated and depend upon actual 

abundance and sampling success. 

3 
3 
1 
0 
0 

1 
1 
0 

2 
2 
0 

2. Dioxins/Furans wiH only be analyzed if detected in proposed 
sediment samples. 

3. Composite samples will be prepared for fillets from gamefish, and 
whole-body composites of small prey fish. 

4. Rinsate blanks wiH be required only if the fiHet samples are 
prepared in the field. 

• 

• 
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WAYNE MCDI:VI1T 
SECitCTAI'IY 
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NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES 

Mr. William Arrants, 
Manager of Environmental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 
Spartanburg, South Carolina 29304 

Re: Review and Comment on Submittal: 
Schnabel Engineering Report 
on Remedial Investigation, 
Southern Wood Piedmont -Wilmington Site 
NCO 058 517 467 

Dear Mr. Arrants: 

DM810N 0,.. WASTE MANAGI:NI:NT 

September 3, 1999 

:---- .. - ...... ~·· 
; .. 

: 

.... . .. 
.. : 

Thank you for your timely submittal of the above draft RI report. I have 
reviewed the report for compliance with the terms of the State Deferral 
Administrative Order on Consent, and for factual consistency with the a~ached 
references and other sources of information. Schnabel Engineering has performed a 
thorough collation of the existing analytical data and site investigations completed to 
date. Attached are general comments on the status of remedial investigation of the 
site, as well as specific comments on the contents and findings of the draft RI report. 

SWP is directed to submit a Proposed RI Workplan addressing additional 
sampling requirements within 30 days of receipt of these comments. Following our 
review and comment on the Proposed Workplan, SWP will have 30 days to revise the 
Draft RI Workplan as needed. If you have any questions or scheduling concerns, 
please contact me at (919) 733-2801, Ext. 277. 

Attachments 

cc: Mr. Gregory Kuntz, Schnabel Engineering 
Pat DeRosa 
File 

Sincerely, 

~ 
Stuart F. Parker, Jr. 
Hydrogeologist 
NC Superfund Section 

•at Oa&RLIN llOAD, 8UJT& tSO,Il.\LaiOH, NC ::1.7.08 
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Review and Comment on 
June 1999 Draft Remedial Investigation Report 

Southern Wood Piedmont Site 
Wilmington, New Hanover County, NC 

NCD 058 517 467 

PART 1: GENERAL COMMENTS: 

Stuart F. Parker 
NC Superfund Section 

August 1999 

1) Sampling completed at the site has identified creosote contamination in sediments along the 
site's drainage ditch and lower Greenfield Creek, plus localized creosote contamination at the Cape 
Fear waterfront. Sampling results to date do not indicate that creosote contamination has migrated 
from Greenfield Creek to sediments on the adjacent Cape Fear River bottom. However, creosote
contaminated sediment was evident directiy upstream of the tidal gate within the mouth of the creek. 

2) Arsenic concentrations in the above sediment samples exceeded the State Soil Remediation 
Goal, however, the concentrations were generally in the same range as background levels. Possible 
exceptions were drainage ditch ESI samples SD-03, SD-06 and SD-08, for which arsenic results were· 
qualified as estimated values. The Superfund Section concurs that the arsenic concentrations in 
Greenfield Creek and the Cape Fear River appear to represent ambient conditions . 

3) None of the sediment samples has been tested for chlorinated dibenzodioxins/dibenzofurans. 
These soil contaminants were introduced to the site with the use of pentachloropheno~ and may have 
migrated to the waterways. As part of the RI, selected sediment locations previously sampled during 
site assessment should be resampled specifically for these contaminants, to detennine whether release 

- has occurred to the waterway. Results will indicate whether further evaluation for dioxins/furans is 
needed in the waterways. · 

4) Creosote-contaminated sediment locations identified thus far within the drainage ditch and 
Greenfield Creek are separated by intervals ranging up to several hundred feet. This resolution was 
adequate for site assessment purposes. However, higher-resolution sediment characterization will 
be required to delineate "hot" segments of the ditch and creek bed during Remedial Investigation. 
If dioxins!furans are detected above background at the site assessment sediment sample locations, the 
RI will require higher-resolution sampling for these contaminants as well. 

5) Access routes to lower Greenfield Creek have been posted against trespassing by the State 
Ports Authority, in order to discourage continued fishing there. However the State ofNC requires 
analytical documentation of fish tissue contamination before posting a fish consumption advisory. 
Results ofESI fish tissue sampling were inconclusive. Therefore, fish tissue sampling will be required 
as part of the RI . 

1 



6) The 1996 Human Health and Ecological Risk Assessment report for Southern Wood • 
Piedmont is based on incomplete characterization of the site (see above), and on the presumed 
historical non-use of Greenfield Creek as a fishery, which remains a point of controversy. Human 
health risk scenarios should include fish consumption from the drainage ditch/Greenfield Creek. 

The ecological risk assessment pre-dates the EPA's I 997 Ecological Risk Assessment 
Guidance for Supetjund. Process for Designing and Conducting Ecological Risk Assessments (EPA 
540-R-97-006). RI risk assessment must be in compliance with this guidance, and incorporate the 
results of future RI sampling. 

NC Superfund Section Industrial Hygiene Consultant David Lilley reviewed the Chemrisk risk 
assessment report in June 1996. His technical comments are attached. 

7) US EPA Region IV and State Inactive Hazardous Sites Program (IHSP) personnel agree that 
ecotoxicity testing of drainage ditch and Greenfield Creek sediments is an appropJiate approach to 
evaluating ecological risk at the site. However, they maintain that chronic exposure scenarios will 
be required to complete a satisfactory evaluation. RI ecotoxicity studies and risk detenninations will 
be reviewed by the NC Superfund Section and the NC Division of Water Quality. 

8) Recent groundwater data and observations indicate that additional vertical migration of 
creosote DNAPL may be occurring beneath the site. Although groundwater is not the medium of 
primary concern at this site, the technical feasibility of partial recovery of creosote DNAPL .will be 
investigated during site remediation. • 

9) At presen~ only the deed for the northern (former City ofWilrnington) site parcel contains 
a restriction clause limiting future site use. This clause alone does not satisfy state requirements, as 
out1ined in the August 1999 IHSP Guidelines for Assessment and Cleanup, Appendix D. In the 
event that alternate site-specific soil cleanup goals are to be sought, based on restricted future land 
use at the site, a request for Declaration of Perpetual Land Use Restrictions may be submitted to 
DENR from State Ports Authority as part of the Remedial Action Plan. 

PART ll: TECHNICAL COMMENTS SPECIFIC TO DRAFf RI REPORT: 

Section 5.5 
P. 11, Parag. 4-5: Several of the slug test wells were not screened across the entire thickness of 

their respective aquifer(s). However, the hydraulic conductivity results are 
consistent with the composition of the aquifer materials. 
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Section 5.2 
P. 14, Parag. 5: 

Section 6.2 
P. IS, Parag. 6: 

Section 7.0 
P. 16: 

Section 10.0 
P. 20: 

Section 12.0 
P. 23, Item 3: 

Section 13.16 
Ref. 35, Parag. 5: 

P. 36, Parag. 2: 

Section 13.17 
P. 37, Parag. 5: 

. The tidal gate would not necessarily prevent sediment transport from 
Greenfield Creek to the Cape Fear River, especially during high creek 
dischaJxe events at low river tide. Nor would the gate exclude all swimming 
o~ in the Cape Fear River from entering Greenfield Creek. Immature 
fish characteristically use tributaries to avoid predation and food competition 
in larger water bodies. Note that mature game fish were observed in 
Greenfield Creek, both during the 1997 Expanded Site Inspection and during 
an off-site reconnaissance by the NC Superfund Section on 4/20/99. 

Emergency surface-water intakes on Smith and Toomers Creeks have been 
unused for several decades due to salt water encroachment. 

The references document those environmentally sensitive areas present within 
the study area, but not the specific absence of the other environmentally 
sensitive areas. 

Greenfield Creek was channelized between 1938 and 1949. The on-site 
drainage ditch is not evident in the 1938 photograph, suggesting that 
contaminant migration to the ditch and creek occurred subsequent to that time 

Position of new ditch in relation to covered ditch is unclear from description, 
but appears to be to the south. 

Table 2-S does not list State Soil Remediation Goals for each dioxin and furan 
species. 

Possible semi-volatile contaminant sources > 0.5 mile upstream of site are not 
identified, nor are they specified as being on Greenfield Creek or the Cape 
Fear River. Cite source. 

The indicated changes in total wood-preserving constituent concentrations 
l'tithin the Iandfarm are not evident from examination of Tables 10-1 through 
10-6. Cite samples used in the determination. 

3 
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P. 37, Parag. 7; 
P. 38, Parag. 2: 

Section 13.18 
P. 39, Bullet 1: 

P. 39, BuJJet 3: 

P. 39, Bullet 5: 

P. 39, Bullet 6: 

Section 31 
Pp. 49-51: 

Section 32.3 
P. 54, Parag. 3: 

Parag. 5: 

f Section 32.4 
P. 56, Parag. 1: 

Section 32.5 
Pp. 57-58: 

SS-14 is invalid as a background sample due to likely PAH contamination • 
fromtheWJlmingtonCoaiGasPiantSite, NCD986188 910. SS-16, SS-20, 
and SS-22 through SS-24 demonstrate that P AH is not ubiquitous in the river 
system. Contdbution of site contn"bution to Greenfield Creek is demonstrable 
from sediment samples. 

Copper was detected in surface water, but at concentrations less than the 
Class SC water quality standard. 

See SS-14 comment above. 

Greenfield Creek Tidal Gate is not a barrier against exposure via potential 
sediment migration to the Cape Fear River. 

See game fish comment above. 

Summary table does not indicate the absence of sample analytical data for any 
medium, e. g., Dioxin in Sediment. ·Instances where sampling has not 
occurred should be indicated "NA" 

Deed restrictions for site use do not meet requirements outlined in IHSP 
Guidance, Appendix D. If alternate cleanup goals are to be sought based on 
restricted land use at site, request for Declaration of Perpetual Land Use 
Restrictions by State Ports Authority may be submitted to DENR as part of 
the Remedial Action Plan. 

Same asP. 37, Paragraph 7. 

As< 50ugll; 
Cr<50ugll; 
Cu > 3 ugll, but also detected in background sample. 

Creosote DNAPL exists beneath both southern and northern parcels of the 
site. The DNAPL apparently has already fully penetrated the peat layer and 
has begun pooling at the base ofthe intermediate (sandy) aquifer. Coarseness 
of the sandy aquifer materials and continued product mobility indicate the 
potential for some product recovery in areas of significant DNAPL thickness . 

4 

• 

• 



• 

• 

• 

June 17, 1996 

TO: Jack Butler 

FROM: David Lilley y B L 
RE: Comments prepared on the Human Health Risk Assessment 

for the Southern Wood Piedmont Site, Wilmington, NC 
May 29, 1996 

After reviewing the above mentione~document, Z offer the 
fo~lowing comments: 

1. Page ES-1, second paragraph, next to the last sentence: It 
is stated that true risks may be zero. There is no such 
thing as zero risk, risk is either above or below acceptable 
levels. 

2. Table 3-3: The unites for the Inhalation Unit Risk Value 
should be (ugfm3

) -
1

• 

3. Table 3-3: The Znhalation Slope Factor for 
Benzo(b)fluoranthene should be 6.10E-01, not 6.10E+OO as 
written. 

4. Tables 3-3 and 3-4: Was EPA-ORO consulted before 
extrapolating from the oral SF to inhalation SF (Table 3--3) 
and inhalation RfD to oral RfD (Table 3-4)? Such a 
consultation (and the appropriate documentation) will be 
necessary before these extrapolations can be accepted. 

5. Tables 4-1 and 4-2, Lung Deposition Fraction (LDF): It is 
unclear to the reader where this factor used. According to 
EPA, this factor is to be used when extrapolating from an 
oral toxicity value to an inhalation value (under the 
guidance of EPA-ORO). See comment #4. 

6. Table 4-9: The units for the dermal permeability 
coefficients are cmfhr, not cm2fhr as written. 

7. Table 4-5: Benzo(k)fluoranthene is listed on Table 2-3 as a 
COPC for Surface soil, but there is no Exposure Point 
Concentration (EPC) listed in Table 4-5. Please_explain 
this inconsistency. 

8. Tables 4-4 and 4-7: There is an EPC for groundwater listed 
for phenanthrene in these tables, but phenantb+~ne is not 
listed as a COPC in groundwater in Table 2-6. Pl-ealie 
explain this inconsistency • 



9. Appendix B, Industrial scenario (typical) page 11: The EPC 
for benzene (according to Table 4-7) is 0.006, not - as • 
listed on this page. Please make the appropriate 
correction • 

. 10. Appendix B, Industrial Scenario (high end) page l: The EPC 
for benzene (according to Table 4-7) is 0.009 1 not - as 
listed on this page. · Please make the appropriate 
correction. 

11. Appendix B, Trespasser Scenario (typical), pages a, 10, and 
11: The concentration of 1.5E+OO mg/kg for 
benzo(k)fluoranthene does not appear on Table 4-5 (Exposure 
Point Concentrations). Please explain this inconstancy. 

12. Appendix B, Trespasser Scenario (high end), pages 2, 4, and 
5: The concentration of 1.9E+OO mg/kg for 
benzo(k)fluoranthene does not appear on Table 4-5 (Exposure 
Point Concentrations). Please explain this inconstancy. 

13. It is recommended that an Exposure Point Concentration 
summary table be added to Chapter 4 for the landfarm area. 

dl/DL/ra.com/69,70 
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NORTH CAROLINA DEPARTMENT OF 
ENVIRONMENT AND NATURAL RESOURCES 

DIVISION OF WASTE MANAGEMENT 

Mr. William Arrants, 
Manager of Environmental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 
Spartanburg, South Carolina 29304 

February 4, 2000 

Re: Review and Comment on October 1999 
Draft Supplemental RI Workplan, 
Southern Wood Piedmont- Wilmington Site 
NCD 058 517 467 

Dear Mr. Arrants: 

/Plrr:~tu~tefill 
Fr:R (} !/}; 

... • •• I 8 2000 
SOUTHERN Woo . 

DPtEDMONT 

Thank you for your patience during our review of the draft Supplemental RI 
Workplan. The attached comments reflect input from various personnel in the NC 
Superfund Section, as well as the NC Division of Water Quality and the US EPA 
Region IV. 

Now that the site is moving from Assessment to Remediation, State 
Applicable Relevant & Appropriate Requirements (ARARs) apply to all contaminated 
media at the site. For this reason, in addition to surface water pathway concerns, the 
review and comment contains additional discussion of groundwater conditions at the 
site, and requirements identified for additional evaluation of this medium during the 
RI. Compliance requirements and conditions of variance are detailed in NCAC Title 
15A, Subchapter 2L, Sections .0106 and .0113 

1646 MAIL SERVICE CENTER, RALEIGH, NOI'ITH CAI'IOL.INA 27SIIII•IS41J 

401 OBEI'ILIN ROAD, SUITE I SO, RALEIGH, NC 27SOS 

PHONE 11111·733·41198 FA.X 1119·715·3605 

AN E.::!UAL OP'P'OIITUNITY I A"l'll't .. ATIY! ACTION EM .. LOYEI't • SO"'o l't!CYCL.EOIIO" •OST•CONSUME• •••!• 
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Mr. Arrants 
February 4, 2000 
Page.2 

SWP is directed to submit a Revised RI Workplan within 30 days of receipt of the attached 
comments. If you have any questions or scheduling concerns, please contact me at (919) 733-2801. 

Attachments 
cc: Gregory Kuntz, Schnabel Engineering 

Dan LaMontagne, NC Superfund Section 
Luis Flores, US EPA Region IV 
File 

Sincerely, 

~ 
Stuart F. Parker, Jr. 
Hydrogeologist 
NC Superfund Section 



PART I: 

Review and Comment on 
October 1999 Draft Remedial Investigation Workplan 

Southern Wood Piedmont Site 
Wilmington, New Hanover County, NC 

NCO 058 517 467 

Stuart F. Parker 
NC Superfund Section 

January 2000 

CLARIFICATION OF GROUNDWATER REQUIRE:MENTS 

Summ1ry of Groundwater Conditions: 

Due to a limited number of groundwater receptors, groundwater contamination was not 
identified as a priority concern at this site during federal Site Assessment. However, the promulgated 
State of North Carolina Administrative Code, Title 15A, Subchapter 2L, requires that any 
contaminated groundwater in NC be restored to state standards to the extent that is technologically 
and economically feasible. This ARAR applies to State-deferred sites as well as to NPL-listed sites. 
Groundwater contamination at the Southern Wood Piedmont- Wilmington site must be thoroughly 
characterized prior to consideration of groundwater remedial alternatives. 

Southern Wood Piedmont's contractors have perfonned extensive groundwater investigations 
to date at the WJ.lmington site, installing approximately thirty-six monitoring wells during 1992-1993. 
The US EPA, Region IV installed twelve additional monitoring wells during the 1997 Expanded Site 
Inspection (ESI). Subsurface explorations have delineated an upper sand aquifer unit and a lower 
sand aquifer unit, separated from one another by a semi-permeable peaty clay layer. Between these 
surficial units•and the underlying bedrock aquifer is a low-permeability clay layer, however, this clay 
layer is discontinuous beneath the southernmost portions of the site. 

Dense non-aqueous phase liquid (DNAPL) creosote has accumulated within the upper sand 
and peaty clay and has more recently been detected in the lower sand unit. Groundwater in both sand 
units contains semi-volatile organic compounds (SVOCs) exceeding state groundwater standards. 
At the south end of the site, where the lower sand unit contacts bedrock, SVOCs have also been 
detected in bedrock monitoring wells. 

1 
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Unresolved Groundwater Issues: 

The NC Superfund Section, Site Evaluation and Removal Branch has reviewed the geologic 
data summarized in the 1996 Phase m Groundwater Quality Assessment, the July 1997 Expanded 
Site Inspection and the June 1999 draft Remedial Investigation. As recommended by US EPA 
Region IV, the NC Superfund Section's Federal Remediation Branch assisted in identifying additional 
data requirements for completion of the Remedial Investigation. The NC Superfund Section has the 
following comments regarding the status of groundwater investigation at the site: 

1. Although no DNAPL has been reported in upper sand monitoring well MW-11, the well 
screen is set approximately 5 ft above the top of the peaty clay layer. However, the boring . 
log reported creosote saturation beneath the screened interval, indicating potential DNAPL 
accumulation there. DNAPL has also been detected at MW-llB, within the lower sand unit. 

2. The boring log and screen depth interval forMW-12 do not preclude the presence ofDNAPL 
at this location within the upper sand aquifer. 

3. No DNAPL has been detected in the lower sand unit at MW-14A. Ho·wcver, this well screen 
also has been placed too high to detect the presence or migration of DNAPL. 

4. Measured DNAPL thickness in the upper sand unit is greatest at MW-26. However, no 
exploration or well installation has taken place at the corresponding location within the lower 
sand unit. 

5. Witltjn the upper sand unit, no DNAPL was observed in monitoring wells located north and 
south ofMW-14. However, no test borings or wells were completed within several hundred 
feet north and south ofDNAPL well MW-26. Within these unexplored areas, the surface 
topography of the peaty clay layer may vary from that interpolated from other monitoring well 
locations (Phase III report). In such an event, additional DNAPL accumulation might have 
occurred in proximity to the site's eastern property line. 

6. The above observations indicate that the quantities and extent of creosote DNAPL within 
both sand aquifer units are under-represented by existing data. 

7. In contrast to SWP's results, ESI sampling detected aqueous SVOCs in upper sand wells 
MW-30 and MW-34, in lower sand well MW-29A, and in bedrock wells MW-33 and MW-
36. These results indicate that the southern limits of the groundwater contaminant plumes 
have not been fully delineated · 
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8. During the ESI, polychlorinated dibenzodioxins and dibenzofurans were detected in on-site 
surface soil samples. Toxicity Equivalent Values (TEQs) exceeded the 1 part-per-billion 
State Remediation Goal in samples from· the Landfanning area and the Production area. 
Specific dioxin and furan congeners also exceeded Remediation Goals in soil at the Covered 
Ditch area, and at the extreme south end of the site. No subsurface soil or groundwater 
samples from the site have been tested for dioxin or furan congeners. 

B: ADDITIONAL REl'vfEDIAL INVESTIGATION ACTIVITIES: 

1. DNAPL Delineation: The areal extent and thickness of creosote DNAPL in both sand aquifers 
must be further characterized by subsurface exploration in the periphery of known DNAPL 
locations. Explorations should further delineate the peaty clay layer's upper surface 
topography, and provide additional data on the DNAPL's physical condition and mobility. 
Within the upper sand unit, use of direct-push exploration technology is encouraged in order 
to maximize coverage while reducing expenses to Southern Wood Piedmont. Exploration 
of the lower sand unit must not result in additional vertical migration of DNAPL or 
contaminated groundwater. 

2. Groundwater sampling: Although polychlorinated dioxins and fb:-ans are relatively immobile 
in soil, sampling will be necessary to rule them out as site-specific groundwater contaminants. 

• 

Sampling will be limited to the upper sand wells located closest to the four "hit" surface soils, • 
in the Production area (MW-12), the Covered Ditch area (MW-14), the Landfann area (MW-
40) and adjacent to Greenfield Creek (MW-34). Monitoring well MW-17 will be used as a 
control sample. Monitoring wells will be purged and sampled using low-flow technology. 

· Strict care must be taken to avoid accidental contamination of the samples. If no elevated 
dioxin/furan congener concentrations are detected, then no additional groundwater sampling 
will be required for this class of contaminants. 

3. Surface Soil Sampling: Collect additional surface soils near SD-14, in the wetland area south 
of.the Covered Ditch area. Collect off-site background wetland sample(s) for comparison. 

4. Obtain Off-site Groundwater Data: Contact Amerada Hess and Paktank environmental 
representatives to detennine whether these facilities have generated groundwater data which 
might be used to further characterize groundwater conditions at the site. 

3 • 



• PART II: TECHNICAL COMMENTS SPECIFICTO DRAFT·RI WORKPLAN: 

Section 3.2.1-Sediment Sampling: 

1. Sediment resampling for dioxins/furans should be conducted (except for backgrounds) at 
locations where elevated site contaminants (SVOCs) have previously been detected (See 
Table 1 comments below). 

2. It is inferred from the first paragraph that collection of fish tissue samples will not occur until 
after sediment dioxin/furan results have been reviewed. 

3. Sample spacing of200 ft is adequate for RI-stage delineation of"hot" segments in the ditch 
and creek systems. 

4. As indicated in the Draft RI Workplan, the Reference (background) sediment sample on 
Greenfield Creek will be located far upstream of the railroad bridge crossing,. 

Table 1-Sample identification: 

1. Note that large amounts of disposed or wind-blown paper and other solid waste have been 
observed in the drainage ditch where SD-01-DF is proposed . 

• 2. Resample SS-IOA location for dioxins/furans instead ofSD-09. 

• 

3. Cape Fear reference sediment sample SS-16-DF should be located farther upriver from the 
slip area, to avoid potential contamination from on site, but not far enough upriver to be 
contaminated by the Wilmington Coal Gas Plant site . 

4. Resample SS-19 or SS-21 location for dioxins/furans instead of SD-11. 

5. Because fish are mobile organisms, fish caught anywhere in Greenfield Creek could 
potentially have been exposed to site contaminants. The Greenfield Lake dam separates the 
respective creek and lake fish communities. Greenfield Lake does not match the hydrologic 
characteristics of the drainage ditch and Greenfield Creek, but is the only segment of that
drainage where fish aren't potentially contaminated by the site. Reference fish samples (BI0-
16, BI0-21) should therefore be collected a) from Greenfield Lake and b) from·a separate 
Cape Fear tributary similar to Greenfield Creek but less likely to be contaminated. · 

4 



Human Health/Ecological ~sk Assessment: 

1. Use ofHyallela azteca is considered appropriate by EPA for chronic ecotoxicity studies. 

2. NC Division ofWater Quality personnel will assist in the oversight offish tissue collection 
and will review the ecotoxicity study and risk assessment methodology and results. 

3. The NC Division ofWater Quality, Environmental Sciences Branch, has reviewed portions 
of the Draft RI W orkplan. Their comments are attached~ 

Data Quality Obiectives: 

1) The NC Superfund Section's sample quality assurance representative has reviewed 
Attachment D of the RI Workplan, and concurs that the analytical laboratory's QA program 
is appropriate for participation in the Remedial Investigation. 

5 
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January 7, 2000 

Post·it• Fax Nolc 7671 0310//7 II' Ol ,. P:ltj\:".i -z.. 

To: Hanna Assefi, DWM 
To I-!411Htt Asse/A. Frorn 'SA--~ 11-t.•rtt.f" 
CoJO(Ipl. ]) W ltf Co. 

Through: Matt Matthews, ESB r'· 
,.... 

Phon: r Pho'le II 
7'3~ .. 2-/'3 4, 

F110 I";J• r 

From: Sandy Mort~ 
DWQ, ESB ---··---·- ----- ···--· 

Subject: Review of Supplemental Remedial Investigation WP 
Southern Wood Piedmont Co. 
Draft document dated Oct. B, 1999 

Section 3.2.3 Fish Tissue Sampling 
• It is recommended that fish tissue sampling follow procedures utilized by ESB/DENR when 

assessing potential human health impacts. Mark Ha!e ((919} 733·6::·~5) of ES6 may be 
referenced for appropriate procedural guidelines. 
• ESB utilizes procedures that reference USEPA documents. 
• 3 trophic levels of fish are recommended for sampling, with fish of simHar size ar:d 

weight, used for composi~ing. 
• Selected fish species should mirror those typically consumed by re::reational . 

fisherman. Mark Hale can recommend species fer each trophic level. The size cf fish 
should be similar to those typically consumed by recreational (!sherman. 

• Individual fish species collected for composites should be of similar size/weight 
range. A specified number range of individuals should be used for compositlng (i.e., 
3~5 Individuals/composite). 

• Background areas should mirror the habitat and water quaiity characteristrcs of the 
site sampling locations so as to be affected by similar contaminant fate ar.d tra:-~sport 
mechanisms, as well as similar organism ex;>csure characteristics. 

• Single composites from each sampling location may not be adequate to provide 
reliable data for evaluation. 

Summary of SLERA 
• Bl.lllet #1: The use of AVS/SEM is referenced for evaluation of sediment metal toxicity. 

Although t~is operationally defined parameter has proven to accurately predict sediment 
metal toxicity it is very difficult to collect and analyze samples in a manner that does not 
bias the results. caution is recommended in the evaluation of thls data, wlt.'l emphasis 
placed on the review of the sample collection/handling techniques, as well as the 
analytical procedures u~ilized. Review of this data should be performed by personne! with 
a working familiarity of AVS/SEM theory and techniques (E53 personnel). 

• Bullet #2: Reference is made to community composition assessments made for ber;thic 
macroinvertebrates in ditch/creek sedimen~. Who performed this work? Did it follow 
USE?NNCDENR protoccls? Was the grcuo certified to perform this wcri< in NC? 
• Review of these results by ESB personnel is recommended if the data referenced was 

not generated by DWQ. 

• Bullet #3: The further investigat:on of direct cor:tact and ingest!on cf seei~ents by 
: benthic: invertebrates when HQs exce~ 1 is sup~rted. 



Page 9, Analytical Database . • 
• Early analytical data ( <1990-92) should be evaluated carefully for detettion limits (DLs), 

sample collection and handling techniques, analytical protocols, and QA/QC protocols to 
insure that it meets current program standards. Any data that does not meet standards 
may be used qualitatively. 

• Supplemental Field Sampling: Standardized toxicity test methods (USEPA, ASTM, 
NCDENR) should be used for all media. Tests should be performed by laboratories well 
versed and accustomed to this type of testing. State certifications should be in place for 
applicable toxicity test methods (NCDWQ does not provide certification for sediment 
toxicity testing). Laboratories with sediment certifications from other states or agencies 
are re-::ommended, or as an t~lternative, provide documentation to support a history of 
method perfcnr.ance. 

Page 10, Composite Samples for Toxicity Testing 
Sediment collection and handling methods should renect current USEPNASTM 
procedures to Insure the integrity of the sediment and potentlal contaminants a;e 
retBined for toxicity testing. 

Page 11, Identification of Receptors 
• Have terrestrial recepto~ been ruled out via exposure pathway? Is there potential for 

prey on aquatic invertebrates, fish? 

· Page 11, Assessment Endpoint No. 1, Corresponding Measurement Endpoints 
• Bullet #2: Organisms used for toxicity testing should be chosen to be representative of • 

species expected to be supported on the site (salinity requirements, habitat type), wpile 
marn~ir.ing the recommendation of using "standardized" testing proceeures. 

• 
~-· ·-., .. - ' ...... ~ _____ ..... 
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P. 0. Box 5447 
Spartanburg, S.C. 29304 
Phone:(~) 599-1070 

FAX: (864) 599-1087 

Southern Wood Piedmont Company 

March 6, 2000 

Mr. Stuart F. Parker, Jr. 
Hydrogeologist 
NC Superfund Section 
Division of Waste Management 
NC Department of Environment and Natural Resources 
401 Oberlin Road, Suite 150 
Raleigh, NC 27605 

RE: Response to Comments on NCDENR February 4, 2000 
~ Letter on Draft Supplemental RI Workplan 

Southern Wood Piedmont- Wilmington Site 
NCD 058 517 467 
Schnabel Project #979007.A.18 

Dear Mr. Parker; 

Schnabel Engineering Associates, Inc. and Southern Wood Piedmont (SWP) are pleased to 
respond to the February 4, 2000 letter from NCDENR concerning the October 1999 Draft 
Supplemental RI Workplan. After detailed review of the comments, we feel that it would be best 
to respond to the comments in letter fonnat instead of preparing a revised Supplemental RI 
Workplan at this time. The revised Supplemental RI Workplan will be completed following 
NCDENR review of this response letter. In our telephone conversation with NCDENR on 
February 23, 2000 it was confirmed that this would be an acceptable approach. 

RESPONSE TO COMM:ENTS 

A response to each comment is provided below. The response follows the order listed in the 
February 4, 2000 comment letter from NCDENR. 

Page 2, Unresolved Groundwater Issues 

Bullet 1 An upper sand monitoring well will be installed adjacent to MW-11 that is 
screened to the top of the peat to evaluate accumulationlpumpability of product. 
See Figure 1 for the proposed well location. ;• 



• BuUet2 

Bullet3 

Bullet 4 

Bullet 5 

• 
Bullet 6 

Bullet 7 

• 

Review and Comment on NCDENR February 4, 2000 
Letter oli Draft Supplemental RI Workplan 

SWP-Wilmington Site 
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An upper sand monitoring well will be installed adjacent to MW-12 that is 
screened to the top of the peat (Figure 1). 

A review of boring log information has indicated that installing a lower sand 
monitoring well adjacent to MW-14A to define the DNAPL extent at the base of 
this aquifer is not necessary (Figure 1). The attached boring log for monitoring 
well MW-14A indicates that no free phase constituents are present at this 
location. As indicated on the boring log, only a slight odor was observed. The 
organic vapor analyzer (OVA) indicated a decreasing trend in measured organic 
vapors from the top of the lower sand immediately beneath the peat toward the 
base of the lower sand. 

A double cased lower sand monitoring well will be installed adjacent to MW-26 
that is screened on top of the lower clay (Figure 1). The surface casing will be 
completed into the peat layer. 

Direct push cores (approximately 36) will be completed on 100-foot centers in the 
vicinity ofMW-11, MW-12, MW-14, MW-22 and MW-26 (Figure 1). The direct 
push cores will be obtained using a Geoprobe rig north and west ofMW-26. In 
the wetland area east and south of MW -26 the use of a manually operated direct 
push coring device will be required. The cores will be described for the presence 
and absence of DNAPL, the pumpability of the DNAPL and the depth to the top 
of the peat. The ground surface elevation and horizontal position of each direct 
push borehole will be surveyed. The elevation of the top of the peat will be 
plotted on a plan map to evaluate the direction of potential DNAPL migration and 
pooling in this area. 

The data generated by Bullets 1 through 5 will be used to evaluate the quantities 
and extent ofDNAPL within both sand units on site. 

Black and Veatch did not sample MW-30 during the ESI. The most recent data 
collected from MW-30 (2/27/98) indicated that all SVOC's were below laboratory 
detection limits. In our opinion the groundwater impact extent in the upper sand 
has been defined in this area. 

Along with ·the ESI sampling results, SWP's data also indicated exceedance of 
remedial goals in the upper sand at MW-34 adjacent to Greenfield Creek. 

Along with the ESI, SWP's groundwater sampling results also indicated 
exceedance of remedial goals in the lower sand at MW-29A. 

Bedrock well MW-33 has detected SVOC constituents, however, all detected 
constituents are below the preliminary remediation goals for the site. As such, the 
extent of groundwater impact has been defined in this ··area. .· 



Pagel 
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Bedrock well MW-36 was below the preliminary remediation goals for all 
'constituents during the ESI sampling event. During SWP's most recent sampling 
; event 2-methylnaphthalene and naphthalene were detected at concentrations that 
: exceeded their preliminary remediation goals. 

To evaluate these concerns all wells at the site will be resampled for previously 
detected constituents. Water levels will be collected from all welts at various 
. times through a full tidal cycle to evaluate the effect that the new tidal gate has on 
the groundwater flow. 

Pactank environmental representatives will be contacted to determine if they have 
generated groundwater data which might be used to further characterize the 
groundwater conditions south of Greenfield Creek If wetts are present on their 
facility, it will be requested that SWP be allowed to measure groundwater levels 
in these wells to evaluate the direction of groundwater flow south of Greenfield 
Creek. The water level in these wetts will be measured across a full tidal cycle 
with the on-site wells. 

Staff gauges will be installed along Greenfield Creek and surveyed to aid in the 
evaluation of groundwater flow relative to Greenfield Creek. 

Subsurface soil samples wiJJ be collected at locations were surface soils indicated 
dioxin/.furan results that exceed remediation goals at the site. The·subsurface soils 
will be collected at a depth greater than 2 feet below land surface but above the 
water table and analyzed for dioxin/furans. Subsurface soil samples wiJJ be 
collected at the following locations (Figure 2): 

SS-13 Exceeded remediation goal for OCDD and OCDF 
SS-17 Exceeded remediation goal for OCDD and OCDF 

. SS-06 Exceeded State Remediation Goal 
SS-14 Exceeded State Remediation Goal 
SS-2 Background sample 

Groundwater samples will be collected at locations were surface soils indicated 
dioxinl.furan· results that exceed· remediation goals at the site. The groundwater 
samples will be collected using low-flow (minimal drawdown) technology to 
minimize collecting suspended particles in the samples and sampled for 
dioxins/furans. Groundwater samples will be collected at the following locations 
(Figure 1): 

MW-12 Production Area· 
.:. MW-14 Covered Ditch 
·' MW-34 Greenfield Creek Area 

MW-40 Landfarm Area 
. MW-17 Background 

• 

• 
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Page 3, Section B-Additional Remedial Investigation Activities 

Bullet 1 · 

Bullet 2 

Bullet l· 

Bu1let4 

" 

'·. 

DNAPL delineation is required in the vicinity of the covered ditc~ production 
'area and the large storage tank area. Please refer to Figure 1. 

Direct push cores are recommended to define the pumpable DNAPL areal extent 
in the upper sand. As previously stated in Bullet 5 on Page 2 of this letter, direct 
push cores will be collected on 1 00-foot centers in the vicinity of the covered 
ditch, the production area and the large storage tank area. 

Since DNAPL migration should be vertically downward from the upper sand to 
the lower sand, double cased wells will be installed in the lower sand directly 
beneath areas ofpumpable free product accumulation in the upper sand completed 
on top ofthe next low-permeability stratum (i.e. lower clay). 

Following DNAPL delineation, a product recovery test will be performed 
adjacent to MW·26 to determine the physical condition and mobility of the 
product. A larger diameter (6-inch) well may be required at MW-26 to perform 
the product recovery test. 

Please refer to Bullet 8 on page 3 of this letter . 

It is suggested that three additional sediment samples (SP-36, SD-37 and SD-38) 
be collected in the vicinity of SD-14 (Figure 2). One sediment sample (SD-39) 
will be collected in an off-site wetland area for background comparison. The 
samples will be analyzed for previously detected constituents. 

Both Amerada Hess and Paktank environmental representatives will be contacted 
to determine whether these facilities have generated groundwater data which 
might be used to further characterize groundwater conditions at the site. 

Page 4, Part ll-Technical Comments Specific to Draft RI Workplan 

Section 3.2.1-Sediment Sampling 

Bullet l 
.• 

Reference s~mple SD-01 will not be collected due to the large amount of wind· 
blown paper and other solid waste in the drainage ditch. An attempt to find a 

~ suitable alternate location will be made. If no other suitable ditch reference ·· 
sample can be located, the reference sample at BK-S 1 below the dam at 
Greenfield Lake will be used for both the ditch and the creek (Figure 2). 

SS-lOA will be resampled for dioxins/furans instead ofSD·09 (Figure 2). 
,. . 

· The Cape Fear reference location will be located 500 feet north of the northern -;. 
drainage ditch (Figure 2). 
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Bullet 2 

Bullet 3 ·, 

Bullet 4 · 

SS-19 and SS-21 will be resampled for dioxins/furans instead of SD-11 (Figure . 
2). 

It is correct that fish tissue sampling will not occur until after the Phase I 
dioxin/furan sediment samples have been reviewed. This is because if 
dioxins/furans are detected in the sediment samples then the fish will also be 
sampled for dioxins/furans. 

Sediment sampling will occur as proposed on a 200-foot spacing to delineate 
"hot" segments of the creek and ditch system. 

The reference sample on Greenfield Creek will be collected as far upstream from 
the railroad bridge as possible. 

Page 4, Table 1-Sample Identification 

Bullet 1 

Bullet 2 

Bullet 3 

Bullet 4 

Bullet 5 

See Bullet 1 Section 3.2.1-Sediment Sampling on Page 4 of this letter. 

See Bullet 1 Section 3.2.1-Sediment Sampling on Page 4 of this letter. 

See Bullet 1 Section 3.2.1-Sediment Sampling on Page 4 of this Jetter. 

See Bullet 1 Section 3.2.1-Sediment Sampling on Page 4 of this letter. ' . 

Reference fish tissue samples will be collected from Greenfield Lake and from a 
separate Cape Fear River tributary similar to Greenfield Creek but less likely to 
be contaminated by site constituents. Barnard's Creek downstream of the site and 

. Smith's Creek upstream of the site will be evaluated for potential reference fish 
samples that are similar to Greenfield Creek. Both creeks drain populated areas 
of Wilmington. If these creeks are not satisfactory, additional creeks on the west 
bank of the Cape Fear River will be explored. We will obtain NCDENR 
concurrence prior to sampling the selected reference creek. 

· Page 5, Human Health/Ecological Risk Assessment 

B1,11let 1 Hyalel/a azteca will be used for the chronic ecotoxicity studies. While NCDENR 
did not comment on our proposed use of Chironomus as the second chronic 
toxicity test specie, it is our belief that it would be preferable to secure toxicity 
test results from two organisms for weight of evidence considerations. This will 

. help to minimize uncertainty of test results. 

• 

• 

Bullet2 Inl"k addition to the NC Division of Water Quality pr~viding oversight, we wo
11
utd •. 

, 1 e to evaluate the possibility of utilizing their personnel and equipment to co ect 
the fish. 
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• 

,-Bullet 3 No response required. 

Page s.- Data Quality Objectives 

Bullet 1 No response required. 

Page 6, Section 3.2.3 Fish Tissue Sampling 

Bulletl'-

Bullet 2 

Bullet 3 

Bullet 4 

Bullets 

Bullet 6 

Bullet 7 

We will contact Mark Hale of ESB (919-733-6946) and follow ESB/DENR 
procedures when assessing potential human health impacts. 

The procedures utilized during this study will reference USEP A documents. 

NCDENR commented that "3 trophic levels of fish are . recommend~ for 
sampling, with fish of similar size and weight, used for compositing." It should 
be recognized tha~ while every attempt will be made to capture 3 trophic levels of 
fish in Greenfield Creek and in the Drainage Ditch, it is unlikely that this many 
trophic levels are present as resident species in this system. Because a 
Department representative will be present during the electroshock collections, 
they will be able to see ftrst hand the degree of actual specie diversity . 

Similarly, the Department commented that "Selected fish species should mirror 
those typically caught by recreational anglers." Again, to the extent that such 
species are present and can be collected using electroshock techniques from this 
system, the State's recommendation will be completed. 

This will be a goal of the fish sampling procedures. 

Agree, but how does this relate to the earlier reference area comment concerning 
Greenfield Lake? If the lake is used as a background sampling location, then the · 
types and sizes of the fish caught there may not be comparable to Greenfield 
Creek. 

Agree, but may be a necessity. Additional composite samples will be collected, if 
possible. 

Page 6, Summary SLERA 

Bullet 1 

Bullet 2 

The Department's recommendations concerning the collection of AVS/SEM 
sampling data are prudent The NC ESB personnel will be consulted on the 
appropriate sample collection/handling techniques as well as the analytical 

· procedures utilized . 

In late 1995 to early 1996, a ChemRisk ecologist peifonned a limited survey of ,. 
benthic macroinvertebrates in the Ditch/Creek system for the purpose of 
qualitatively examining the composition of the local infaunal community. The 



Bullet 3 
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Department's cautionary guidance regarding the use of standardized toxicity 
testing methods · and selection of laboratories pertaining to organism toxicity 
testing is prudent. At the time the limited survey was completed ChemRisk was 
unaware of any requirements for certification to perfonn this work in North 
Carolina. Appropriate methods at the time were employed. Review of this data 
presented in the SLERA by ESB personnel is recommended to evaluate the 
acceptability of the data by NCDENR. 

Agree. No response is required. 

Page 9, Analytical Database 

Bullet 1 

Bullet 2 

The majority of the pre-1990 through 1992 data was collected by NC selected 
consultants completing Preliminary Assessments and Site Screening 
Investigations for the State. It is assumed that the consultants would have used 
data validated to the standards at the time. We don't agree with the qualitative 
comment unless the analytical methods or QC data were questionable. 

Agreed, ASTM methods will be used. Specific methods are listed in the existing 
workplan. We will get the selected laboratory to submit a QAJQC plan with the 
revised workplan. NCDENR can audit the laboratory to obtain a greater comfort 
level, if necessary. 

Page tO, Composite Samples for Toxicity Testing 

Bullet I Agree. 

Page 11, Identification ofReceptors 

··Bullet 1 Piscivorous avian species (blue heron) was used as the terrestrial endpoint 
receptor. Other terrestrial receptors were not considered since the emphasis was 
the creek/ditch system. 

Page 11. Assessment Endpoint No.1, Corresponding Measurement Endpoints 

. Bullet 1 Agreed, but how does this relate to the Hyalella comment on Page S Bullet 1 of 
the NCDENR response letter? 

SWP and Schnabel Engineering Associates appreciates NCDENR willingness to review our 
response to NCDENR comments prior to preparing the revised Supplemental RI Workplan. We 
will be glad to further discuss our responses with NCDENR via a conference call at your 
convenience. · 

• 

• 



. . 
SouiMnl Wood Piedmont COmpany 

• 

• 

• 

Sincerely, 

~~ 
W. P. Arrants 
Manager ofEnvironmental Affairs/ 

Regulatory Compliance 

CC: G. B. Kuntz- Schnabel 
M.D. Pruett 
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EN'v1RONMENTAL TECHNOLOGY ENGINEERINC. INC. 
· CQNSUL11NG DIQNIDS, .......... MD IMM1Cl.OCIIS1S 

H~-*D 

BLOWS 
'" P£Rr 

CLASSIFICA llON 

coarse, 
coarse trace granule 

Loose, brown SAND ve~ fine to coarse, 
medium dominant Visual staining 0 3'. 

Very loose, brown SAND and PEAT, 50'C 
peat, :l wood fragment. Visual staining. 

Very_ loose, brown SAND, fine to coorse 
to 7.5', then dark brown CLAY. Visual 
staining in sand. . 
Very soft, dark brown CLAY to 8.5', then 
dorlc brown PEAT 

dark brown clayey PEAT, 30~ 

dark brown peaty CLAY, 507. 

Firm, dark brown peaty CLAY, 357. peat 
Pit casing to 16' 

t---il Soft, brownish block peaty CLAY, 257. 
SS peat 

Firm, some os above. Slight sheen in 
drilling mud. 

Soft, some as above. Sheen in drilling 
mud. 

Firm, brownish block peaty CLAY, 507. 
SS t--=----':--11 peat. Little visual staining. 

Loose, brown SAND, fine to coarse, 57. 
SS t-=-.....;...-!1 very coarse, trace wood. 

above. 

Loose, brown SAND, fine to granule, 57. 
r-=-~-11 granule to small pebble 

Firm, brown SAND, fine to coarse, well 
SS t-=-~'il sorted medium 

Firm, same sand as above to 40.5', then 
~--~• olive gray CLAY 

TEST BORING LOG 

REMARKS 

odor 
OVA • 26.1 ppm 

Strong odor 
OVA • 94.3 ppm 

D' recovery 
Strong odor 
OVA • 88.3 ppm 
1 4• recovery 
Strong odor 
OVA = 149 ppm 
18• recovery 
Moderate odor 
OVA • 85.3 ppm 
24" recovery 
Slight odor 
OVA. = 89.5 ppm 
24" recovery 
Very sliqht odor 
OVA • 82.8 ppm 
18" recovery 
Very sliqht odor 
OVA • o5.1 
4·-·recovery 
Moderate odor 
OYA = 116 ppm 
4 recovery 
Moderate odor 
oyA - 88.1 ppm 
2 recovery 
Moderate odor 
OVA = 107 ppm 
18" recovery 
Moderate odor 
OVA • 137 ppm 
18" recovery 
Moderate odor 
OVA = 447 ppm 
1 a· recovery 
Moderate odor 
OVA • 69.4 ppm 

18" recovery 
Slight odor 
OVA. • 62.0 ppm 

12" recovery 
Slight odor 
OVA = 28.5 ppm 

24' recovery 
Slight odor 
OVA • 27.6 ppm 
TO = 42' 

• 

••• 
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.NORTH CAROLINA DEPARTMENT OF 
ENVJR_ONMI!NT AND NAT~RAL RESOURCES. 

DMSION OP' WASTE MANAGEMENT 

April20,2000 

Mr. William Arrants, 
Manager of Environmental 
Affairs I Regulatory Compliance 
Southern Wood Piedmont Co. 
P.O. 5447 
Spartanburg, South Carolina 29304 

Re: Draft Supplemental RI Workplan, 
Southern Wood Piedmont - Wilmington Site 
NCD 058 517 467 

Dear Mr. Arrants: 

We have reviewed your response to our comments on SWP's draft RI 
Workplan. Based on this review, and our recent conference call on the subject, we 
concur with your comments and direct you to commence revision of the RI workplan 
accordingly. Additional comments are limited t? the following: 

1) The Superfund Section's Federal Remediation Branch and Inactive Hazardous 
Sites Branch both concur that Groundwater Remediation Goals are sufficient 
criteria to define the extent of groundwater impact at the site. We note that 
resampling of the wells will include bedrock monitoring well MW-36, which 
has exceeded Remediation Goals on at least one occasion. 

2) Southern Wood Piedmont will coordinate directly with NCDENR, 
Environmental Sciences Branch, as indicated, regarding risk assessment and 
RI sampling issues, particularly with regard to fish tissue sampling. The 
Superfund Section will also maintain communication with ESB, and contact 
other agencies in an attempt to clarify the availability of non-lethal 
(electroshock) fish collection methodology . 

•••• MAIL SKIIYICI: CI:NTI:II, RAI.I:I.H, NOitTH CAIIOLINA aTae-1 ... 
AOI Oai:IILIN ROAD, 8UIT& 180, RALI:IOM, NC &78011 

hON. et .. 7aa ... aH P'AX et .. 7tSoa.aB 
AN ltQUAL OI'POIITUNITT I AII'II'IIIMATIYI: ACTION ltMI'I.O'RII • ·~ II.CTCI..DII~ .-on-coN•UMI:II I'ANII 



• 

• 

•• 

.Mr. Arrants 
April 20, 2000 
Page.2 

SWP is directed to submit the revised Supplemental Rl Workplan within 30 days of receipt 
of this letter. If you have any questions or scheduling concerns, please contact me at (9i9) 733-2801. 

cc: Gregory Kuntz, Schnabel Engineering 
Dan LaMontagne, NC Superfund Section 
Luis Flores, US EPA Region IV 
Layton Bedsole, NC Ports Authority 

File 

2 

Sincerely, 

~ 
Stuart F. Parker, Ir. 
Hydrogeologist 
NC Superfund Section 



Division of Water Quality 

April 13,2000 

MEMOBANDUM 

To: Stuart Parker, DWM, Superfund Section 

Through: Matt Matthews rr'f" 

From: Sandy Mort, DWQ ESB ~ 

Subject: Response to comments 
Deferral Remedial Investigation 
Southern Wood Piedmont- Wilmington 
SWP response to Superfund & ESB comment on 

Draft Supplemental RI Workplan 
And 

APR 18 2000 

SUPERFUNL> St:CTION 

Comments -Assessment and sampling methodologies, SLERA, 1996 

Response to comments. Deferral Remedial Investigation 

.. 

SWP's response to NCDENR's comments of February 4, 2000 were received on April 13, 
2000. All responses to ESB's comments regarding the RI workplan, fish tissue sampling, 
SLERA and toxicity testing are considered adequate and appropriate. 

Additional comment/clarification is provided for Bullet #2, page 11, Summary of SLERA 
(draft, 10/8/99): 

• Refer to referenced USEPA documents for appropriate toxicity testing organisms 
for RA purposes: 

htto:ljWWN.epa.gov/superfund/programsfrisklecoup/v2no2.pdf 
http:Uwww.epa.gov/superfynd/programslrisklecoyp/v2no1.pdf 

• Leptoicheirus plumulosus, although not identified ln the above referenced 
documents, would currently be considered a "standardized" toxicity testing 
organism, and may be acceptable under appropriate site characteristics, exposure 
and contaminant fate scenarios. 

Assessment and sampling methodologies. SLERA. 1996 
Section 2.2.1.1 & 2.2.1.2 (page 2-4) 

• Were organic samples collected with no headspace in the containers? 
• Were AVS/SEM samples maintained under anaerobic conditions to prevent 

alteration of metal-complexes? 

cc: Mark Hale, DWQ ESB 

Environmental Sciences Branch Water Q&u:dity Set:titm 
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SECTION6 
DESIGN AND INSTALLATION OF MONITORING WELLS 

PERFORMANCE OBJECTIVES: 

• Ensure that the monitoring well will provide high quality samples. 

• Ensure that the monitoring well is constructed properly and will last the duration of the 
project. 

• Ensure that the monitoring well will not serve as a conduit for contaminants to migrate 
between aquifers. 

6.1 Introduction 

·Methods and procedures for the design and installation of monitoring wells to be employed in Region 
4 are contained in this section. They are to be used for all permanent and temporary monitoring wells installed 
for collecting ground water samples for analysis . 

6.2 Permanent Monitoring Wells- Design Considerations 

The design and installation of permanent monitoring wells involves drilling into various types of 
geologic formations that exhibit varying subsurface conditions. Designing and installing permanent monitoring 
wells in these geologic environments may require several different drilling methods and installation procedures. 
The selection of drilling methods and installation procedures should be based on field data collected during a 
hydrogeologic site investigation and/or a search of existing data. Each permanent monitoring well should be 
designed and installed to function properly throughout the duration of the monitoring program. When designing 
monitoring wells, the following should be considered: 

• short-and long-term objectives; 
• purpose(s) of the well(s); 
• probable duration of the monitoring program; 
• contaminants likely to be monitored; 
• types of well construction materials to be used; 
• surface and subsurface geologic conditions; 
• properties of the aquifer(s) to be monitored; 
• well screen placement; 
• general site conditions; and 
• potential site health and safety hazards. 

Each of the above considerations can be expanded into many subtopics depending on the complexity of the 
project In designing permanent monitoring wells, the most reliable, obtainable data should be utilized. Once 
the data have been assembled and the well design(s) completed, a drilling method(s) bas to be selected. The 
preferred drilling procedure for installing permanent monitoring wells is the hollow-stem auger method. 
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However, site conditions may not always be amenable to using the hollow-stem auger method. When this 
·occurs, alternate methods should be selected that will perform the job equally as well. The following discussion 
of methods and procedures for designing and installing monitoring wells will cover the different aspects of 
selecting materials, drilling boreholes, and installing monitoring devices. 

6.3 Drllling Methods 

The following drilling methods are listed in order of preference; however, fmal selection should be based on 
actual site conditions. 

6.3.1 

6.3.2 

Hollow-Stem Auger 

This type of auger consists of a hollow, steel stem or shaft with a continuous, spiralled steel flight, 
welded onto the exterior side of the stem, connected to an auger bit and when rotated transports 
cuttings to the surface. This method is best suited in soils that have a tendency to collapse when 
disturbed. A monitoring well can be installed inside of hollow-stem augers with little or no concern 
for the caving potential of the soils and/or water table. However, retracting augers in caving sand 
conditions while installing monitoring wells can be extremely difficult or impossible, especially since 
the augers have to be extracted without being rotated. If caving sands exist during monitoring well 
installations, a drilling rig must be used that has enough power to extract the augers from the borehole 
without having to rotate them. A bottom plug, trap door, or pilot bit assembly can be fastened onto 
the bottom of the augers to keep out most of the soils and/or water that have a tendency to clog the 
bottom of the augers during drilling. Potable water (analyzed for contaminants of concern) may be 
poured into the augers (where applicable) to equalize pressure so that the inflow of formation materials 
and water will be held to a nlinimum when the bottom plug is released. Water-tight center plugs are 
not acceptable because they create suction when extracted from the augers. This suction forces or 
pulls cuttings and formation materials into the augers, defeating the purpose of the centerplug. 
Augering without a center plug or pilot bit assembly is permitted, provided that the soil plug, formed 
in the bottom of the augers, is removed before sampling or installing well casings. Removing the soil 
plug from the augers can be accomplished by washing out the plug using a side discharge rotary bit, 
or augering out the plug with a solid-stem auger bit sized to fit inside the hollow-stem auger. nie type 
of bottom plug, trap door, or pilot bit assembly proposed for the drilling activity should be approved 
by a senior field geologist prior to drilling operations. Boreholes can be augered to depths of 150 feet 
or more (depending on the auger size), but generally boreholes are augered to depths less than 100 feet 

Solid-Stem Auger 

This type of auger consists of a solid stem or shaft with a continuous spiralled steel flight, welded on 
the outer side of the stem, connected to an auger bit and when rotated transports cuttings to the 
surface. This auger method is used in cohesive and semi-cohesive soils that do not have a tendency 
to collapse when disturbed. Boreholes can be augered to depths of200 feet or more (depending on the 
auger size), but generally boreholes are augered to depths less than 150 feet. 

Both of the previously discussed auger methods can be used in unconsolidated soils and semi
consolidated (weathered rock) soils, but not in competent rock. Each method can be employed without 
introducing foreign materials into the borehole such as water and drilling fluids, minimizing the potential for 
cross contamination. Minimizing the risk of cross contamination is one of the most important factors to 
consider when selecting the appropriate drilling method(s) for a project 
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6.3.3 Rotary Methods 

This method consists of a drill pipe or drill stem coupled to a drilling bit that rotates and cuts through 
the soils. The cuttings produced from the rotation of the drilling bit are transported to the surface by 
drilling fluids which generally consist of water, drilling mud, or air. The water, drilling mud, or air 
are forced down through the drill pipe, and out through the bottom of the drilling bit The cuttings are 
then lifted to the surface between the borehole wall and the drill pipe. The drilling fluids not only force 
the cuttings to the surface but also keeps the drilling bit cool. When considering this method, it is 
important to evaluate the potential for contamination when fluids and/or air are introduced into the 
borehole. If the rotary method is selected as one of the drilling methods, water rotary is the preferred 
method, followed by air rotary and mud rotary. 

Water Rotary 

When using water rotary, potable water (that has been analyzed for contaminants of concern) should 
be used. If potable water (or a higher quality water) is not available on-site, then potable water will have to 
be transported to the site or an alternative drilling method will have to be selected. Water rotary is the preferred 
. rotary method because potable water is the only fluid introduced into the borehole during drilling. Water does 
not clog the fonnation materials reducing well development time; however this potable water will flow out into 

. the surrounding fonnation materials (ifpenneable) and mix with the natural fonnation water. This mixing of 
. the drilling water and the natural fonnation water should be evaluated when detennining the drilling method. 
Generally, a large majority of the drilling water will be recovered during well development. 

Air Rotary 

When using air rotary, the air compressor should have an in-line organic filter system to filter the air 
coming from the compressor. The organic filter system should be regularly inspected to insure that the system 
is functioning properly. Air compressors that do not have in-line organic filter systems are not acceptable for 
air rotary drilling. A cyclone velocity dissipator or similar air containment system should be used to funnel 
the cuttings to one location instead ofletting the cuttings blow uncontrolled out of the borehole. The conven
tional air rotary method does not control cuttings blowing out of the borehole, and is not acceptable unless the 
above mentioned cyclone velocity dissipator or similar containment system is employed. Any air rotary method 
that allows cuttings to blow uncontrolled out of the borehole and does not direct them to a discharge point with 
minimal disturbance is not acceptable. Air rotary that employs the dual-tube (reverse circulation) drilling 
system is acceptable since the cuttings are contained in the drill stems and blown to the surface through the 
cyclone velocity dissipator and to the ground with little surface disturbance. 

Mud Rotary 

Mud rotary is the least preferred rotary method because contamination can be introduced into the 
borehole from the constituents in the drilling mud, and it is very difficult to remove the drilling mud from the 
borehole after drilling and during well development. The drilling mud can also cany contaminates from a 
contaminated zone to an uncontaminated zone thereby cross-contaminating the borehole. If mud rotary is 
selected, only potable water and pure (no additives) bentonite drilling muds should be used. All materials used 
should have adequate documentation as to manufacturer's recommendations and product constituents. The 
proper field QA/QC procedures should be initiated before and during drilling to minimize the potential for · 
contamination. These QA/QC procedures include, but are not limited to, sampling and analyzing of all drilling 

• 

• 

materials such as drilling muds, bentonite pellets, grouts, sand, etc., and the potable water to be used during • 
drilling. 
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6.3.4 Other Methods 

Other methods such as the cable-tool method, the jetting method, the boring (bucket auger) method, 
and various sonic drilling methods are available. If these and/or other methods are selected for monitoring well 
installations, they should be approved by a senior field geologist before field work is initiated. 

6.4 Borehole Construction 

6.4.1 Annular Space 

The borehole should be of sufficient diameter so that well construction can proceed without major 
difficulties. To assure an adequate size, a minimum 2-inch annuhir space is required between the casing and 
the borehole wall (or the hollow-stem auger wall). For example, an 8-inch borehole is required to install a 
4-inch outside diameter (OD) casing. However, if the inside diameter (ID) of the casing is 4 inches, the 
borehole will have to be larger than 8-inches to include the 2-inch annular space and the outside diameter (OD) 
of the casing (4 inch ID plus the casing wall thickness). The 2-inch annular space around the casing will allow 
the filter pack, bentonite pellet seal, and the annular grout to be placed at an acceptable thickness. Also, the 
2-inch annular space will allow up to a l.S-inch (OD) tremie tube to be used for placing the filter pack, pellet 
seal, and grout at the specified intervals. An annular space less than the 2-inch minimum will not be 
acceptable. When installing a well inside ofhollow-stem augers, the inside diameter (ID) of the augers is the 
area to be considered when determining the 2-inch annular space. 

6.4.2 Overdrilling the Borehole 

Sometimes it is necessary to overdrill the borehole so that any soils that have not been removed or that 
have fallen into the borehole during augering or drill stem retrieval, will fall to the bottom of the borehole below 
the depth where the filter pack and well screen are to be placed. Normally, 3 to 5 feet is sufficient for 
overdrilling. The borehole can also be overdrilled to allow for an extra space or a "sump" area below the well 
screen. This "sump" area provides a space to attach a 5 or 10 foot section ofwell casing to the bottom of the 
well screen. The extra space or "sump" below the well screen serves as a catch basin or storage area for 
sediment that flows into the well and drops out of suspension. These "sumps" are added to the well screens 
when the wells are screened in aquifers that are naturally turbid and will not yield clear formation water (free 
of visible sediment) even after extensive development. The sediment can then be periodically pumped out of 
the "sump" preventing the well screen from clogging or "silting up". If the borehole is overdrilled deeper than 
desired, it can be backfilled to the designed depth with bentonite pellets or the filter sand that is to be used for 
the filter pack. 

6.4.3 Filter Pack Placement 

When placing the filter pack into the borehole, a mlliimum of6-inches of the filter pack material should 
be placed under the bottom of the well screen to provide a finn footing and an unrestricted flow under the 
screened area. Also, the filter pack should extend a minimum of2-feet above the top of the well screen. The 
filter pack should be placed by the tremie or positive displacement method. Placing the filter pack by "pouring" 
may be acceptable in certain situations, which will be discussed in the next section . 
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6.4.4 Filter Pack Seal-Bentonite Pellet Seal (Plug) · 

A seal should be placed on top of the filter pack. This seal should consist of a 30% solids bentonite 
material in the form ofbentonite pellets. Bentonite pellets are compressed to a density of70-80 lbs/cu.ft. The 
preferred method of placing bentonite pellets is by the positive displacement or the tremie method. Use of the 
tremie method minimizes the risk of pellets bridging in the borehole and assures the placement of pellets (also 
sand and grout) at the proper intervals. Pouring of the pellets (and filter pack materials) is acceptable in 
shallow boreholes (less than 50 feet) where the annular space is large enough to prevent bridging and to allow 
measuring (with a tape measure) to insure that the pellets have been placed at the proper intervals. In order 
to insure that the pellets have been placed at the proper intervals, the pellets should be tamped, with the 
appropriate tamping tool, while measuring is being conducted. The tamping process minimizes the potential 
for pellet bridging by forcing any pellets, that have lodged against the borehole wall, hollow-stem auger wall, 
or the well casing, down to the proper interval. The bentonite seal should be placed above the filter pack at 
a minimum of two feet vertical thickness. The hydration time for the bentonite pellets should be a minimum 
of eight hours or the manufacturer's recommended hydration time, whichever is greater. In all cases the proper 
depths should be documented by measuring and not by estimating. Other forms of bentonite such as granular 
bentonite, and bentonite chips have limited applications, and are not recommended for the bentonite seal unless 
special conditions warrant their use. Deviation from bentonite pellets for the seal, should not be acceptable 
unless approved by a senior field geologist. If for some reason, the water table is temporarily below the pellet 
seal interval, potable water (or a higher quality water) should be used to hydrate the pellets. 

6.4.5 Grouting the Annular Space 

• 

The annular space between the casing and the borehole wall should be filled with either a 30% solids • 
bentonite grout, a neat cement grout, or a cement/bentonite grout. Each type of grout selected 
should be evaluated as to its intended use and integrity. 

The preferred grout to use should be a 30 % solids bentonite grout with a minimum density of 10 lb/gal. 
The grout should be placed into the borehole, by the tremie method, from the top of the bentonite seal to within 
2-feet of the ground surface or below the frostline, whichever is greater. The tremie tube should have an option 
of a side discharge port or a bottom discharge port, to minimize damage to the filter pack and/or the bentonite 
pellet seal, during grout placement. The grout should be allowed to cure for a minimum of 24 hours before 
the concrete surface pad is installed. All grouts should be prepared in accordance with the manufacturers 
specifications. Bentonite grouts (not cement) should have a minimum density of 10 lbslgal to ensure proper 
set-up. The density of the bentonite grouts should be measured while nuxing and should not be pumped into 
the borehole until the minimum density of 10 lbs/gal is attained. In addition, the grouting operation should not 
cease until the bentonite grout flowing out of the borehole has a minimum density of 10 lbs/gal. A mud balance 
should be used to measure the specified grout density of the bentonite grout. Estimating the grout density is 
not acceptable. Drilling muds are not acceptable for grouting.· 

Cement grouts should be mixed using 6.5 to 7 gallons of water per 94-lb bag of Type 1 Portland cement. 
The addition of bentonite (5 to 10 percent) to the cement grout is generally used to delay the "setting" time and 
may not be needed in all applications. The specific mixtures and other types of cement and\or grout proposed 
should be evaluated on a case by case basis by a senior field geologist. 
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• 6.4.6 Above Ground Riser Pipe and Outer Protective Casing 

• 

• 

The well casing, when installed and grouted, should extend above the ground surface a minimum of 
2.5 feet. A vent hole should be drilled into the top of the well casing cap to permit pressure equalization, if 
applicable. An outer protective casing should be installed into the borehole after the annular grout bas cured 
for at least 24 hours. The outer protective casing should be of steel construction with a hinged, locking cap. 
Generally, outer protective casings usedover2-inch well casings are4 inches square by S feet long. Similarly, 
protective casings used over 4-inch well casings are 6 inches square and S feet long. Round protective casings 
are also acceptable. All protective casings should have sufficient clearance around the inner well casings, so 
that the outer protective casings will not come into contact with the inner well casings after installation. The 
protective casings should have a minimum of two weep holes for drainage. These weep holes should be a 
minimum 114-inch in diameter and drilled into the protective casings just above the top of the concrete surface 
pads to prevent water from standing inside of the protective casings. Protective casings made of aluminum or 
other soft metals are normally not acceptable because they are not strong enough to resist tampering. 
Aluminum protective casing may be used in very corrosive environments such as coastal areas. A protective 
casing is installed by pouring concrete into the borehole on top of the grout. The protective casing is then 
pushed into the wet concrete and borehole a minimum of2 feet. Extra concrete may be needed to fill the inside 
of the protective casing so that the level of the concrete inside of the protective casing is at or above the level 
of the surface pad. The protective casing should extend a minimum of 3 feet above the ground surface or to 
a height so that the cap of the inner well casing is exposed when the protective casing is opened. 

6.4.7 Concrete Surface Pad 

A concrete surface pad should be installed around each well at the same time as the outer protective 
casing is being installed. The surface pad should be formed around the well casing. Concrete should be placed 
into the formed pad and into the borehole (on top of the grout) in one operation making a contiguous unit. The 
protective casing is then installed into the concrete as described in the previous section. The size of the concrete 
surface pad is dependent on the well casing size. If the well casing is 2 inches in diameter, the pad should be 
3 feet x 3 feet x 6 inches. If the well casing is 4 inches in diameter, the pad should be 4 feet x 4 feet x 6 inches. 
Round concrete surface pads are also acceptable. The finished pad should be sloped so that drainage will flow 
away from the protective casing and ofT of the pad. In addition, a minimum of one inch of the fmished pad 
should be below grade or ground elevation to prevent washing and undermining by soil erosion. At each site, 
all locks on the outer protective casings should be keyed alike. 

6.4.8 Surface Protection-Bumper Guards 

If the monitoring wells are located in a high traffic area, a minimum of three bumper guards consisting 
of steel pipes 3 to 4 inches in diameter and a minimum S-foot length should be installed. These bumper guards 
should be installed to a minimum depth of2 feet below the ground surface in a concrete footing and extend a 
minimum of 3. feet above ground surface. Concrete should also be placed into the steel pipe to provide 
additional strength. Steel rails and/or other steel materials can be used in place of steel pipe but approval must 
be granted by a senior field geologist prior to field installation . 
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6.5 Construction Techniques 

6.5.1 Well Installation 

The borehole should be bored, drilled, or angered as close to vertical as possible, and checked with a 
plumb bob or level. Slanted boreholes will not be acceptable unless specified in the design. The depth and 
volume of the borehole, including the overdrilling if applicable, should have been calculated and the appropriate 
materials procured prior to drilling activities. The well casings should be secured to the well screen by flush
jointed threads and placed into the borehole and plumbed by the use of centralizers and/or a plumb bob and 
level. Another method of placing the well screen and casings into the borehole and plumbing it at the same time 
is to suspend the string of well screen and casings in the borehole by means of the wireline on the drill rig. The 
string of well screen and casings can be placed into the borehole and plumbed in one easy operation. This 
wireline method is especially useful if the borehole is deep and a long string of well screen and casings have 
to be set and plumbed. No lubricating oils or grease should be used on casing threads. Teflon tape can be 
used to wrap the threads to insure a tight fit and minimize leakage. No glue of any type should be used to 
secure casing joints. Teflon "0" rings can also be used to insure a tight fit and minimize leakage; however, "0" · 
rings made of other materials are not acceptable if the well is going to be sampled for organic compound 
analyses. Before the well screen and casings are placed on the bottom of the borehole, at least 6 inches of filter 
material should be placed at the bottom of the borehole to serve as a finn footing. The string of well screen 
and casings should then be placed into the borehole and plumbed. Centralizers can be used to plumb a well, 
but centralizers should be placed so that the placement of the filter pack, bentonite pellet seal, and annular grout 
will not be hindered. Centralizers placed in the wrong locations can cause bridging during material placement. 
Monitoring wells less than 50 feet deep generally do not need centralizers. If centralizers are used they should 
be placed below the well screen and above the bentonite pellet seal. The specific placement intervals should 
be decided based on site conditions. When installing the well screen and casings through hollow-stem augers, 
the augers should be slowly extracted as the filter pack, bentonite seal, and grout are tremied and/or poured 
into place. The gradual extraction of the augers will allow the materials being placed in the augers, to flow 
out of the bottom of the augers into the borehole. If the augers are not gradually extracted, the materials (sand, 
pellets, etc.) will accumulate at the bottom of the augers causing potential bridging pr~blems. After the string 
of well screen and casing is plumb, the filter material should then be placed around the well screen (preferably 
by the tremie method) up to the designated depth. After the filter pack has been installed, the bentonite pellet 
seal should be placed (preferably by the tremie method) directly on top of the filter pack up to the designated 
depth or a minimum of 2 feet above the filter pack whichever is greater. The bentonite pellet seal should be 
allowed to hydrate a minimum of eight hours or the manufacturer's recommended hydration time, whichever 
is longer. After the pellet seal has hydrated for the specified time, the grout should then be pumped by the 
tremie method into the annular space around the casings up to within 2 feet of the ground surface or below the 
frostline whichever is greater. The grout should be allowed to set for a minimum of24 hours before the surface 
pad and protective casing are installed. After the surface pad and protective casing are installed, bumper 
guards should be installed (if needed). The bumper guards should be placed around the concrete surface pad 
in a configuration that provides maximum protection to the well. Each piece of steel pipe or approved material 
should be installed into an 8-to 1 0-inch diameter hole, to a minimum depth of2 feet below ground surface, and 
filled with concrete: As previously stated, the bumper guard should "extend above the ground surface a 
minimum of 3 feet. The total length of each bumper gua!d should be a minimum of 5 feet. 

After the wells have been installed, the outer protective casing should be painted with a highly visible 
enamel paint. The wells should be permanently marked with the well number, date installed, site name, 
elevation, etc., either on the cover or an appropriate place that will not be easily damaged and/or vandalized . 

If the monitoring wells are installed in a high traffic area such as a parking lot, in a residential yard, 
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or along the side of a road it may be desirable to fmish the wells to the ground surface and install water-tight 
flush mounted traffic and/or man-bole covers. Flush mounted traffic and man-hole covers are designed to 
extend from the ground surface down into the concrete plug around the well casing. Although flush mounted 
covers may vary in design, they should have seals that make the unit water-tight when closed and secured. The 
flush mounted covers should be installed as far above grade as practical to minimize standing water and 
promote runoff. Permanent identification markings should be placed on the covers or in the concrete plug 
around the cover. 

6.5.2 Double Cased Wells 

Double cased wells should be constructed when there is reason to believe that interconnection of two 
aquifers by well construction may cause cross contamination, and/or when flowing sands make it impossible 
to install a monitoring well using conventional methods. A pilot borehole should be bored through the 
overburden and/or the contaminated zone into the clay confming layer or bedrock. An outer casing (sometimes 
called surface or pilot casings) should then be placed into the borehole and sealed with grout The borehole 
and outer casing should extend into tight clay a minimwn of two feet and into competent bedrock a minimwn 
of 1 foot. The total depths into the clay or bedrock will vary, depending on the plasticity of the clay and the 
extent of weathering and\or fracturing of the bedrock. The fmal depths should be approved by a senior field 
geologist The size of the outer casing should be of sufficient inside diameter (ID) to contain the inner casing, 
and the 2-inch minimwn annular space. In addition, the borehole should be of sufficient size to contain the 
outer casing and the 2-inch minimwn outer annular space, if applicable. 

The outer casing should be grouted by the tremie method from the bottom to within 2 feet of the ground 
surface. The grout should be pwnped into the annular space between the outer casing and the borehole wall. 
This can be accomplished by either placing the tremie tube in the annular space and pwnping the grout from 
the bottom of the borehole to the surface, or placing a grout shoe or plug inside the casing at the bottom of the 
borehole and pwnping the grout through the bottom grout plug and up the annular space on the outside of the 
casing. If the outer casing is set into very tight clay, both of the above methods might have to be used, because 
the clay usually forms a tight seal in the bottom and around the outside of the casing preventing grout from 
flowing freely during grout injection. On the other hand, outer casing set into bedrock normally will have space 
enough to allow grout to flow freely during injection. A minimwn of24 hours should be allowed for the grout 
plug (seal) to cure before attempting to drill tluough it. The grout mixture used to seal the outer annular space 
should be either a neat cement, cement/bentonite, cement/sand, or a 30% solids bentonite grout. However, the 
seal or plug at the bottom of the borehole and outer casing should consist of a Type I portland cement/bentonite 
or cement/sand mixture. The use of a pure bentonite grout for a bottom plug or seal is not acceptable, because 
the bentonite grout cures to a gel-like material, and is not rigid enough to withstand the stresses of drilling. 
When drilling through the seal, care should be taken to avoid cracking, shattering~ and/or washing out the seal, 
which will be discussed in the next section. If caving conditions exist so that the outer casing cannot be 
sufficiently sealed by grouting, the outer casing should be driven into place and a grout seal placed in the 
bottom of the casing. Removal of outer casings, which are sometimes called temporary surface casings, after 
the well screens and casings have been installed and grouted is not acceptable. Trying to remove outer surface 
casings after the inner casings have been grouted could jeopardize the structural integrity of the well . 
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Bedrock Wells 

The installation of monitoring wells into bedrock can be accomplished in two ways: 

1. The fiCSt method is to drill or bore a pilot borehole through the soil overburden into the bedrock. An 
outer casing is then installed into the borehole by setting it into the bedrock, and grouting it into place 
as described in the previous section. After the grout has set, the borehole can then be advanced 
through the grout seal into the bedrock. The preferred method of advancing the borehole into the 
bedrock is rock coring. Rock coring makes a smooth, round hole through the seal and into the bedrock 
without cracking and/or shattering the seat. Roller cone bits are used in soft bedrock, but extreme 
caution should be taken when using a roller cone bit to advance through the grout seal in the bottom 
of the borehole because excessive water and "down" pressure can cause cracking, eroding (washing), 
and/or shattering of the seat. Low volume air hammers may be used to advance the borehole, but they 
have a tendency to shatter the seat because of the hammering action. If the structural integrity of the 
grout seal is in question, a pressure test can be utilized to check for leaks. A visual test can also be 
made by examining the cement/concrete core that is collected when the seal is cored with a diamond 
coring bit. If the seal leaks (detected by pressure testing) and/ or the core is cracked or shattered, or 
if no core is recovered because ofwashing, excessive down pressure, etc., the seal is not acceptable. 
The concern over the structural integrity of the grout seal applies to all double cased wells. Any 
proposed method of double casing and/or seal testing will be evaluated on its own merits, and will have 
to be approved by a senior field geologist before and during drilling activities, if applicable. When the 
drilling is complete, the finished well will consist of an open borehole from the ground surface to the 
bottom of the well. There is no inner casing, and the outer surface casing, installed down into bedrock, 

• 

extends above the ground surface, and also serves as the outer protective casing. If the protective • 
casing becomes cracked or is sheared off at the ground surface, the well is open to direct contamination · 
from the ground surface and will have to be repaired inunediately or abandoned. Another limitation 
to the open rock well is that the entire bedrock interval serves as the monitoring zone. In this situation, 
it is very difficult or even impossible to monitor a specific zone, because the contaminants being 
monitored could be diluted to the extent ofbeing nondetectable. The installation of open bedrock wells 
is generally not acceptable in the Superfund and RCRA programs, because of the uncontrolled 
monitoring intervals. However, some site conditions might exist, especially in cavernous limestone 
areas (Karst topography) or in areas of highly fractured bedrock, where the installation of the filter 
pack and its structural integrity are questionable. Under these conditions the design of an open 
bedrock well may be warranted. 

·2. The second method of installing a monitoring well into bedrock is to install the outer surface casing 
and drill the borehole (by an approved method) into bedrock, and then install an inner casing and well 
screen with the filter pack, bentonite seal, and annular grout. The well is completed with a surface 
protective casing and concrete pad. This well installation method gives the flexibility of isolating the 
monitoring zone(s) and minimizing inter-aquifer flow. In addition, it gives structural integrity to the 
well, especially in unstable.areas (steeply dipping shales, etc.) where the bedrock bas a tendency to 
shift or move when disturbed. Omitting the filter pack around the well screen is a general practice 
. in some open rock borehole installations, especially in drinking water and irrigation wells. However, 
without the filter pack to protect the screened interval, sediment particles from the well installation 
and/or from the monitoring zone could clog the well screen and/or fill the screened portion of the well 
rendering it inoperable. Also, the filter pack serves as a barrier between the bentonite seal and the 
screened interval. Rubber inflatable packers have been used to place the bentonite seal when the filter 
pack is omitted, but the packers have to remain in the well pennanently and, over a period of time, will • 
decompose and possibly contribute contaminates to the monitoring zone. 
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6.6 Well Construction Materials 

6.6.1 Introduction 

Well construction materials are chosen based on the goals and objectives of the proposed monitoring 
program and the geologic conditions at the site(s). In this section, the different types of available materials will 
be discussed. 

6.6.2 Well Screen and Casing Materials 

When selecting the materials for well construction, the prime concern should be to select materials that 
will not contribute foreign constituents, or remove contaminants of concern from the ground water. If the 
monitoring program is designed to analyze for organic compounds, stainless steel materials should be used. 
If the monitoring program calls for the analyses of only inorganic compounds, then PVC materials (Rigid PVC 
meeting NSF Standard 14 (NSF WC)) are acceptable. Generally, PVC materials are not acceptable for 

·monitoring organic compounds because of their sorption and leaching properties. Another concern is to select 
materials that will be rugged enough to endure the entire monitoring period. Site conditions will generally 
dictate the kind of materials that can be used. A preliminary field investigation should be conducted to 
determine the geologic conditions, so that the most suitable materials can be selected. The best grade or highest 
quality material for that particular application should be selected. Each manufacturer can supply the 
qualitative data for each grade of material that is being considered. All materials selected for monitoring well 
installation should be evaluated and approved by a senior field geologist prior to field activities. 

Well screen and casing materials generally used in monitoring well construction on RCRA and 
Superfund sites are listed in order of preference: 

(1) Stainless Steel (304 or 316) 
(2) Rigid PVC meeting NSF Standard 14 (NSF WC) 
(3) Other (where applicable) 

There are other materials used for well screens and casings such as black iron, carbon steel, galvanized 
steel, and fiberglass, but these materials are not recommended for use in long term monitoring programs at 
hazardous waste sites, because of their low resistance to chemical attack and potential constituent contribution 
to the ground water. 

In addition to material selection, the minimum inside diameter (ID) for well screens and casings used 
for permanent monitoring wells should be 2 inches. The wall thickness has to be considered when selecting 
the 2-inch well screen and casing, because a 2-inch ID screen or casing having a total wall thickness greater 
than 1/8 inch will make the outside diameter (OD) 2 1/4 inches which will reduce the required 2-inch annular 
space. This is especially true for PVC and Teflon. Schedule 5 stainless steel, which is commonly used for 
permanent monitoring wells has a very thin wall thickness (approximately 1116 inch thick) which reduces the 
2-inch annular space by only 1/8 inch. However, all minimum requirements for well design and installation 
should be adhered to when selecting the appropriate materials. For example,· if the ID of the screen or casing 
is 2 inches and the OD is 2 1/2 inches, then the borehole will have to be at least 6 1/2 inches in diameter to 
satisfy the minimum requirements. 

The length of well screens in permanent monitoring wells should be long enough to effectively monitor 
the interval or zone of interest. However, well sereens designed for long term monitoring pmposes should 
normally not be less than 5 feet in length. Well screens less that 5 feet long are acceptable in only temporary 
monitoring wells where ground water samples are collected for screening purposes. 
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6.6.3 Filter Pack Materials 

The filter pack materials should consist of clean, rounded to well-rounded, hard, insoluble particles 
of siliceous composition. The required grain-size distribution or particle sizes of the fllter pack materials 
should be selected based upon a sieve analysis conducted on the soil samples coiiected from the aquifer 
materials and/or the fonnation(s) to be monitored. Filter pack materials should not be acceptable unless proper 
documentation can be furnished as to the composition, grain-size distribution, cleaning procedure, and chemical 
analysis. If a data search reveals that there is enough existing data to adequately design the weii screen and 
filter pack, then it may not be necessary to conduct a sieve analysis on the formation materials to be monitored. 
However, all data and design proposals will be evaluated and approved by a senior staff geologist before field 
activities begin. 

. . 

6.6.4 Filter Pack and Well Screen Design 

The majority of monitoring wells are installed in shallow ground water aquifers that consist of silts, 
clays, and sands in various combinations. These shallow aquifers are not generally characteristic of sand 
aquifers used for drinking water. Therefore, a more technical approach rather than an estimative approach 
should be taken in the design of filter packs and well screens for monitoring wells. The filter pack and well 
screen design should be based on the results of a sieve analysis conducted on soil samples collected from the 
aquifer or the formation(s) that will be monitored. The data from the sieve analysis are plotted on a grain-size 
distribution graph, and a grain-size distribution curve is generated. From this grain-size distribution curve, the 
uniformity coefficient (Cu) of the aquifer material is determined. The Cu is the ratio of the 60 percent finer 
material (060) to the I 0 percent fmer material (D 1 0) 

Cu = (060/D 1 0) 

The Cu ratio is a way of grading or rating the uniformity of grain size. For example, a Cu of unity 
means that the individual grain sizes of the material are nearly all the same, while a Cu with a large number 
means a large range of sizes. As a general rule, a Cu of 2.5 or less should be used in designing the filter pack 
and well screen. 

Before designing the filter pack and well screen, the following factors should be considered: 

I. Select the well screen slot openings that will retain 90 percent of the fllter pack material. 

2. The filter pack material should be ·of the size that minimizes bead losses through the pack and also 
prevents excessive sediment (sand, silt, clay) movement into the well. · 

3. A filter material of varying grain sizes is not acceptable because the smaller particles fill the spaces 
between the larger particles thereby reducing the void spaces and increasing resistance to flow. 
Therefore, filter material of the same grain size and well rounded is preferred ... 

4. The filter pack design is based on the gradation of the fmest aquifer materials being analyzed . 
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• General steps to consider in designing a filter pack: 

• 
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1. Construct a grain-size distribution curve, on a grain-size distribution graph, from the sieve analysis 
of the aquifer materials. The filter pack design (as stated above) is based on the gradation of the finest 
aquifer materials. 

2. Multiply the D30 size (from the grain-size distribution graph) by a factor of four to nine (Pack-Aquifer 
ratio). A factor of four is used if the formation is fme-grained and unifonn (Cu is less than 3), six if 
it is coarse-grained and non-unifonn, and up to nine if it is highly non-unifonn and contains silt Head 
losses through filter packs increase as the Pack-Aquifer(P-A) ratios decrease. In order to design a 
fairly stable filter pack with a minimum bead loss, the 030 size should be multiplied by a factor of 
four. 

3. Plot the point from step 2 on the 30% abscissa of a grain-size distribution graph and draw a smooth 
curve with a uniformity coefficient of approximately 2.5. 

4. A curve for the permissible limits of the filter pack is drawn plus or minus 8 per cent of the desired 
curve with the Cu of2.5. 

S. Select the slot openings for the well screen that will retain 90 per cent or more of the filter pack 
material. 

The specific steps and procedures for sieve analysis and filter pack design can be found in soil 
mechanics, ground water, and water well design books. The staff geologists and/or engineers should be 
responsible for the correct design of the monitoring wells and should be able to perfonn the design procedures. 

6.7 Safety Procedures for Drilling Activities 

A site health and safety plan should be developed and approved by the Branch Safety Officer or 
designee prior to any drilling activities, and should be followed during all drilling activities. The driller or 
designated safety person should be responsible for the safety of the drilling team performing the drilling 
activities. All personnel conducting drilling activities should be qualified in proper drilling and safety 
procedures. Before any drilling activity is initiated, the area should be surveyed with the necessary detection 
equipment to locate, flag, or mark, all under ground utilities such as electrical lines, natural gas lines, fuel tanks 
and lines, water lines, etc. Before operating the drill rig, a pilot bole should be dug (with band equipment) to 
a depth of two to three feet to check for undetected utilities or buried objects. Proceed with caution until a safe 
depth is reached where utilities nonnally would not be buried. The following safety requirements should be 
adhered to while perfonning drilling activities: 

1. All drilling personnel should wear safety bats, safety glasses, and steel toed boots. Ear plugs are 
required and will be provided by the safety officer or driller. 

2. Work gloves (cotton, leather, etc.) should be worn when working around or while handling drilling 
equipment 

3. All personnel directly involved with the drilling rig(s) should know where the kill switch(s) is 
located in case of emergencies . 

4. All personnel should stay clear of the drill rods or augers while in motion, and should not grab or 
attempt to attach a tool to the drill rods or augers until they have comple~ly stopped rotating. 
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S. Do not hold drill rods or any part of the safety hammer assembly while taking standard penetration • 
tests or while the hammer is being operated. 

6.8 

6. Do not lean against the drill rig or place hands on or near moving parts at the rear of the rig while 
it is operating. 

7. Keep the drilling area clear of any excess debris, tools, or drilling equipment. 

8. Do not climb on the drilling rig while it is being operated or attempt to repair the rig while it is 
being operated. The driller will direct all work on the rig. 

9. Do not move or pick up any drilling equipment unless directed by the driller and/or the project 
leader. 

10. Each drill rig will have a first-aid kit and a fire extinguisher located on the rig quickly accessible 
for emergencies. 

11. Work clothes will be finn fitting, but comfortable and free of straps, loose ends, strings etc., that 
might catch on some moving part of the drill rig. 

12. Rings or other jewelry will not be worn while working around the drill rig. 

13. The drill rig should not be operated within a minimum distance of 20 feet of overhead electrical 
power lines and/or buried utilities that might cause a safety hazard. In addition, the drill rig should 
not be operated while there is lightening in the area of the drilling site. If an electrical stonn moves 
in during drilling activities, vacate the_ area until it is safe to return. 

Well Development 

A newly completed monitoring well should not be developed for at least 24 hours after the surface pad 
and outer protective casing are installed. This will allow sufficient time for the well materials to cure before 
development procedures are initiated. The main purpose of developing new monitoring wells is to remove the 
residual materials remaining in the wells after installation has been completed, and to try to re-establish the 
natural hydraulic flow conditions of the formations which may have been disturbed by well construction, 
around the immediate vicinity of each well. A new monitoring well should be developed until the column of 
water in the well is free of visible sediment, and the pH, temperature, turbidity, and specific conductivity have 
stabilized. In most cases the above requirements can be satisfied; however, in some cases the pH, temperature, 
and specific conductivity may stabilize but the water remains turbid. In this case the well may still contain well 
construction materials, such as drilling mud in the fonn of a mud cake and/or formation soils, that have not 
been washed out of the borehole. Excessive or thick drilling muds can not be flushed out of a borehole with 
one or two well volumes of flushing. Continuous flushing over a period of several days may be necessary to 
complete the well development. If the well is pumped to dryness or near dryness, the water table should be 
allowed to sufficiently recover (to the static water level) before the next development period is initiated. 
Caution should be taken when using high rate pumps and/or large volume air compressors during well 
development because excessive high rate pumping and high air pressures can damage or destroy the well screen 
and filter pack. The onsite geologist should make the decision as to the development completion of each well. 
All field decisions should be documented in the field log book. 
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The following development procedures are generally used to develop monitoring wells: 

1. Pumping; 
2. Compressed air (with the appropriate organic filter system); 
3. Bailing; 
4. Surging; 
S. Backwashing ("rawhiding"); and 
6. Jetting. 

These developmental procedures can be used, individually or in combination, in order to achieve the 
most effective well development Except when compressed air is being used for well development, sampling 
can be initiated as soon as the ground water has re-equilibrated, is free of visible sediment, and the water 
quality parameters have stabilized. Since site conditions vary, even between wells, a general rule-of-thumb is 
to wait 24 hours after development to sample a new monitoring well. Wells developed with compressed air 
normally should not be sampled for at least 48 hours after development so that the formation can dispel the 
compressed air and restabilize to pre-well construction conditions. The selected development method(s) should 
be approved by a senior field geologist before any well installation activities are initiated. 

6.9 Well Abandonment 

When a decision is made to abandon a monitoring well, the borehole should be sealed in such a manner 
that the well can not act as a conduit for migration of contaminants from the ground surface to the water table 
or between aquifers. To properly abandon a well, the preferred method is to completely remove the well casing 
and screen from the borehole, clean out the borehole, and backfill with a cement or bentonite grout, neat 
cement, or concrete. In order to comply with state well abandonment requirements, the appropriate state 
agency should be notified (if applicable) of monitoring well abandonment. However, some state requirements 
are not explicit, so a technically sound well abandonment method should be designed based on the site geology, 
well casing materials, and general condition of the well(s). 

6.9.1 Abandonment Procedures 

As previously stated the preferred method should be to completely remove the well casing and screen 
from the borehole. This may be accomplished by au gering with a hollow-stem auger over the well casing down 
to the bottom of the borehole, thereby removing the grout and filter pack materials from the hole. The well 
casing should then be removed from the hole with the drill rig. The clean borehole can then be backfilled with 
the appropriate grout material. The backfill material should be placed into the borehole from the bottom to the 
top by pressure grouting with the positive displacement method (tremie method). The top 2 feet of the borehole 
should be poured with concrete to insure a secure surface seal (plug). If the area has heavy traffic use, and/or 
the well locations need to be permanently marked, then a protective surface pad(s) and/or steel bumper guards 
should be installed. The concrete surface plug can also be recessed below ground surface if the potential for 
construction activities exists. This abandonment method can be accomplished on small diameter (l-inch to 4-
inch) wells without too much difficulty. With wells having 6-inch or larger diameters, the use ofhollow-stem 
augers for casing removal is very difficult or almost impossible. Instead of trying to ream the borehole with 
a hollow-stem auger, it is more practical to force a drill stem with a tapered wedge assembly or a solid-stem 
auger into the well casing and extract it out of the borehole. Wells with tittle or no grouted annular space 
and/or sound well casings can be removed in this manner. However, old wells with badly corroded casings 
and/or thickly grouted annular space have a tendency to twist and/or break-off in the borehole. When this 
occurs, the well will have to be grouted with the remaining casing left in the borehole. The preferred method 
in this case should be to pressure grout the borehole by placing the tremie tube to the bottom of the well casing, 
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which will be the well screen or the bottom sump area below the well screen. The pressurized grout will be • 
forced out through the well screen into the ftlter material and up the inside of the well casing sealing holes and 
breaks that are present. The tremie tube should be retracted slowly as the grout fills the casing. The well 
casing should be cut off even with the ground surface and filled with concrete to a depth of 2 feet below the 
surface. If the casing bas been broken off below the surface, the grout should be tremied to within 2 feet of 
the surface and then finished to the ground surface with concrete. The surface pad or specified surface 
protection shall then be installed. 

A PVC well casing may be more difficult to remove from the borehole than a metal casing, because 
of its brittleness. If the PVC well casing breaks during removal, the borehole should be cleaned out by using 
a drag bit or roller cone bit with the wet rotary method to grind the casing into small cuttings that will be 
flushed out of the borehole by water or drilling mud. Another method is to use a solid-stem auger with a 
carbide tooth bit to grind the PVC casing into small cuttings that will be brought to the surface on the rotating 
flights. After the casing materials have been removed from the borehole, the borehole should be cleaned out 
and pressure grouted with the approved grouting materials. As previously stated, the borehole should be 
finished with a concrete surface plug and adequate surface protection, unless directed otherwise. 

6.10 Temporary Monitoring Well Installation 

6.1 0.1 Introduction 

Five types of temporary monitoring well installation techniques have been demonstrated as acceptable. 
The type selected for a particular site is dependent upon site conditions. The project leader and site geologist • 
should be prepared to test temporary well installations on site and select the best solution. Temporary wells 
are cost effective, may be installed quickly, and provide a synoptic picture of ground water quality. 

Temporary monitoring well locations are not permanently marked, nor are their elevations normally 
determined. Sand pack materials may or may not be used, but typically there is no bentonite seal, grout, 
surface completion, or extensive development (as it normally applies to permanent monitoring wells). 
Temporary wells are generally installed, purged, sampled, removed, and backfilled in a matter of hours. 

Due to the nature of construction, turbidity levels may initially be high. However, these levels may 
be reduced by low flow purging and sampling techniques as described in Section 7.2.4. 

Temporary wells may be left overnight, for sampling the following day, but the well must be secured. 
If the well is not sampled immediately after construction, the well should be purged prior to sampling as 
specified in Section 7 .2.4. 

6.10.2 Data Limitation 

Temporary wells descn'bed in this section are best used for delineation of contaminant plumes, at a 
point in time, and for some site screening purposes. They are not intended to replace permanent monitoring 
wells. Perhaps the best use for temporary wells is in conjunction with a mobile laboratory, where quick 
arialytical results can be used to delininate contaminant plumes. 

6.10.3 Temporary Well Materials 

Materials used in construction of temporary monitoring wells are the same standard materials used in 
the construction of permanent monitoring wells. Sand used for the filter pack (if any) should be as specified 
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in Section 6.6.3. The well screen and casing should be stainless steel for ruggedness and suitability for steam 
cleaning and solvent rinsing. Other materials may be acceptable, on a case by case basis. Some commercially 
available temporary well materials, pre-packed riser, screen and filter pack assemblies are available 
commercially; however, these pre-assembled materials cannot be cleaned. Appropriate QA/QC must be 
perfonned to assure there will be no introduction of contamination. 

6.10.4 Temporary Monitoring Well Borehole Construction 

Borehole construction for temporary wells is as specified in Section 6.4, using a drill rig. 
Alternatively, boreholes may be constructed using hand augers or portable powered augers (generally limited 
to depths often feet or less). If a drill rig is used to advance the borehole, the augers must be pulled back the 
length of the well screen (or removed completely) prior to sampling. When hand augers are used, the borehole 
is advanced to the desired depth (or to the point where borehole collapse occurs). In situations where borehole 
collapse occurs, the auger bucket is typically left in the hole at the point of collapse while the temporary well 
is assembled. When the well is completely assembled, a final auger bucket of material is quickly removed and 
the well is immediately inserted into the borehole, pushing, as needed, to achieve maximum penetration into 
the saturated materials. 

6.10.5 Temporary Monitoring Well Types· 

Five.types ofmonitoring wells which have been shown to be acceptable are presented in the order of 
increasing difficulty to install and increasing cost: 

No Filter Pack 

This is the most common temporary well and is very effective in many situations. After the borehole 
is completed, the casing and screen are simply inserted. This is the most inexpensive and fastest well to install. 
This type well is extremely sensitive to turbidity fluctuations, because there is no filter pack. Care should be 
taken to not disturb the casing during purging and sampling. 

Inner Filter Pack 

This type differs from the "No Pack" only in that a ftlter pack is placed inside the screen to a level 
approximately 6 inches above the well screen. This ensures that all water within the casing has passed through 
the filter pack. For this type well to function properly, the static water level must be 6-12 inches above the 
filter pack .. 

Traditional Filter Pack 

For this type, the screen and casing are inserted into the borehole, and the sand is poured into the 
annular space surrounding the screen and casing. Occasionally, it may be difficult to effectively place a filter 
pack around shallow open boreholes, due to collapse. This method requires more sand than the "inner ftlter 
pack" well, increasing material costs. As the fllter pack is placed, it mixes with the muddy water in the 
borehole, which may increase the amount of time needed to purge the well to an acceptable level of turbidity . 
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Double Filter Pack 

The borehole is advanced to the desired depth. As with the "inner filter pack" the well screen is filled 
with filter pack material and the well screen and casing inserted until the top of the filter pack iS at least 6 
inches below the water table. Filter pack material is poured into the annular space around the well screen. This 
type temporary well construction can be very effective in aquifers where fine silts or clays predominate. This 
construction technique takes longer to implement and uses more filter pack material than others previously 
discussed. 

Well-in-a-Well 

The borehole is advanced to the desired depth. At this point, a l-inch well screen and sufficient riser 
is inserted into a 2-inch well screen with sufficient riser, and centered. Filter pack material is then placed into 
the annular space surrounding the l-inch well screen, to approximately 6 inches above the screen. The well 
is then inserted into the borehole. 

This system requires twice as much well screen and casing, with subsequent increase in material cost. 
The increased amount of well construction materials results in a corresponding increase in decontamination 
time and costs. If pre-packed wells are used, a higher degree of QAIQC will result in higher overall cost. 

6.1 0.6 Backfilling 

• 

It is the generally accepted practice to backfill the borehole from the abandoned temporary well with 
the soil cuttings. Use of cuttings would not be an acceptable practice if waste materials were encountered or • 
a confining layer was inadvertently breached. If for some reason the borehole cannot be backfilled with the 
soil cuttings, then the same protocols set forth in Section 6.9 should be applied. Section 5.15 should be 
referenced regarding disposal ofiDW. 

. . 

• 
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SECTION7 
GROUND WATER SAMPLING 

PERFORMANCE OBJECTIVES: 

• To collect a sample representative of ground water residing in the fonnation of 
interest. 

• To reduce the potential bias caused by the sampling equipment used to obtain the 
sample. 

7.1 Introduction 

Ground water sampling may be required for a variety of reasons, such as examining potable or 
industrial water supplies, checking for and/or tracking contaminant plume movement in the vicinity of a land 
disposal or spill site, Resource Conservation Recovery Act (RCRA) compliance monitoring, or examining a 
site where historical information is minimal or non-existent but where it is thought that ground water 
contamination may have occurred . 

Ground water samples are usually obtained from either temporarily or permanently installed ground 
water monitoring wells. They can also be obtained, however, anywhere ground water is present, such as in a 
pit or a dug or drilled hole. 

Occasionally, the ground water source may not be in the ideal location to meet a particular objective 
(e.g., to track a contaminant plume). In that case, either a temporary or permanent monitoring well should be 
installed. An experienced and knowledgeable person will need to locate the well and supervise its installation 
so that samples will be representative of the ground water. 

Additional guidance is given in RCRA Ground-Water Monitoring: Technical Guidance (1) and 
Chapter 11 ofSW-846 (2). The ground water sampling procedures described in this SOP will meet or exceed 
the requirements of these documents. · 

Ground water sampling procedures can be sub-divided into two areas, purging and sampling, each of 
which bas different goals and objectives. Within the topic of purging, it is necessary, because of the inherently 
different characteristics of the two types of wells, to address permanent and temporary wells separately. The 
procedures and techniques which follow in this section reflect these differences . 
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7.2 Purging 

7.2.1 Purging and Purge Adequacy 

Purging is the process of removing stagnant water from a monitoring well, immediately prior to 
sampling, causing its replacement by ground water from the adjacent fonnation, which is representative of 

. actual aquifer conditions. In order to determine when a well has been adequately purged, field investigators 
should: 1) monitor the pH, specific conductance, temperature, and turbidity of the ground water removed 
during purging; and 2) observe and record the volume of water removed. 

Prior to initiating the purge, the amount of water standing in the water column (water inside the well 
riser and screen) should be determined. To do this, the diameter of the well should be determined and the water 
level and total depth of the well are measured and recorded. Specific methodology for obtaining these 
measurements is found in Section 15.8 of this SOP. Once this information is obtained, the volume of water 
to be purged can be determined using one of several methods. One is the equation: 

Where: h = depth of water in feet 
d = diameter of well in inches 
V = volume of water in gallons 

Alternatively, the volume may be determined using a casing volume per foot factor for the appropriate 

• 

diameter well, similar to that in Table 7 .2.1. The water level is subtracted from the total depth, providing the • 
length of the water column. This length is multiplied by the factor in the Table 7.2.1 which corresponds to the 
appropriate well diameter, providing the amount of water, in gallons, contained in the well. Other acceptable 
methods include the use of nomographs or other equations or formulae. 

With respect to volume, an adequate purge is normally achieved when three to five times the volume 
of standing water in the well has been removed. The field notes should reflect the single well volume 
calculations or determinations, according to one of the above methods, and a reference to the appropriate 
multiplication of that volume, i.e., a minimum three well volumes, clearly identified as a purge volume goal. 

With respect to the ground water chemistry, an adequate purge is achieved when the pH, specific 
conductance, and temperature of the ground water have stabilized and the turbidity has either stabilized or is 
below 10 Nephelometric Turbidity Units {NTUs). Ten NTUs is the goal for most ground water sampling 
objectives. This is twice the Primary Drinking Water standard of 5 NTUs. Stabilization occurs when pH 
measurements remain constant within 0.1 Standard Unit (SU), specific conductance varies no more that 10 
percent, and the temperature is constant for at least three consecutive readings. There are no criteria 
establishing how many sets of measurements are adequate for the detennination of stability. If the calculated 
purge volume is small, the measurements should be taken frequently to provide a sufficient number of 
measurements to evaluate stability. If the purge volume is large, measurements taken every 15 minutes may 
be sufficient. 

If, after three well volumes have been removed, the chemical parameters have not stabilized according 
to the above criteria, additional well volumes may be removed. If the parameters have not stabilized within 
five volumes, it is at the discretion of the project leader whether or not to collect a sample or to continue • 
purging. The conditions of sampling should be noted in the field log. 
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TABLE7.2.1 
WELL CASING DIAMETER vs. VOLUME 

. WELL CASING DIAMETER vs. VOLUME (GALS.)IFEET ofWATER 

CASING GALLONS/FT . 
SIZE of WATER 

1 0.041 

2 0.163 

3 0.367 

4 0.653 

5 1.02 

6 1.469 

7 1.999 

8 2.611 

9 3.305 

10 4.08 

11 4.934 

12 5.875 

In some situations, even with slow purge rates, a well may be pumped or bailed dry (evacuated). In 
these situations, this generally constitutes an adequate purge and the well can be sampled following sufficient 
recovery (enough volume to allow filling of all sample containers). It is not necessary that the well be 
evacuated three times before it is sampled. The pH, specific conductance, temperature, and turbidity should 
be measured, during collection of the sample from the recovered volume, as the measurements of record for 
the sampling event 

Attempts should be made to avoid purging wells to dryness. This can be accomplished, for example, 
by slowing the purge rate. If a well is pumped dry, it may result in the sample being comprised partially of 
water contained in the sand pack, which may be reflective, at least in part, of initial, stagnant conditions. In 
addition, as water re-enters a well that is in an evacuated condition, it may cascade down the sand pack or the 
well screen, stripping volatile organic constituents that may be present and/or introducing soil fines into the 
water column. · 
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EQuipment Available 

Monitoring well purging is accomplished by using in-place plumbing and dedicated pump·s or, by using 
portable pumps/equipment when dedicated systems are not present. The equipment may consist of a variety 
of pumps, including peristaltic, large and small diameter turbine (electric submersible), bladder, centrifugal, 
gear-driven positive displacement, or other appropriate pumps.· The use of any of these pumps is usually a 
function of the depth of the well being sampled and the amount of water that is to be removed during purging. 
Whenever the head difference between the sampling location and the water level is less than the limit of suction 
and the volume to be removed is reasonably small, a peristaltic pump should be used for purging. Appendix 
E of this SOP contains the operating instructions for all pumps commonly used during Branch ground water 
investigations. 

Bailers may also be used for purging in appropriate situations, however, their use is discouraged. 
Bailers tend to disturb any sediment that may be present in the well, creating or increasing sample turbidity. 
If a bailer is used, it should be a closed-top Teflon® bailer. 

7.2.2 Purging Techniques (Wells Without Plumbing or In-Place Pumps) 

For permanently installed wells, the depth of water and depth of the well should be determined (if 
possible) before purging. Electrical water level indicators/well sounders can be used for this purpose. It is 
standard practice to mark the top of casing, providing a point of reference from which these measurements will 
be consistently made. Field investigators should look for these markings when taking these measurements. 
Extreme caution should be exercised during this procedure to prevent cross-contamination of the wells. This 
is a critical concern when samples for trace organic compounds or metals analyses are collected. At a 
minimum, the well sounding device should be cleaned by washing in a laboratory detergent solution, foiJowed 
by rinses with tap water and analyte-free water. After cleaning, it should be placed in a clean plastic bag or 
wrapped in foil. 

Purging with Pumps 

When peristaltic pumps or centrifugal pumps are used, only the intake line is placed into the water 
column. The line placed into the water should be either standard-cleaned (see Appendix B) Teflon® tubing, 
for peristaltic pumps, or standard-cleaned stainless steel pipe attached to a hose for centrifugal pumps. 

When submersible pumps (bladder, turbine, displacement, etc.) are used, the pump itself is lowered 
into the water column. The pump must be cleaned as specified in Appendix B. 

Purging with Bailers 

· Standard-cleaned (Appendix B) closed-top Teflon® bailers with Teflon® leaders and new nylon rope 
are lowered into top of the water column, allowed to flll, and removed. The water is either discarded or 
contained and managed as investigation derived waste. It is critical that bailers be slowly and gently immersed 
into the top of the water. column, particularly during final stages of purging, to minimize turbidity and 
disturbance of volatile organic constituents. The use of bailers for purging and sampling is discouraged 
because the correct technique is highly operator dependent. 

EISOPQAM 7-4 **1st Revision: March 1997 

• 

• 

• 



• Field Care of Purging EQuipment 

• 

• 

Regardless of which method is used for purging, new plastic sheeting should be placed on the ground 
surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc.,·in the event they need 
to be placed on the ground during the purging or they accidentally come into contact with the ground surface. 
It is preferable that hoses used in purging that come into contact with the ground water be kept on a spool or 
contained in a plastic-lined tub, both during transporting and during field use, to further minimize 
contamination from the transporting vehicle or ground surface. · 

Purging Entire Water Column 

The pump/hose assembly or bailer used in purging should be lowered into the top of the standing water 
column and not deep into the column. This is done so that the purging will "pull" water from the fonnation into 
the screened area of the well and up through the casing so that the entire static volume can be removed. If the 
pump is placed deep into the water column, the water above the pump may not be removed, and the subsequent 
samples, particularly if collected with a bailer, may not be representative of the ground water. 

It is recommended that no more than three to five feet of hose be lowered into the water column. If the 
recovery rate of the well is faster than the pump rate and no observable draw down occurs, the pump should 
be raised until the intake is within one foot of the top of the water column for the duration of purging. If the 
pump rate exceeds the recovery rate of the well, the pump will have to be lowered, as needed, to accommodate 
the draw down. After the pump is removed from the well, all wetted portions of the hose and the pump should 
be cleaned as outlined in Appendix B of this SOP . 

Careful consideration shall be given to using pumps to purge wells which are excessively contaminated 
with oily compounds, because it may be difficult to adequately decontaminate severely contaminated pumps 
under field conditions. When wells of this type are encountered, alternative purging methods, such as bailers, 
should be considered. 

General Low Flow/Low Stress Method Preference 

The device with the lowest pump or water removal rate and the least tendency to stress the well during 
purging should be selected for use. For example, if a bailer and a peristaltic pump both work in a given 
situation, the pump should be selected because it will greatly minimize turbidity, providing a higher quality 
sample (Section 7 .2.4 contains a description oflow flow purging and sampling with a peristaltic pump used 
in a temporary well). If a Fultz® pump or a Grundfos Redi-Flo2® could both be used, the Redi-Fio2® may 
be given preference because the speed can be controlled to provide a lower pump rate, thereby minimizing 
turbidity. 

Low Flow/Low Volume Purging Techniques/Procedures 

Alternatives to the low flow purging procedures exist and may be acceptable. The low flow/low 
volume purging is a procedure used to minimize purge water volumes. The pump intake is placed within the 
screened interval at the zone of sampling, preferably, the zone with the highest flow rate. Low flow rate 
purging is conducted after hydraulic conditions within the well have re-stabilized, usually within 24 to 48 
hours. Flow rates should not exceed the recharge rate of the aquifer. This is monitored by measuring the top 
of the water column with a water level recorder or similar device while pwnping. These techniques, however, 
are only acceptable under certain hydraulic conditions and are not considered standard procedures. 
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7.2.3 Purging Techniques- Wells with In-Place Plumbing 

Wells with in-place plumbing are commonly found at municipal water treatment plants, industrial 
water supplies, private residences, etc. Many permanent monitoring wells at active facilities are also equipped 
with dedicated, in-place pumps. The objective of purging wells with in-place pumps is the same as with 
monitoring wells without in-place pumps, i.e., to ultimately coJJect a sample representative of the ground water. 
Among the types of wells identified in· this section, two different approaches are necessary. The pennanent 
monitoring weUs with in-place pumps should, in all respects, be treated like the monitoring well without pumps. 
They generally are sampled only occasionally and require purging as described for wells without in-place 
pumps, i.e., 3 to 5 well volumes and stable parameters . 

. In the case of the other types of wells, however, not enough is generally known about the construction 
aspects of the weUs to apply the same criteria as used for monitoring wells, i.e., 3 to 5 weU volumes. The 
volume to be purged in these situations, therefore, depends on several factors: whether the pumps are running 
continuously or intennittently and whether or not any storage/pressure tanks are located between the sampling 
point and the pump. The following considerations and procedures should be followed when purging wells with 
in-place plumbing under the conditions described. 

Continuously Running Pumps 

If the pump runs more or less continuously, no purge (other than opening a valve and allowing it to 
flush for a few minutes) is necessary. If a storage tank is present, a spigot, valve or other sampling point 
should be located between the pump and the storage tank. If not, locate the valve closest to the tank. 
Measurements of pH, specific conductance, temperature, and turbidity are recorded at the time of sampling . 

Intermittently Running Pumps 

If the pump runs intennittently, it is necessary to determine, if possible, the volume to be purged, 
including storage/pressure tanks that are located prior to the sampling location. The pump should then be run 
continuously until the required volume has been purged. If construction characteristics are not known, best 
judgement should be used in establishing how long to run the pump prior to collecting the sample. Generally, 
under these conditions, 30 minutes will be adequate. Measurements of pH, specific conductance, temperature -
and turbidity should be made and recorded at intervals during the purge and the fmal measurements made at 
the time of sampling. 

7.2.4 Purging Techniques- Tempor.uy Monitoring WeJJs 

Temporary ground water monitoring wells differ from permanent wells because temporary ~ells are 
installed in the ground water for immediate sample acquisition. Wells of this type may include standard well 
screen and riser placed in boreholes created by band augering, power augering, or by drilling. They may also 
consist of a rigid rod and screen that is pushed, driven, or hammered into place to the desired sampling interval, 
such as the Direct Push Wellpoint®, the Geoprobe® and the Hydropunch®. As such, the efforts to remove 
several volumes of water to replace stagnant water do not necessarily apply in these situations, because 
generally, stagnant water is non-existent It is important to note, however, that the longer a tempor.uy well is 
in place and not sampled, the more appropriate it may be to apply, to the extent possible, standard permanent 
monitoring weJJ purging criteria to it. 

• 

• 

In cases where the tempor.uywell is to be sampled immediately after installation, purging is conducted • 
primarily to mitigate the impacts of installation. In most cases, temporary well installation procedures disturb 
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the existing aquifer conditions, resulting primarily in increased turbidity. Therefore, the goal of purging is to 
reduce the turbidity and remove the volume of water in the area directly impacted by the installation procedure. 
Low turbidity samples in these types of wells are typically and routinely achieved by the use of low-flow 
pw-ging and sampling techniques. 

The following low-flow purging technique using peristaltic p\nnps has been used routinely to achieve 
acceptably low N1U values in a variety of temporary monitoring well applications. 

In purging situations where the elevation of the top of the water column is no greater than approx
imately 25 feet below the pump head elevation, a peristaltic pump may be used to purge temporary wells. 
Enough tubing is deployed to reach the bottom of the temporary well screen. At the onset of purging, the 
tubing is slowly lowered to the bottom of the screen and is used to remove any formation material which may 
have entered the well screen during installation. This is critical to ensuring rapid achievement oflow turbidity 
conditions. After the formation material is removed from the bottom of the screen, the tubing is slowly raised 
through the water column to near the top of the column. The tubing can be held at this level to determine if 
the pump is lowering the water level in the well. If not, secure the tubing at the surface to maintain this 
pumping level. 

If the water column is lowered, and the pump is not variable speed, continue to lower the tubing as the 
water column is lowered. If a variable speed peristaltic pump is being used and draw down is observed on 
initiation of pumping, reduce the pump speed and attempt to match the draw down of the well. Sustained 
pumping at these slow rates will usually result in a relatively clear, low turbidity sample. If the draw down 
stabilizes, maintain that level, however, if it continues to lower, "chase" the water column until the well is 
evacuated. In this case, the recovered water column may be relatively free of turbidity and can be sampled. 
It may take several episodes of recovery to provide enough volume for a complete sample. 

With many of the direct push sampling techniques, no purging is conducted. The sampling device is 
simply pushed to the desired depth and opened and the sample is collected and retrieved. 

13 Sampling 

Sampling is the process of obtaining, containerizing, and preservmg the ground water sample after the 
purging process is complete. Non-dedicated pumps for sample collection generally should not be used. Many 
pumps are made of materials, such as brass, plastic, rubber, or other elastomer products which may cause 
chemical interferences with the sample. Their principle of operation may also render them unacceptable as a 
sample collection device. The pump may be turbine driven, which may release volatile organic constituents. 
It is recognized that there are situations, such as industrial or municipal supply wells or private residential 
wells, where a well may be equipped with a dedicated pump from which a sample would not normally be 
collected. Discretion should always be used in obtaining a sample. 

••wells should be sampled immediately upon completion of purging operations. If the well is 
evacuated during the purging procedures, the sample should be collected as soon as a sufficient volume of 
water bas recovered in the well. •• · 

7.3.1 Equipment Available 

Because of the problems with most pumps described in the preceding paragraph, only three devices 
should be used to collect ground water samples from most wells. These are the peristaltic pump/vacuum jug 
assembly, a stainless steel and Teflon® bladder pump, and a closed-top, Teflon® bailer. 
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Other monitoring equipment used during sampling includes water level indicators, pH meters, • 
thennometers, conductivity bridges, and nephelometers. 

7.3.2 Sampling Techniques- Wells With In-Place Plumbing 

Samples should be collected following purging from a valve or cold water tap as near to the well as 
possible, preferably prior to any storage/pressure tanks that might be present. Remove any hose that may be 
present before sample collection and reduce the flow to a low level to minimize sample disturbance, particularly 
with respect to volatile organic constituents. Samples should be collected directly into the appropriate 
containers (see Standard Sample Containers, Appendix A). Also, refer to the Potable Water Supply discussion 
in Section 2.8. All measurements for pH, specific conductance, temperature, and turbidity should be recorded 
at the time of measurement. 

7.3.3 Sampling Techniques- Wells without Plumbing 

Following purging, samples should be collected using a peristaltic pump/vacuum jug assembly, a 
Teflon®/stainless steel bladder pump, or a closed-top Teflon® bailer. These techniques are described below. 

Peristaltic pump/vacuum iug 

The peristaltic pump/vacuum jug can be used for sample collection because it allows for sample 
collection without the sample corning in contact with the pump tubing. This is accomplished by placing a 
Teflon® transfer cap assembly onto the neck of a standard cleaned 4-liter (1-gallon) glass container. Teflon® 
tubing (Y4-inch 0.0.) connects the container to both the pump and the sample source. The pump creates a 
vacuum in the container, thereby drawing the sample into the container without it coming into contact with the 
pump tubing. 

Samples for volatile organic compound analysis should be collected using a bailer or by filling the 
Teflon® tube, by one of two methods, and allowing it to drain into the sample vials. The tubing can be 
momentarily attached to the pump to fill the tube with water. After the initial water is discharged through the 
pump head, the tubing is quickly removed from the pump and a gloved thumb placed on the tubing to stop the 
water from draining out. The tubing is then removed from the well and the water allowed to drain into the 
sample vials. Alternatively, the tubing can be lowered into the well the desired depth and a gloved thumb 
placed over the end of the tubing. This method will capture the water. contained in the tubing. It can then be 
removed from the well and the water collected by draining the contents of the tubing into the sample vials. 
Under no circumstances should the sample for volatile organic compound analysis be collected from the content 
of any other previously filled container. All equipment should be cleaned using the procedures described in 
Appendix B. Also, refer to the Potable Water Supply discussion, Section 2.2, for additional infonnation. 

Bladder Pumps 

After purging has been accomplished with a bladder pump, the sample is obtained directly from the 
pump discharge. If the discharge rate of the pump, during purging, is too great, so as to make sample 
collection difficult, care should be taken to reduce the discharge rate at the onset of actual sample collection. 
This is necessary to minimize sample disturbance, particularly with respect to samples collected for volatile 
organic compounds analysis. 
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• Bailers 

• 

• 

When bailing, new plastic sheeting should be placed on the ground around each well to provide a clean 
working area. The nylon rope should be attached to the bailer via a Teflon® coated stainless steel wire. This 
coated wire is semi-permanently attached to the bailer and is decontaminated for reuse as the bailer is cleaned. 
The bailer should be gently immersed in the top of the water column until just filled. At this point, the bailer 
should be carefully removed and the contents emptied into the appropriate sample containers. 

7.3.4 Sample Preservation 

Immediately after collection, all samples requiring preservation must be preserved with the appropriate 
preservative. Consult Appendix A for the correct preservative for ·the particular analytes of interest. All 
samples preserved using a pH adjustment (except VOCs) must be checked, using pH strips, to ensure that they 
were adequately preserved. This is done by pouring a small volume of sample over the strip. Do not place the 
strip in the sample. 

7.3.5 Special Sample Collection Procedures 

Trace Organic Compounds and Metals 

Special sample handling procedures should be instituted when trace contaminant samples are being 
collected. All sampling equipment, including pumps, bailers, water level measurement equipment, etc., which 
comes into contact with the water in the well must be cleaned in accordance with the cleaning procedures 
described in Appendix B. Pumps should not be used for sampling, unless the interior and exterior portions of 
the pump and the discharge hoses are thoroughly cleaned. Blank samples should be collected to determine the 
adequacy of cleaning prior to collection of any sample using a pump. 

Filtering 

As a standard practice, ground water samples will not be filtered for routine analysis. Filtering will 
usually only be performed to determine the fraction of major ions and trace metals passing the filter and used 
for flow system analysis and for the purpose of geochemical speciation modeling. Filtration is not allowed to 
correct for improperly designed or constructed monitoring wells, inappropriate sampling methods, or poor 
sampling technique. 

When samples are collected for routine analyses and are filtered, such as under conditions of excessive 
turbidity, both filtered and non-filtered samples will be submitted for analyses. Samples for organic 
compounds analysis should not be filtered. Prior to filtration of the ground water sample for any reason 
other than geochemical speciation modeling, the following criteria must be demonstrated to justify the use of 
filtered samples for inorganic analysis: 

1. The monitoring wells, whether temporary or permanent, have been constructed and developed 
in accordance with Section 6. 

2. 

EISOPQAM 

The ground water samples were collected using sampling techniques in accordance with this 
section, and the ground water samples were analyzed in accordance with US-EPA approved 
methods. 
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3. Efforts have been undertaken to minimize any persistent sample turbiditY problems. These 
efforts may consist of the following; 

• Redevelopment or re-installation of permanent ground water monitoring wells. 

• Implementation of low flow/low stress purging and sampling techniques. 

4. Turbidity measurements should be taken during purging and sampling to demonstrate 
stabilization or lack thereof. These measurements should be documented in the field notes. 

If the ground water sample appears to have either a chemically-induced elevated turbidity, such as 
would occur with precipitate formation, or a naturally elevated colloid or fme, particulate-related turbidity, 
filtration will not be allowed. 

If filtration is necessary for purposes of geochemical modeling or other pre-approved cases, the 
following procedures are suggested: 

1. Accomplish in-line filtration through the use of disposable, high capacity filter cartridges 
(barrel-type) or membrane filters in an in-line filter apparatus. The high capacity, barrel-type 
filter is preferred due to the higher surface area associated with this configuration. If a 
membrane filter is utilized, a minimum diameter of 142 mm is suggested. 

2 .. Use a 5 J1111 pore-size filter for the purpose of determining the colloidal constituent 
concentrations. A 0.1 Jll11 pore-size filter should be used to remove most non-dissolved 
particles. 

3. Rinse the cartridge or barrel-type filter with 500 milliliters of the solute (ground water to be 
sampled) prior to collection of sample. If a membrane filter is used, rinse with 100 milliliters 
of solute prior to sample collection. 

Potential differences could result from variations in filtration procedures used to process water samples 
for the determination of trace element concentrations. A number of factors associated with filtration can 
substantially alter "dissolved" trace element concentrations; these include filter pore size, filter type, filter 
diameter, flltration method, volume of sample processed, suspended sediment concentration, suspended 
sediment grain-size distribution, concentration of colloids and colloidally-associated trace elements, and 
concentration of organic matter. Therefore, consistency is critical in the comparison of short-term and long
term results. ·Further guidance on filtration may be obtained from the following; 1) Metals in ground Water: 
Sampling Artifacts and Reoroducibilitv (3); 2) Filtration of Ground Water Samples for Metals Analysis (4); 
and 3) Ground Water Sampling- A Workshop Summarv (5). 

Bacterial Sampling 

Whenever wells (normally potable wells) are sampled for bacteriological parameters, care must be 
taken to ensure the sterility of all sampling equipment and all other equipment entering the well. Further 
information regarding bacteriological sampling is available in the following: 1). Sampling for Organic 
Chemicals and Microorganisms in the Subsurface (6); 2) Handbook for Evaluating Water Bacteriological 
Laboratories (7); and 3) Microbiological Methods for Monitoring the Environment. Water and Wastes (8). 

EISOPQAM 7- 10 • *1st Revision: March 1997 

• 

• 

• 



• 7.3.6 Specific Sampling Equipment Quality Assurance Techniques 

• 

• 

All equipment used to collect ground water samples shall be cleaned as outlined in Appendix B and 
repaire~ if necessary, before being stored at the conclusion of field studies. Cleaning procedures utilized in 
the field (Appendix B), or field repairs shall be thoroughly documented in field records. 

7.3.7 Auxiliary Data Collection 

During ground water sample collection, it is important to record a variety of ground water related data. 
Included in the category of auxiliary data are water level measurements, well volume determinations, pumping 
rates during purging, and occasionally, drillers or boring logs. This infonnation should be documented in the 
field records. Well volume determinations are described in Section 7.2.1. 
Water Level Measurements 

Water table measurements from the top of the well casings (referenced to National Geodetic Vertical 
Datum) in permanent wells, and ground surface elevations in temporary wells should be made to assist in 
detennining the general direction of ground water flow and gradient. The methodology to be used to determine 
well water levels are given in Section 15.8. Tracer dyes and radioactive and thennal detection methods can 
be used to determine direction and velocities of flow (9). Also, a study of the general topography and drainage 
patterns will generally indicate direction of ground water flow. 

The ground surface elevation and top of casing elevation at the wells should be determined by standard 
engineering survey practices as outlined in Section 1 S . 

Well Pumping Rate- Bucket/Stop Watch Method 

The pumping rate for a pump can be determined by collecting the discharge from the pump in a bucket 
of known volume and timing how long it takes to fill the bucket. The pumping rate should be in gallons per 
minute. This method shall be used primarily with pumps with a constant pump rate, such as gasoline-powered 
or electric submersible pumps. Care should be taken when using this method with some battery-powered 
pumps. As the batteries' charge decreases, the pump rate also decreases so that pumping rate calculations 
using initial, high pump rates may be erroneously high. If this method is used with battery-powered pumps, 
the rate should be re-checked frequently to ensure accuracy of the pumping rate calculations . 

EISOPQAM 7-11 **1st Revision: March 1997 



7.4 References 

1. US EPA., RCRA Qroupd-Water Monitorlngj Draft Technical Guidance, November 1992, Office of 
Solid Waste, EPA/530-R-93-001. 

2. US EPA., Test Methods for Evaluating Solid Waste. volume ll: Field Manual. Physical/Chemical 
Methods, November 1986, Office of Solid Waste and Emergency Response, SW-846. · 

3. · Puts, Robert W., Don A. Clark, and Bert Bledsoe. Metals in Ground Water: Sampling Artifacts and 
Reproducibility. Hazardous Waste and Hazardous Materials 9(2): 149-162 (1992). 

4. Puis, Robert W., and Michael J. Barcelona.· filtration of Ground Water Samples for Metals Analysis. 
Hazardous Waste and Hazardous Materials 6(4): 385-393 (1989). 

5. Ground Water Sampling- A WorkshQp Summarv. Proceedings from the Dallas, Texas November 30 
-December 2, 1993 Workshop. US EPA Office of Research and Development RobertS. Kerr 
Environmental Research Laboratory. EPA/600/R-94/205, January 1995. 

6. Sampling for Organic Chemicals and Microorganisms in the Subsurface, US EPA, EP A-600/2-77/176 
(1977). 

7. Handbook for Evaluating Water Bacteriological Laboratories, US EPA, ORO, Municipal 
Environmental Research Laboratory, Cincinnati, Ohio, 1975. 

8. Microbiological Methods for Monitoring the Environment. Water and Wastes, US EPA, ORD, 
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio, 1978. 

9. "Groundwater", Section 18, USDA-SCS National Engineering Handbook. United States Department 
of Agriculture, Soil Conservation Service, 1978. 

EISOPQAM 7-12 **1st Revision: March 1997 

• 

• 

•• 



• 7.3.6 Specific Sampling Equipment Quality Assurance Techniques 

• 

• 

All equipment used to collect ground water samples shall be cleaned as outlined in Appendix B and 
repaired, if necessary, before being stored at the conclusion of field studies. Cleaning procedures utilized in 
the field (Appendix B), or field repairs shall be thoroughly documented in field records. 

7.3.7 Auxiliary Data Collection 

During ground water sample collection, it is important to record a variety of ground water related data. 
Included in the category of auxiliary data are water level measurements, well volume determinations, pumping 
rates during purging, and occasionally, drillers or boring logs. This information should be documented in the 
field records. Well volume determinations are described in Section 7.2.1. 
Water Level Measurements 

Water table measurements from the top of the well casings (referenced to National Geodetic Vertical 
Datum) in permanent wells, and ground surface elevations in temporary wells should be made to assist in 
determining the general direction of ground water flow and gradient The methodology to be used to detennine 
well water levels are given in Section 15.8. Tracer dyes and radioactive and thermal detection methods can 
be used to determine direction and velocities of flow (9). Also, a study of the general topography and drainage 
patterns will generally indicate direction of ground water flow. 

The ground surface elevation and top of casing elevation at the wells should be determined by standard 
engineering survey practices as outlined in Section IS . 

Well Pumping Rate- Bucket/Stop Watch Method 

The pumping rate for a pump can be determined by collecting the discharge from the pump in a bucket 
of known volume and timing how tong it takes to fill the bucket The pumping rate should be in gallons per 
minute. This method shall be used primarily with pumps with a constant pump rate, such as gasoline-powered 
or electric submersible pumps. Care should be taken when using this method with some battery-powered 
pumps. As the batteries' charge decreases, the pump rate also decreases so that pumping rate calculations 
using initial, high pump rates may be erroneously high. If this method is used with battery-powered pumps, 
the rate should be re-checked frequently to ensure accuracy of the pumping rate calculations . 
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LOW-FLOW (MINIMAL DRAWDOWN) 
GROUND-WATER SAMPLING PROCEDURES 

by Robert W. Puls1 and Michael J. Barcelona2 

Backgrounet 

The Regional Superfund Ground Water Forum is a 
group of ground-water scientists, representing EPA's 
Regional Superfund Offices. organized to exchange 
information related to ground-water remediation at Superfund 
sites. One of the major concerns of the Forum is the 
sampling of ground water to support site assessment and 
remedial performance monitoring objectives. This paper is 
Intended to provi~e background information on the 
development of low-now sampling procedures and its 
application under a variety of hydrogeologic settings. It is 
hoped that the paper will suppo~ the production of standard 
operating procedures for use by EPA Regional personnel and 
other environmental professionals engaged in ground-water 
sampling. 

For further information contact: Robert Puis, 405·436-8543, 
Subsurface Remediation and Protection Division, NRMRL, 
Ada, Oklahoma. 

I. Introduction 

The methods and objectives of ground-water 
sampling to assess water quality have evolved over time. 
Initially the emphasis was on the assessment of water quality 
of aquifers as sources of drinking water. Large water-bearing 

-units were identified and sampled in keeping with that 
objectiye. These were highly productive aquifers that 
supplied drinking water via private wells or through public 
water supply systems. Graduany, with the Increasing aware
ness of subsurface pollution of these water resources, the 
understanding of complex hydrogeochemical processes 
which govern the fate and transport of contaminants in the 
subsurface increased. This increase in understanding was 
also due to advances in a number of scientific disciplines and 
improvements in tools used for site characterization and 
ground-water sampling. Ground-water quality Investigations 
where ponution was detected initially borrowed ideas, 
methods, and materials for site characterization from the 
water supply field and water analysis from public health 
practices. This included the materials and manner in which 
monitoring wells were installed and the way in which water 
was brought to the surface, treated, preserved and analyzed. 
The prevailing conceptual Ideas included convenient generali
zations of ground-water resources In terms of large and 
relatively homogeneous hydrologic units; With time It became 
apparent that conventional water supply generalizations of 
homogeneity d'd not adequately represent field data regard
Ing poUution of these subsurface resources. The Important 
role of heterogeneity became Increasingly clear not only In 
geologic terms, but also in terms of complex physical, 
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chemical and biological subsurface processes. With greater 
appreciation of the role of heterogeneity, It became evident 
that subsurface ponutlon wu ubiquitous and encompassed 
the unsaturated zone to the deep subsurface and Included 
unconsolidated sediments, fractured rock, and aquitards or 
low-yielding or impermeable formations. Small-scale pro
cesses and heterogeneities were shown to be Important In 
Identifying contaminant distributions and in controlling water 
and contaminant flow paths. 

It is beyond the scope of this paper to summarize all 
the advances in the field of ground·water quafity lnvestiga· 
lions and remediation, but two particular issues have bearing 
on ground-water sampling today: aquifer heterogeneity and 
colloidal transport. Aquifer heterogeneities affect contaminant 
flow paths and include variations In geology, geochemistry, 
hydrology and microbiology. As methods and the tools 
available for subsurface investigations have become increas· 
lngly sophisticated and understanding of the subsurface 
environment has advanced, there is an awareness that in 
most cases a primary concern for site investigations is _ 
characterization of contaminant now paths rather than entire 
aquifers. In fact, in many cases. plume thickness can be less 
than well screen lengths (e.g., 3·6 m) typically installed at 
hazardous waste sites to detect and monitor plume movement 
over time. Small-Scare differences havq Increasingly been 
shown to be important and there is a general trend toward 
smaller diameter wells and shorter screens. · 

The hydrogeochemical significance of colloidal-size 
particles in subsurface systems has been realized during the 
past several years (Gschwend and Reynolds, 1987; McCarthy 
and Zachara, 1989; Puts, 1990; Ryan and Gschwend, 1990). 
This realization resulted from both field and laboratory studies 
that showed faster contaminant migration over greater 
distances and at higher concentrations than flow and trans· 
port model predictions would suggest (Buddemeier and Hunt, 
1988; Enfield and Bengtsson, 1988; Penrose et al., 1990). 
Such models typically account for interaction between the 
mobile aqueous and immobile solid phases, but do not allow 
for a mobile, reactive solid phase. It is recognition of this third 
phase as a possible means of contaminant transport that has 
brought increasing attention to the maMer In which samples 
are collected and processed for analysis (Puts et al., 1990; 
McCarthy and Degueldre, 1993; Backhus et at., 1993; U.S. 
EPA, 1995).1f such a phase is present in sufficient mass, 
possesses high sorption reactivity, large surface area, and 
remains stable In suspension, it can serve as an important 
mechanism to facilitate contaminant transport in many types 
of subsurface systems. 

Colloids are particles that are sufficiently small so 
that the surface free energy of the particle dominates the bulk 
free energy. Typically, In ground water, this includes particles 
with diameters between 1 and 1000 nm. The most commonly 
observed mobile particles include: secondary day minerals; 
hydrous iron, aluminum, and manganese oxides; dissolved 
and particulate organic materials, and viruses and bacteria. 
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These reactive particles have been shown to be mobile under • 
a variety of conditions In both field studies and laboratory 
column experiments, and as such need to be Included In 
monlrorfng programs where rdenlffication of the total mobile 
contaminant loading (dissolved + naturally suspended 
particles) at a site Is an objective. To that end, sampnng 
me_thodologles must be used which do not artificially bias 
naturally suspended particle concentrations. 

Currently the most common grouild·water purging 
and sampling methodology Is to purge a well using bailers or 
high speed pumps to remove 3 to 5 casing volumes followed 
by sample collection. This method can cause adverse Impacts· 
on sample quality through collection of samples with high 
levels of turbidity. This results In the inclusion of otherwise 
Immobile artifactual particles which produce an overestlma· 
tion of certain analytes of interest (e.g., metals or hydrophobic 
organic compounds). Numerous documented problems 
associated with filtration (Danielsson, 1982; Laxen and 
Chandler, 1982; Horowitz et al., 1992} make Jhis an undesir· 
able method of rectifying the turbidity problem, and include 
the removal of potentially mobile (contaminant-associated) 
particles during filtration, thus artificially biasing contaminant 
concentrations low. Sampling·induced turbidity problems can 
often be mitigated by using low-flow purging and sampling 
techniques. 

Current subsurface conceptual models have under· 
gone considerable refinement due to the recent development 
and increased use of field screening toots. So-called 
hydraulic push technologies (e.g., cone penetrometer, 
Geoprobe®, OED HydroPunch®) enable relatively fast 
screening site characterization which can then be used to 
design and install a monitoring well network. Indeed, 
alternatives to conventional monitoring wells are now being 

·considered for some hydrogeologic settings. The ultimate 
design of any monitoring system should however be based 
upon adequate site characterization and be consistent with 
established monitoring objectives. 

If the sampling program objectives include accurate 
assessment of the magnitude and extent of subsurface 
contamination over time and/or accurate assessment of 
subsequent remedial performance, then some information 
regarding plume delineation in three-dimensional space is 
necessary prior to monitoring well network design and 
installation. This can b8 accomplished with a variety of 
different tools and equipment ranging from hand-operated 
augers to screening tools mentioned above and large drilling 
rigs. Detailed information on ground-water flow velocity, 
direction, and horizontal and vertical variability are essential 
baseline data requirements. Detailed soil and geologic data 
are required prior to and during the Installation of sampling 
points. This Includes historical as well as detailed soli and 
geologic logs which accumulate during the site Investigation. 
The use of borehole geophysical techniques Is also recom
mended. With this Information (together with other site 
characterization data) and a clear understanding of sampHng 
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Gbjectives. then appropriate location, ICI'Hn length, well 
diameter, slot size, etc. for the monitoring well network can be 

••·· dec:ICsed. This Is especially critical for new In situ remedial 
approaches or natural attenuation assessments at hazardous 
waste sites. 

In general, the overall goal of any ground-water 
sampling program Is to collect water samples_wlth no alter· 
atlon In water chemistry; analytical data thus obtained roay be 
used for a variety of specific monitoring programs depending 
on the regulatory requirements. The sampling methodology 
described in this paper assumes that the monitoring goal Is to 
sample monitoring wells for the presence of contaminants and 
It is applicable whether mobile colloids are a concern or not 
and whether the analytes of concern are metals (and metal· 
loids) or organic compounds. 

II. Monitoring Objectives and Design 
Considerations 

The following issues are important to consider prior 
to the design and implementation of any ground-water 
monitoring program, including those which anticipate using 
low-now purging and sampling procedures. 

A. Data Quality Objectives (DOOs) 

Monitoring objectives include four main types: 
detection, assessment, corrective-action evaluation and 
resource evaluation, along with hybrid variations such as site
assessments for property transfers and water availability 
investigations. Monitoring objectives may change as contami
nation or water quality problems are discovered. However, 
there are a number or common components or monitoring 
programs which should be recognized as Important regard· 
less of initial objectives. These components include: 

1) Development of a conceptual model that incorporates 
elements or the regional geology to the local geologic 
framework. The conceptual model development also 
includes initial site characterization efforts to Identify 
hydrostratigraphic units and likely flow-paths using a 
minimum number of borings and well completions; 

2) Cost-effective and well documented collection of high 
quality data utilizing simple, accurate, and reproduc· 
ible techniques: and 

3) Refinement of the conceptual model based on 
supplementary data collection and analysis. 

These fundamental components serve many types of monitor
ing programs and provide a basis for future efforts that evolve 
in complexity and level of spatial detail as purposes and 
objectives expand. High quality, reproducible data collection 
is a common goal regardless of program objectives • 
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High quality data collection Implies data of IUflldent 
accuracy, precision, and completeness (I.e., ratio of valid 
analytical results to the minimum sample number called for by 
the program design) to meet the program objectlves. At:t:u
racy depends on the correct choice of monitoring tools and 
procedures to minimize sample and subsurface clsturbance 
from coUectlon to analysis. Precision depends on the 
repeatabiDty of sampling and analytfcal protocols. It can be 
assured or Improved by replication of sample analyses 
Including blanks, fieldllab standards and reference standards. 

B. Sample Representativeness 

An important goal of any monitoring program Is 
collection of data that is truly representative of conditions at 
the site. The term representativeness applies to chemical and 
hydrogeologic data collected via wells, borings, piezometers, 
geophysical and soil gas measurements, fyslmeters, and 
temporary sampling points. It involves a recognition of the 
statistical variability of individual subsurface physical proper· 
ties, and contaminant or major ion concentration levels, while 
explaining extreme values. Subsurface temporal and spatial 
variability are facts. Good professional practice seeks to 
maximize representativeness by using proven accurate and 
reproducible techniques to define limits on the distribution of 
measurements collected at a site. However, measures of 
representativeness are dynamic and are controlled by , 
evolving site characterization and monitoring objectives. An 
evolutionary site characterization model, as shown in Fig· 
ure 1, provides a systematic approach to the goal of consis~ 
tent data collection. 

~ - _. o.r .... Program ObjKtivM 

' Eatablah Data Qualtr 

_., OafiN fjpllng and 
lvolullonaryllta Arwlflleal Protocola 

Clw.lion ~ 
Appfr Protocola 

I ' •.,. ltafl,. Protocollo .,_ _ -> II a .. Site Daclalolw 

Figure ~. Evolutionary Site Characterization Model 

The model emphasizes a recognition of the causes of the 
variablnty (e.g •• use of inappropriate technology such as using 
bailers to purge wells: Imprecise or operator-dependent 
methods) and the need to control avoidable errors. 



1) Qu_estions of Scale 

. A sampling plan designed to coiled representative 
.. samples must take Into account the potential scale of 
· ·Changes In site conditions through space and time as wen as 

the chemical associations and behavior of the parameters 
that are targeted for Investigation. In subsurface system~, 
physical (I.e., aquifer) and chemical properties over time or 
space are not statistically Independent. In fact, samples 
taken In dose proximity (I.e., within distances of a few meters) 
or within short time periods (i.e., more frequently than 
monthly) are highly auto-correlated. This means that designs 
employing high-sampling frequency (e.g., monthly) or dense 
spatial monitoring designs run the risk of redundant data 
colledion and misleading Inferences regarding trends In 
values that arenl statisticany valid. In practice, contaminant 
detection and assessment monitoring programs rarely suffer 
these over-sampling concems. In corrective-action evaluation 
programs, It is also possible that too little data may be 
colleded over space or time. In these cases, false lnterpreta· 
tion of the spatial extent of contamination or underestimation 
of temporal concentration variability may result •. 

2) Target Parameters 

Parameter selection in monitoring j,rogram design is 
most often dictated by the regulatory status or the site. 
However, background water quality constituents, purging 
indicator parameters. and contaminants, all represent targets 
for data collection programs. The tools and procedures used 
in these programs should be equally rigorous and applicable 
to all categories of data, since all may be needed ~o deter· 
mine or support regulatory action. 

C. Sampling Point Design snd Construction 

Detailed site characterization is central to all 
decision·making purposes and the basis for this characteriza· 
tion resides in identification of the geologic framework and 
major hydro-stratigraphic units. Fundamental data for sample 
point location include: subsurface lithology, head-differences 
and background geochemical conditions. Each sampling point 
has a proper use or uses which should be documented at a 
lever which is appropriate for the program's data quality 
objectives. Individual sampling points may not always be 
able to fulfill multiple monitoring objectives (e.g., detection, 
assessment, corrective action). 

1} Compatibility with Monitoring Program and Data 
Quality Objectives 

Specifics of sampling point location and design will 
be dictated by the complexity of subsurface lithology and 

. variability In contaminant and/or geochemical concltlons. It 
should be noted that, regardless of the ground-water sam· 
piing approach, few sampling points (e.g., wells, drive-points, 
screened augers) have zones of Influence In excess of a few 
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feeL Therefore, the spatial frequent)' of sampling points 
should be carefully selected and designed • 

2) Flexibility of Sampling Point Design 

In most cases weN-point diameters In excess of 1 718 
Inches wm permit the use of most types of submersible 
pumping devices for low-flow (minimal drawdown) sampling. 
It is suggested that short (e.g., less than 1.6 m) screens be 
Incorporated Into the monitoring design where possible so 
that comparable results from one device to another might be 
expected. Short, of course, Is relative to the degree of vertical 
water quality variability expected at a site. 

3) Equilibration of Sampling Point 

Time should be allowed for equilibration of the well 
or sampling point with the formation after installation. Place· 
ment of well or sampling points In the subsurface produces 
some disturbance of ambient conditions. Drilling techniques 
(e.g .• auger, rotary, etc.) are generally considered to cause 
more disturbance than direct-push technologies. In either 
case, there may be a period (i.e., days to months) during • 
which water quality near the point may be disiinctly different 
from that in the formation. Proper development of the sam
pling point and adjacent formation to remove fines created 
during emplacement will shorten this water quality recovery 
period. 

Ill. Definition of Low-Flow Purging and Sampling 

It is generally accepted that water in the well casing 
· is non-representative of the formation water and needs to be 

purged prior to collection of ground-water samples. However, 
the water in the screened interval inay indeed be represent&· 
tive of the formation, depending upon well construction and 
site hydrogeology. Wells are purged to some extent for the 
following reasons: the presence or the air interface at the top 
of the water column resulting in an oxygen concentration 
gradient with depth, loss of volatiles up the water column, 
leaching from or sorption to the casing or filter pack, chemical 
changes due to day seals or backfill, and surface infiltration. 

Low-trow purging, whether using portable or dedi· 
cared systems, should be done using pump-Intake located In 
the middle or slightly above the middle of the screened 
interval. Placement of the pump too dose to the bottom of the 
well will cause Increased entrainment of solids which have 
collected In the well over time. These particles are present as 
a result of wen development, prior purging and sampling 
events, and natural colloidal transport and depoSition. 
Therefore, placement of the pump In the middle or toward the 
top of lhe screened Interval is suggested. Placement of the 
pump at the top of the water column for sampling is only 
recommended In unconfined aquifers, screened across the 
water table, where this Is the desired sampDng point. Low· 
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flow purging has the advantage of minimizing mixing between 
the overtying stagnant casing water and water within the 
screened Interval. 

A. Low~Fiow Purging and Sampling 

Low-now refers to the velocity with which water 
enters the pump Intake and that Is Imparted to the formation 
pore water in the Immediate vicinity of the well screen. It 
does not necessarily refer to the now rate of water discharged 
at the surface which can be affected by flow regulators or 
restrictions. Water level drawdown provides the best Indica
tion of the stress Imparted by a given now-rate for a given 
hydrological situation. The objective is to pump In a manner 
that minimizes stress (drawdown) to the system to the extent 
practical taking Into account established site sampling 
objectives. Typically, now rates on the order of 0.1 • 0.5 Umln 
are used, however this Is dependent on site-specific 
hydrogeology. Some extremely coarse-textured formations 
have been successfully sampled in this manner at now rates 
to 1 Umin. The effectiveness of using low-flow purging is 
intimately linked with proper screen location, screen length, 
and well construction and development techniques. The 
reestablishment of natural now paths in both the vertical and 
horizontal directions is important for correct Interpretation of 
the data. For high resolution sampling needs, screens less 
than 1 m should be used. Most of the need for purging has 
been found to be due to passing the sampling device through 
the overlying casing water which causes mixing of these 
stagnant waters and the dynamic waters within the screened 
interval. Additionally, there is disturbance to suspended 
sediment coliected in the bottom of the casing and the 
displacement of water out into the formation immediately 
adjacent to the well screen. These disturbances and impacts 
can be avoided using dedicated sampling equipment, which 
precludes the need to insert the sampling device prior to 
purging and sampling. 

Isolation of the screened interval water from the 
overlying stagnant casing water may be accomplished using 
low·flow minimal drawdown techniques. If the pump Intake Is 
located within the screened interval, most of the water 
pumped will be drawn in directly from the formation with little 
mixing of casing water or disturbance to the sampling zone. 
However, If the wells are not constructed and developed 
properly, zones other than those Intended may be sampled. 
At some sites where geologic heterogeneities are suffiCiently 
different within the screened Interval, higher conductivity 
zones may be preferentially sampled. This Is another reason 
to use shorter screened Intervals, especially where high 
spatial resolution is a sampling objective. 

B. Water Quality Indicator Parameters 

· It Is recommended that water quality Indicator 
parameters be used to determlne purging needs prior to 
sample eollectlon In each weD. Stabilization of parameters 
such as pH, specific conductance, dissolved oxygen, oxlda· 
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lion-reduction potential, temperature and turbidity should be 
used to determine when formation water Ia accessed during 
purging. In general, the order of stabilization Is pH, tempera
ture, and specific conductance, fonowect by oxidation
reduction potential, dissolved oxygen and turbidity. Tempera
ture and pH, while commonly used as purging lncfiCitors, are 
actuaRy quite Insensitive In distinguishing between formation 
water and stagnant casing water: nevertheless, these are 
Important parameters for data Interpretation purposes and 
should also be measured. Performance criteria for determi
nation of stabilization should be based on water-level draw
down, pumping rate and equipment specifications for measur
Ing Indicator parameters. Instruments are available which 
utilize In-line now cells to continuously measure the.above 
parameters. 

It is important to establish specific well stabilization 
criteria and then consistently follow the same methods 
thereafter, particularly with respect to drawdown, flow rate 
and sampling device. Generally, the time or purge volume 
required for parameter stabilization Is independent of well 
depth or well volumes. Dependent variables are well diam
eter, sampling device, hydrogeochemistry, pump flow rate, 
and whether the devices are used in a portable or dedicated 
manner. If the sampling device is already In place O.e., 
dedicated sampling systems), then the time and purge 
volume needed for stabilization is much shorter. Other 
advantages of dedicated equipment include less purge water 
for waste disposal, much less decontamination of equipment, 
less time spent in preparation of sampling as well as time In 
the field, and more consistency In the sampling approach 
which probably will translate into less variability in sampling 
results. The use of dedicated equipment is strongly recom
mended at wells which will undergo routine sampling over 
time. 

If parameter stabilization criteria are too stringent, 
then minor oscillations In indicator parameters may cause 
purging operations to become unnecessarily protracted. It 
should also be noted that turbidity is a very conservative 
parameter in terms of stabilization. Turbidity is always the 
last parameter to stabilize. Excessive purge times are 
Invariably related to the establishment of too stringent turbidity 
stabilization criteria. It should be noted that natural turbidity 
levels in ground water may exceed 1 0 nephelometric turbicrlty 
units (NTU). 

C. Advantages and Disadvantages of Low-Flow 
(Minimum Drawdown) Purging · · 

In general, the advantages of low-now purging 
Include: 

• samples which are representative of the mobl7eload of 
contaminants present (dissolved and colloid-associ· 
ated); 

• minimal disturbance of the sampling point thtireby 
minimizing sampDng artifacts; 

• less operator variability, greater operator control; 



• reduced stress on the formation (minimal drawdown); 
• less mixing of stagnant casing water wfth formation 

water: 
• reduced need for filtration and, therefore, less time 

required for sampling; 
• smaller purging volume which decreases waste 

disposal costs and sampling time: 
• better sample consistency; reduced artificial sample 

viriabBity. · 

Some disadvantages of low-ftow purging are: 
• higher initial capital costs, 
• greater set-up time in the field, 
• need to transport additional equipment to and from the 

site, 
• Increased training needs, 
• resistance to change on the part of sampling practitio· 

ners, 
• concern that new data will indicate a change In 

conditions and trigger an action. 

IV. Low-Flow (Minimal Drawdown) Sampling 
Protocols 

The following ground-water sampling procedure has 
·evolved over many years of experience in ground-water 
sampling for organic and inorganic compound determinations 
and as such summarizes the authors' (and others) experi· 
ences to date (Barcelona alai., 1984, 1994; Barcelona and 
Helfrich, 1986; Puis and Barcelona, 1989; Puis et. al. 1990, 
1992; Puis and Powell, 1992; Puis and Paul, 1995). High· 
quality chemical data collection is essential in ground-water 
monitoring and site characterization. The primary limitations 
to the collection of representative ground-water samples 
include: mixing or the stagnant casing and fresh screen 
waters during insertion of the sampling device or ground· 
water level measurement device; disturbance and 
resuspension of settled solids at the bottom of the well when 

· using high pumping rates or raising and lowering a pump or 
bailer; Introduction of atmospheric gases or degassing from 
the water during sample handling and transfer, or inapproprl· 
ate use of vacuum sampling device, etc. 

A. Sampling Recommendations 

Water samples should not be taken immediately 
following well development Sufficient time should be allowed 
for the ground-water flow regime In the vicinity of the monitor· 
lng wen to stabmze and to approach chemical equilibrium with 
the well construction materials. This Jag time will depend on 
llte conditions and methods of installation but often exceeds 
one week. 

Well purging Is nearly always necessary 1D obtain 
samples of water flowing through the geologic formations In 
the screened interval. Rather than using a general but 
arbltr8ry guideline of purging three casing volumes prior to 
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sampling, It II recommended that an fn..Jine water qu8Dty 
measurement device (e.g., flow-through ceU) be used 1D 
establish the stabilization time for several parameter~ (e.g •• 
pH, specific conductance, redox, dissolved oxygen, turbidity) 
on a wen-spec!rlc basis: Data on pumping rate, drawdown. 
and volume required for parameter stabilization can be used 
as a guide for conducting subsequent sampling actMties. 

The fonowlng are recommendations to be considered 
before, during and after sampling: 

• use low-flow rates (<0.5 Umln), during both purging 
. and sampling to maintain minimal drawdown In the . 
well; 

• maximize tubing wall thickness, minimize tubing 
length; 

• place the sampling device intake at tha desired 
sampling pglnt; · 

• minimize disturbances of the stagnant water column 
above the screened Interval during water level 
measurement and sampling device Insertion; 

• make proper adjustments to stabilize the flow rate as 
soon as possible; 

· • monitor water quality Indicators during purging; 
• collect unfiltered samples to estimate contaminant 

loading and transport potential in the subsurface 
system. 

B. Equipment Calibration 

Prior to sampling, all sampling device and monitoring 
equipment should be calibrated according to manufacturer's 
recommendations and the site Quality Assurance Project Plan 
(OAPP) and Field Sampling Plan (FSP). Calibration of pH 
should be performed with at least two buffers which bracket 
the expected range. Dissolved oxygen calibration must be 
corrected for local barometric pressure readings and eleva· 
tion. 

C. Water Level Measurement and Monitoring 

It is recommended that a device be used which will 
least disturb the water surface in the casing. Wen depth 
should be obtained from the well logs. Measuring to the 
bottom of the well casing wm only cause resuspension of 
settled solids from the formation and require longer purging 
times for turbidity equilibration. Measure well depth after 
sampling Is completed. The water level measurement should 
be taken from a permanent reference point which Is surveyed 
relative to ground elevation. 

D. PumpType 

The use of low-flow (e.g., 0.1.0.5 Umin) pumps Is 
suggested for purging and sampling all types of analytes. AI! 
pumps have some limitation and these should be Investigated 
with respect to application at a particular aile. Ballera are 
Inappropriate devices for low-flow sampling. 

• 

• 

• 
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1) General Considerations 

There are no unusual requirements for ground-water 
sampling devices when using low-flow, minimal drawdown 
techniques. The major concern Is that the device give 
consistent results and minimal disturbance of the sample 
across a range of /ow flow rates (I.e.,< 0.5 Umln). Clearly, 
pumping rates that cause minimal to no drawdown In one well 
could easily cause significant drawdown In another well 
finished In a less transmissive formation. In this sense, the 
pump should not cause undue pressure or temperature 
changes or physical disturbance on the water sample over a 
reasonable sampling range. Consistency In operation Is 
critical to meet accuracy and precision goals. 

2) Advantages and Disadvantages of Sampling Devices 

A variety of sampling devices are available for low· 
flow (minimal drawdown) purging and sampling and include 
peristaltic pumps. bladder pumps, electrical submersible 
pumps. and gas·driven pumps. Devices which lend them· 
selves to both dedication and consistent operation at defin· 
able low·flow rates are preferred. It is desirable that the pump 
be easily adjustable and operate reliably at these lower flow 
rates. The peristaltic pump is limited to shallow applications 
and can cause degassing resulting in alteration of pH, 
alkalinity, and some volatiles loss. Gas-driven pumps should 
be of a type that does not allow the gas to be in direct contact 
with the sampled fluid . 

Clearly, bailers and other grab type samplers are ill· 
suited for fow·flow sampling since they will cause repeated 
disturbance and mixing of stagnant water in the casing and 
the dynamic water in the screened interval. Similarly, the use 
of inertial lift foot·valve type samplers may cause too much 
disturbance at the point of sampling. Use of these devices 
also tends to introduce uncontrolled and unacceptable 
operator variability. 

Summaries of advantages and disadvantages of 
various sampling devices are listed in Herzog eta!. (1991), 
U.S. EPA (1992), Parker (1994) and Thurnbtad (1994). 

E. Pump Installation 

Dedicated sampling devices (left in the well) capable 
of pumping and sampling are preferred over ~other type of 
device. Any portable sampling device should be slowly and 
carefully lowered to the middle of the screened Interval or 
slightly above the middle (e.g., 1·1.5 m below the top of a 3m 
screen). This is to minimize excessive mixing of the stagnant 

· water In the casing above the screen with the screened 
Interval zone water, and to minimize resuspenalon of IOIIds 
which will have collected at the bottom of the well. These two 
disturbance effects have been shown to clrectly affect the 
time required for purging. There also appears to be a dlract 
correlation between size of portable sampling deviceS relative 
to the well bore and resulting purge volumes and times. The 
key Is to minimize disturbance of water and solids In the well 
casing. 
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F. Filtration 

Decisions to filter samples should be dictated by 
sampling objectives rather than as a fix for poor aampUng 
practices, and field-filtering of certain constituents should not 
be the default Consideration should be given as to what the 
application of field-filtration Is trying to accomplish. For 
assessment of truly dissolved (as opposed to operationally 
d'ISSolved p.e., samples filtered with 0.45 Jim filters» concen· 
trations of major Ions and trace metals, 0.1 pm filters are 
recommended although 0.45 ~Jm filters are normally used for 
most regulatory programs. Alkalinity samples must also be 
filtered if significant particulate calcium carbonate Is sus· 
pected, since this material is likely to Impact alkalinity titration 
results (although filtration itsell may alter the C02 composition 
of the sample and, therefore, affect the results). 

Although filtration may be appropriate, filtration of a 
sample may cause a number of unintended changes to occur 
(e.g. oxidation, aeration} possibly leading to filtration-Induced 
artifacts during sample analysis and uncertainty In the results. 
Some of these unintended changes may be unavoidable but 
the factors leading to them must be recognized. ·Deleterious 
effects can be minimized by consistent application of certain 
filtration guidelines. Guidelines should address selection of 
filter type. media, pore size, etc. in order to identify and 
minimize potential sources of uncertainty when filtering 
samples. 

ln·line filtration is recommended because it provides 
better consistency through less sample handling, and 
minimizes sample exposure to the atmosphere. In-line filters 
are available in both disposable (barrel filters) and non· 
disposable (in-line filter holder. flat membrane filters} formats 
and various filter pore sizes (0.1·5.0 JJm). Disposable filter 
cartridges have the advantage of greater sediment handling 
capacity when compared to traditional membrane filters. 
Filters must be pre-rinsed following manufacturer's recom· 
mendations. If there are no recommendations for rinsing, 
pass through a minimum of 1 L of ground water following 
purging and prior to sampling. Once filtration has begun, a 
filter cake may develop as particles larger than the pore size 
accumulate on the filter membrane. The result is that the · 
effective pore diameter of the membrane is reduced and 
particles smaller than the stated pore size are excluded from 
the filtrate. Possible corrective measures include prefilterlng 
(with larger pore size filters}, minimizing particle loads to 
begin with, and reducing sample volume. 

G. Monitoring of Water Level and Water Quality 
lndlcatorl'ansr,neter.s 

Check water level periodically to monitor drawdown 
In the well as a guide to flow rate adjustment. The goal is 
minimal drawdown (<0.1 m) during purging. This goal may be 
difficult to achieve under some circumstances due to geologic 
heterogeneities within the screened interval, and may require 
adjustment based on site-specific conditions and personal 
experience. ln·llne water quality Indicator parameters should 
be continuously monitored during purging. The water quality 



indicator parameters monitored can include pH, redox 
potential, conductivity, dissolved oxygen (DO) and turbidity. 
The last three parameters are often most sensitive. Pumping 
rate, drawdown, and the time or volume required to obtain 
stabilization of parameter readings can be used as a future 
guide to purge the well. Measurements should be taken 
every three to five minutes If the above suggested rates are 
used. Stabilization Is achieved after an parameters have 
stabilized for three successive readings. In lieu of measuring 
all five parameters, a minimum subset would Include pH, 
conductivity, and turbidity or DO. Three successive readings 
should be within :!: 0.1 for pH, :!: 3% for conductivity, :!: 10 mv 
for redox potential, and :!: 1 0% for turbidity and DO. Stabilized 
purge Indicator parameter trends are generally obvious and 
follow either an exponential or asymptotic change to stable 
values during purging. Dissolved oxygen and turbidity usually 
require the longest time for stabilization. The above stabffiza. 
tlon guidelines are provided for rough estimates based on 
experience. · 

H. Sampling, Sample Containers, Preservation and 
Decontamination 

Upon parameter stabilization, sampfing can be 
initiated. tr an in-line device is used to monitor water quality 
parameters, it should be disconnected or bypassed during 
sample collection. Sampling now rare may remain at estab
lished purge rate or may be adjusted slightly to minimize 
aeration, bubble formation, turbulent filling of sample bottles, 
or loss of volatiles due to extended residence time in tubing. 
Typically, flow rates less than 0.5 Umin are appropriate. The · 
same device should be used for sampling as was used for 
purging. Sampling should occur In a progression from least to 
most contaminated well, if this is known. Generally, volatile 
(e.g., solvents and fuel constituents) and gas sensitive (e.g., 
Fe2", CH •• H2SIHS·, alkalinity) parameters should be sampled 
first The sequence in which samples for most inorganic 
parameters are collected is immaterial unless filtered (dis· 
solved) samples are desired. Filtering should be done last 
and in-line filters should be used as discussed above. During 
both well purging and sampling, proper protective clothing 
and equipment must be used based upon the type and level 
of contaminants present 

The appropriate sample container will be prepared in 
advance of actual sample collection for the analytes of 
interest and include sample preservative where necessary. 
Water samples should be collected directly Into this container 
from the pump tubing. 

Immediately after a sample bottle has been filled, It 
must be preserved as specified In the site {QAPP). Sample 
preservation requirements are based on the analyses being 
performed {use site QAPP, FSP, RCRA guidance document 
[U~ ~- EPA, 1992) or EPA SW-848 [U.S. EPA, 1982} ). ft 
may be advisable to add preservatives to sample bottlel In a 
controlled setting prior to entering the field In order to racb:e 
the chances of improperly preserving sample bottles or 
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introducing field contaminants into a sample bottle while • 
adding the preservatives. 

The preservatives should be transferred from the 
chemical bottle to the sample container using a disposable 
polyethylene pipet and the disposable pipet should be used 
only once and then discarded. 

After a sample container has been filled with ground 
water, a TeflonTU {or tln)·lined cap is screwed on tightly to 
prevent the container from leaking. A sample label Is filled 
out as specified in the FSP. The samples should be stored 
Inverted at 40C. 

SpecifiC decontamination protocols for sampling 
devices are dependent to some extent on the type of device 
used and the type of contaminants encountered. Refer to the 
site QAPP and FSP for specific requirements. 

I. Blanks 

The following blanks should be collected: 

(1) field blank: one field blank should be collected from 
each source water (distilled/deionized water) used for 
sampling equipment decontamination or for assisting 
well development procedures. 

(2) equipment blank: one equipment blank should be 
taken prior to the commencement of field work, from 
each set of sampling equipment to be used for that 
day. Refer to site OAPP or FSP for specific require· . 
ments. 

(3) trip blank: a trip blank is required to accompany each 
volatile sample shipment. These blanks are prepared 
in the laboratory by filling a 40-ml volatile organic 
analysis (VOA) bottle with distilled/deionized water. 

V. Low-Permeability Formations and Fractured 
Rock 

The overall sampling program goals or sampling 
objectives will drive how the sampling points are located, 
installed, and choice of sampling device. Likewise, site
specific hydrogeologic factors will affect these decisions. 
Sites with very low permeability formations or fractures 
causing discrete flow channels may require a unique monitor· 
lng approach. Unlike water supply wells, wells Installed for 
ground-water quality assessment and restoration programs 
ant often lnataned In low water-yielding settings {e.g., clays. 
dta). Alternative types of sampling points and ampflng · 
methods are often needed in these types of envfronmenta, 
because low-permeability settings may require extremely low
flow purging {<0.1 Umln) and may be technology-lmlted. 
Where devfces ant not readily available to pump at such low 
now rates, the primary consideration Ia to avoid dewat8rlng of 

• 

• 
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tht wen screen. This may require repeated recovery of the 
water during purging whDe leaving the pump In pface wfthln 
the well screen. 

Use of low-flow techniques may be Impractical In 
theSe settings, depending upon the water recharge rates. 
The sampler and the end-user of data collected from such 
wens need to understand the limitations of the data collected; 
I.e., a strong potential for underestimation of actual contami
nant concentrations for volatile organics, potential false 
negatives for filtered metals and potential false positives for 
unfiltered metals. It Is suggested that comparisons be made 
between samples recovered using low-flow purging tech· 
niques and samples recovered using passive sampling 
techniques (i.e., two sets of samples). Passive sample 
collection would essentially entail acquisition of the sample 
with no or very little purging using a dedicated sampling 
system Installed within the screened interval or a passive 

· sample collection device. 

A. Low-Permeability Formations (<0.1 Umin 
recharge} 

1. Low-Flow Purging and Sampling with Pumps 

a. •portable or non-dedicated mode· • Lower the pump 
(one capable of pumping at <0.1 Umin) to mid-screen 
or slightly above and set in place for minimum of 48 
hours (to lessen purge volume requirements). After 48 
hours, use procedures listed in Part IV above regard· 
ing monitoring water quality parameters for stabiliza· 
tion, etc., but do not dewater the screen. If excessive 
drawdown and slow recovery is a problem, then 
alternate approaches such as those listed below may 
be better. 

b. •dedicated mode· • Set the pump as above at least a 
week prior to sampling: that is, operate in a dedicated 
pump mode. With this approach significant reductions 
in purge volume should be realized. Water quality 
parameters should stabilize quite rapidly due to less 
disturbance of the sampling zone. 

2. Passive Sample Collection 

Passive sampling collection requires insertion of the 
device into the screened Interval for a sufficient time period to 
allow flow and sample equilibration before extraction for 
analysis. Conceptually, the extraction of water from tow 
yielding formations seems more akin to the collection of water 
from the unsaturated zone and passive sampling techniques 
may be more appropriate In terms of obtaining -representa
tive• samples. Satisfying usual sample volume requirements 
Is typically a problem with this approach and some latitude wm 
be needed on the part of regulatory entities to achieve 
sampling objectives • 
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B. Fractured Rock 

In fractured rock formationS, a low-flow to zero 
purging approach using pumps In conjunction wfth packers to 
Isolate the sampling zone In the borehole Is suggested. 
Passive multi-layer sampling devices may also provide the 
most "representative• samples. It Is Imperative In these 
settings to Identify flow paths or water-producing fractUres 
prior to sampUng using tools such as borehole flowmeters 
and/or other geophysical tools. 

After Identification of water-bearing fractures, Install 
packer(s) and pump assembly for sample collection using 
low-flow sampling In ·dedicated mode· or use a passive 
sampling device which can Isolate the Identified water-bearing 
fractures. 

VI. Documentation 

The usual practices for documenting the sampling 
event should be used for low·flow purging and sampling 
techniques. This should include, at a minimum: Information 
on the condud of purging· operation$ (flow-rate, dtawdown, 
water-quality parameter values, volumes extracted and times 
for measurements), field Instrument calibration data, water 
sampling forms and chain of custody forms. See F'~gures 2 
and 3 and "Ground Water Sampling Workshop - A Workshop 
Summary· (U.S. EPA, 1995) for example ro·rms and other 
documentation suggestions and jnformation. This Information 
coupled with laboratory analytical data and validation data are 
needed to judge the ·useability• of the sampling data. 

VII. Notice 

The U.S. Environmental Protection Agency through Its Office 
of Research and Development funded and managed the 
research described herein as part of its in-house research 
program and under Contract No. 68·C4·0031 to Oynamac 
Corporation. It has been subjected to the Agency's peer and 
administrative review and has been approved for publication 
as an EPA documenL Mention of trade names or commercial 
products does not constitute endorsement or recommenda
tion for use. 
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• F~gure 2. Ground Water Sampling Log 
Project Site Well No. _____ Date ________ _ 

Well Depth Screen Length Well Dlarneter ___ caalng ~ -,_;,~--
·. Sampling Device Tubing type Water Level -------

Measuring Point Otherlnfor __________________ _ 

Sampling Personnel __________________________ _ 

. Time pH Temp Cond. Dls.02 Turb. []Cone Notes 

. 

• . 

Type of Samples Collected 

• Information: 21n • 117 mllft. 41n • 2470 mllft: Vol111 • nr'h. Vol....,. • 4l3n r' 
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Figure 3. Ground Water Slmpllng Loa (wfth automatic data logging for most water quality 
parameters) 

Project ______ Site _ __.;. ____ Well No._· ____ Date ________ _ 

Well Depth Screen Length Well Dfameter ___ caalng Type ----
Sampling bevrce Tubing type water Level __ . -----
Measuring Point Otherlnfor ________________ _ 

Sampling Personnel __________________________ _ 

nme Pump Rate Turbidity Alkalinity [ )Cone Notes 

. 

. 

Type of Samples Collec:tecl 

lnfamlellon: 2 In •117 mllft, 4 In • 247'0 mllll: Vol• • mill. Vol-- • 4l3n r' 
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PERFORMANCE OBJECTIVES: 

SEcriONll 
son. SAMPLING 

To collect a soil sample that is representative of conditions as they exist at the site 

• By selecting the appropriate sampling device(s). 

• By taking measures to avoid introducing contamination as a result of poor sampling and/or 
handling technique. 

• By reducing the potential of cross contamination between samples. 

12.1 Introduction 

Prior to conducting a soil sampling investigation, a sampling strategy should be developed based on 
the objectives ofthe investigation (Section 5.5 of this SOP contains a discussion of soil sampling strategies). 
After designing a soil sampling strategy, the appropriate equipment and techniques must be used to conduct 
the investigation. This section discusses the sampling equipment available and collection methods which have 
been shown to be technically appropriate. 

Manual techniques and equipment, such as hand augers, are usually used for surface or shallow, 
subsurface soil sampling. Power operated equipment is usually associated with collecting deep samples, but 
this equipment can also be used for collecting shallow samples when the auger hole begins to collapse, or when 
the soil is so tight that manual auguring is not practical. This section discusses the various sample collection 
methods employed by field investigators. 

12~2 Equipment 

Soil sampling equipment used for sampling trace contaminants should be constructed of inert materials 
such as stainless steel. Ancillary equipment such as auger flights, post hole diggers, etc. may be constructed 
of other materials since this equipment does not come in contact with the samples. However, plastic, 
chromium, and galvanized equipment should not be used routinely in soil sampling operations. Painted or 
rusted equipment must be sandblasted before use. 

Selection of equipment is usually based on the depth of the samples to be collected, but it is also 
controlled to a certain extent by the characteristics of the material. Manual techniques and equipment such as 
band augers, are usually used for collecting surface or shallow, subsurface soil samples. Power operated 
equipment is usually associated with deep sampling but can also be used for shallow sampling when the auger 
hole begins to collapse or when the soil is so tight that manual augering is not practical . 
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• 12.3 Sampling Methodology 

• 

• 

This discussion of soil sampling methodology reflects both the equipment used (required/needed) to 
collect the sample, as well as how the sample is handled and processed after retrieval. Selection of equipment 
is USually based on the depth of sampling, but it is also controlled, to a certain extent, by the characteristics 
of the material. Simple, manual techniques and equipment, 5uch as hand augers, are usually selected for 
surface or shallow, subsurface soil sampling. As the depth of the sampling interval increases, some type of 
powered sampling equipment is usually needed to overcome torque induced by soil resistance and depth. The 
following is an overview of the various sample collection methods employed over three general depth classi
fications: surface, shallow subsurface, and deep subsurface. Any of the deep collection methods described 
may be used to collect samples from the shallower intervals. 

12.3.1 Manual (Hand Operated) Collection Techniques and Equipment 

These methods are used primarily to collect surface and shallow subsurface soil samples. Surface soils. 
are generally classified as soils between the ground surface and 6 to 12 inches below ground surface. The 
shallow subsurface interval may be considered to extend from approximately 12 inches below ground surface 

. to a site-specific depth at which sample collection using manual methods becomes impractical. 
Surface Soils 

Surface soils may be collected with a wide variety of equipment. Spoons, shovels, hand-augers, push 
tubes, and post-hole diggers, made of the appropriate material, may be used to collect surface soil samples. 
As discussed in the section on powered equipment, surface soil samples may also be collected in conjunction 
with the use of heavy equipment. 

Surface samples are removed from the ground and placed in pans, where mixing, as appropriate 
{Section 5.13.8), occurs prior to filling of sample containers. Section 12.4.1 contains specific procedures for 
handling samples for volatile organic compounds analysis. If a thick, matted root zone is encountered at or 
near the surface, it should be removed before the sample is collected. 

Subsurface Soils 

Hand-augering is the most common manual method used to collect subsurface samples. Typically, 
4-inch auger-buckets with cutting heads are pushed and twisted into the ground and removed as the buckets 
are filled. The auger holes are advanced one bucket at a time. The practical depth of investigation using a 
hand-auger is related to the material being sampled. In sands, augering is usually easily accomplished, but the 
depth of investigation is controlled by the depth at which sands begin to cave. At this point, auger holes usually 
begin to collapse and cannot practically be advanced to lower depths, and further samples, if required, must 
be collected using some type of pushed or driven device. Hand-augering may also become difficult in tight 
clays or cemented sands. At depths approaching 20 feet, torquing ofhand-auger extensions becomes so severe 
that in resistant materials, powered methods must be used if deeper samples are required. Some powered 
methods, discussed later, are not acceptable for actual sample collection, but are used solely to gain easier 
access to the required sample depth, where hand-augers or push tubes are generally used to collect the sample . 
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When a vertical sampling interval bas been established, one auger-bucket is used to advance the auger • 
hole to the fll'St desired sampling depth. If the sample at this location is to be a vertical composite of all 
intervals, the same bucket may be used to advance the hole, as well as to collect subsequent samples in the 
same hole. However, if discrete grab samples are to be collected to characterize each depth, a new bucket must 
be placCd on the end of the auger extension immediately prior to collecting the next sample. The top several 
inches of soil should be removed fiom the bucket to minimize the chances of cross-contamination of the sample 
from fall-in of material from the upper portions of the hole. 

Another hand-operated piece of soil sampling equipment commonly used to collect shallow subsurface 
soil samples is the Shelby® or "push tube". This is a thin-walled tube, generally of stainless steel construction 
and having a beveled leading edge, which is twisted and pushed directly into the soil. This type of sampling 
device is particularly useful if an undisturbed sample is required ·The sampling device is removed from the 
push-head, then the sample is extruded from the tube into the pan with a spoon or special extruder. Even 
though the push-head is equipped with a check valve to help retain samples, the Shelby tube will generally not 
retain loose and watery soils, particularly if collected at lower depths. 

12.3.2 Powered Sampling Devices 

Powered sampling devices and sampling aids may be used to acquire samples from any depth but are 
generally limited to depths of20 feet or less. Among the common types of powered equipment used to coJJect 
or aid in the collection of subsurface soil samples are Little Beaver® type power augers; split-spoon samplers 
driven with a drill rig drive-weight assembly or hydraulically pushed using drill rig hydraulics; continuous split
spoon samplers; specialized hydraulic cone penetrometer rigs; and back-hoes. The use of each of these is · 
described below. 

Power Augers 

Power augers are commonly used to aid in the collection of subsurface soil samples at depths where 
hand augering is impractical. This equipment is a sampling aid and not a sampling device, and 20 to 25 feet 
is the typical lower depth range. It is used to advance a hole to the required sampling depth, at which point a 
hand auger is usually used to collect the sample. 

Drill Rigs 

Drill rigs offer the capability of collecting soil samples from greater depths. For all practical purposes, 
the depth of investigation achievable by this method is controlled only by the depth of soil overlying bedrock, 
which may be in excess of I 00 feel 

When used in conjunction with drilling, split-spoon samplers are usually driven either inside a hollow
stem auger or inside an open borehole after rotary drilling equipment bas been temporarily removed The spoon 
is driven with a 140-pound hammer through a distance of up to 24 inches and removed. If geotechnical data 
are also required, the number of blows with the hammer for each six-inch interval should be recorded. 

Continuous split-spoon samplers may be used to obtain five-foot long, continuous samples 
approximately 3 to 5 inches in diameter. These devices are located inside a five-foot section of hollow-stem 
auger and advanced with the auger during drilling. As the auger advances, the central core of soil moves into 
the sampler and is retained until retrieval. 
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• Cone Penetrometer Rigs 

This method uses a standard split-spoon bas been modified with a releasable tip which keeps the spoon 
closed during the sampling push. Upon arrival at the desired depth, the tip can be remotely released and the 
push continued. During the subsequent push, the released tip floats freely up the inside of the spoon as the soil 
core displaces it Split-spoon soU samples, therefore, can be collected without drilling, as bas historiCally been 
required, by simply pushing the device to the desired depth. This technique is particulariy beneficial at highly 
contaminated sites, because cuttings are not produced as with drill rigs. The push rods are generally retrieved 
with very little residue. This results in minimal exposure to sampling personnel and very little contaminated 
residue is produced as a result of equipment cleaning. 

Back-Hoes 

Back-hoes are often utilized in shallow subsurface soil sampling programs. Samples may either be 
collected directly from the back-hoe bucket or they may be collected from the trench wall if proper safety 
protocols are followed. Trenches offer the ability to collect samples from very specific intervals and allow 
visual correlation with vertically and horizontally adjacent material. Prior to collecting samples from trench 
walls, the wall surface must be dressed with a stainless steel shovel, spatula, knife, or spoon to remove the 
surface layer of soil which was smeared across the trench wall as the bucket passed.· If back-hoe buckets are 
not cleaned according to the procedures described in Appendix B of this SOP, samples should be collected from 
material which has not been in contact with the bucket surface. 

• 12.4 Special Techniques and Considerations 

• 

12.4.1 Collection of Soil Samples for Volatile Organic Compounds (VOC) Analysis 

These samples should be collected in a manner that minimizes disturbance of the sample. For example, 
when sampling with a hand auger, the sample for VOC analysis may be collected directly from the auger 
bucket or immediately after an auger bucket is emptied into the pan. The sample should be placed in the appro
priate container with no head-space, if possible, as is the practice with water samples. Samples for VOC 
analysis are not mixed. 

12.4.2 Dressing Soil Surfaces 

Any time a vertical or near vertical surface, such as is achieved when shovels or back-hoes are used 
for subsurface sampling, is sampled, the surface should be dressed to remove smeared soil.· This is necessary 
to minimize the effects of cross-contamination due to smearing of material from other levels. 

12.4.3 Sample Mixing 

It is extremely important that soU samples be mixed as thoroughly as possible to ensure that the sample 
is representative of the interval sampled. SoU samples should be mixed as specified in Section 5.13.8 . 
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12.4.4 Special Precautions for Trace Contaminant Son Sampling 

Th~ procedures outlined in Section 5.13.7 should be followed. All son sampling equipment used for 
sampling for~ contaminants should be constructed of stainless steel where possible~ Pans used for mixing 

··should be made of Pyrex® (or equivalent) or glass. In no case will chromium, cadmium, or galvanized plated 
or eoaied equipment be used for son sampling operations when inorganic ~n~ination is of concern. 
SiMilarly, no painted or plastic equipment should be used when organic contaminantS are of concern. All paint 
and primer must bC removed from son sampling equipment by sandblasting or other me;ans before such 
equipment can be used for collecting soil samples. 

12.4.5 Specific Sampling Equipment Quality Assurance Techniques 

Drilling rigs and other major equipment used to collect soil samples should be identified so that this 
equipment can be traced through field records. A log book should be established for this equipment so that all 
cleaning, maintenance, and repair procedures can be traced to the person perfonning these procedures and to 
the specific repairs made. Sampling spoons, hand augers, Shelby tubes, and other minor disposable type 
equipment are exempted from this equipment identification requirement All equipment used to collect soil 
samples should be cleaned as outlined in Appendix Band repaired, if necessary, before being stored at the 
conclusion of field studies. Equipment cleaning conducted in the field {Appendix B) or field repairs should be 
thoroughly documented in field records. 
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The Ogden Bioassay Laboratory Group maintains two facilities for conducting marine 
and freshwater bioassays on samples of all matrices including effluents, cooling waters, 
receiving waters, sediments, and liquid and solid samples for hazardous waste 
characterization. · · 

This manual describes the quality assurance procedures implemented in the Bioassay 
Laboratory with application to all aspects of testing from source, handling, condition, 
receipt, and storage of samples and test organisms as well as calibration and maintenance 
of instruments and equipment used during testing. All data generated by the laboratory is 
monitored for completeness and accuracy at the end of each day and at the end of each 
individual test period. Laboratory negative control and reference (i.e., positive) toxicant 
testing are conducted concurrent to every sample assay or batch of organisms, as 
appropriate, and act to confirm test organism quality, sound laboratory conditions, and 
appropriateness of procedures. Control charts are generated for each test species and 
reference toxicant combination. The detail of record keeping, and the general and 
statistical evaluation of test data are closely monitored to ensure generation of the highest 
quality data. 

Quality control problems leading to poor condition of test animals or inadequate test 
procedures may necessitate repeating tests, incorrectly overestimated toxicity, or 
improperly identified causative toxicants. Our quality assurance (QA) program is 
designed to ensure that all tests are performed in accordance with applicable guidelines 
and regulations and that all procedures are designed to increase test performance and 
precision. Quality control practices address all activities that affect the final quality of the 
toxicity tests including: sample/material handling, source anci condition oftest organisms, 
condition of equipment, test conditions, instrument calibration and maintenance, 
measurement of test precision, record keeping, data evaluation and personnel training. 
Some of the essential featUres of our QA program, which are described in detail in our 
Quality Assurance Manual, are: 

A QA Officer is responsible for oversight of the QA program, updating the Quality 
Assurance manual, insuring tests are conducted in strict compliance with applicable 
protocols, reviewing data and final reports for accuracy and acceptability, maintaining 
reference toxicant control charts and maintaining data archives. 

Water quality, ofboth fresh and saline dilution and culture waters, is ensured by several 
means. Standard reconstituted dilution/culture water is made using ASTM Type 1 
deionized water as the base water. Natural seawater is an additional source of saline 
water used in the laboratories. The quality of each lot of reagent grade chemicals or 
commercial salts used to prepare synthetic fresh or saltwater, respectively, is evaluated 
using a chronic reference toxicant test with a sensitive species (Ceriodaphnia dubia, 
Mysidopsis bahia). In addition, waters, both base freshwater and natural seawater, are 
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• analyzed annually for organic priority pollutants and metals. 

• 

• 

Test organisms are only used if they appear healthy, are actively feeding, are of the 
correct species and life stage, and exhibit low mortality during culture and acclimation. 
The quality of all foods are evaluated before use. Culture water quality, animal source, 
incubation and hatch dates, acclimation conditions and all other relevant information are 
documented for all test organisms cultured in the laboratory. The health oftest organisms 
is routinely evaluated using reference toxicants, the results of which are graphed on 
laboratory control charts. 

Facilities, equipment, and test chambers are designed around test requirements. 
Separate heating and cooling systems maintain testing chambers and culture rooms at the 
desired temperature (±1 °C) which is monitored continuously in at least two locations per 
environmental chamber. An alarm system alerts personnel after hours of any 
unacceptable temperature excursions, fire, or power loss. Quarterly scheduled 
maintenance is performed on all equipment to ensure good working order. All test 
chambers and other materials contacting samples are constructed of polypropylene, 
borosilicate glass, Teflon or grade 316 stainless steel and are subjected to rigorous· 
cleaning with detergent, acid (ACS grade), acetone (ACS grade) and deionized water 
before use. 

Calibration of all instruments is performed routinely using NIST -traceable standards as 
applicable. All critical instrumentation is duplicated to prevent problems associated with 
instrument failure. 

Documentation of all calibrations, instrument adjustments or repairs, water quality 
measurements, culture information, toxicity test results, sample or test material source, 
characterization, receipt, use and disposal, chemical reagent purity, receipt and disposal, 
etc. are made on a real-time basis. These records are retained as raw data in a designated 
data storage area. 

Reference toxicants are used to evaluate the overall health and sensitivity of the test 
organisms and to demonstrate the continuing ability of the laboratory to successfully 
perform the tests. Tests are conducted, at minimum, monthly on animals cultured in
house. For animals purchased from an outside source, an appropriate reference test (e.g., 
chronic reference test for a chronic effluent test) is conducted with each batch of test 
organisms. We have also successfully participated in all DMR/QA studies conducted by 
EPA to date. The San Diego laboratory holds additional accreditation to conduct 
hazardous material characterization testing under State of California Title 22, blind 
samples for this certification are administered by California Department of Health 
Services. 

The two facilities maintained by the Bioassay Laboratory are in San Diego, California 
and Fife, Washington. All aspects of the manual apply to both facilities except where 
noted. 
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I. LABORATORY ORGANIZATION 

LIST SPECIFIC NAMES OF INDIVIDUALS , EXPERIENCE LEVEL, ACADEMIC 
DEGREE, TRAINING PROGRAMS, TRAINING RECORDS. 

Individual/Title 

Marilyn Schwartz 
Branch Manager 
B.A. Ecology/Behavior 
Direct experience: 10 yrs 

Chris Stransky 
Technical Lab Supervisor 
Direct experience: 8 yrs 

Steve Carlson 
Lab Supervisor 
QAIQC Officer 
Direct experience: 7 yrs 

Karen Bergmann 
Technical Supervisor 
Washington Lab 
Direct experience: 3 yrs 

Laboratory Technicians 
Amy Bergen (on-call) 
Geoff Daly 
David Gillespie 
John Gonzales 
Matt Liebl 
Tera Mathias 

Responsibilities 

Fiscal responsibility; 
Marketing and management. 
of overall operation. 
Reports directly to Office 
Manager 

. Supervises day-to-day technical 
operation of the San Diego 
Lab; Supervises special 
studies and sediment programs 
in both facilities. Reports 
directly to the Branch Manager. 

Prof. Training/Affiliations 

National SETAC Member; 
President, SoCal SETAC Chapter; 
SCTAG, Steering Committee; 
EPA WET Workshop, 
Presenter and Co-organizer; 
American Red Cross CPR and 
First Aid Certification; 
40-Hour OSHA Safety Training 

National SETAC Member; 
Secretary, SoCal SETAC 
Chapter; SCTAG, Member; 
EPA WET Workshop, 
participant; Dive Certified; 
American Red Cross CPR and 
First Aid Certification; 
40-Hour OSHA Safety Training 

Monitor laboratory performance SoCal SETAC Chapter member; 
and set staff and test schedule;. EPA WET Workshop, 
ensure adherence to QA Participant; American Red Cross 
standards. Reports to Branch CPR and First Aid Certified; 
Manager, but is an independent 40-Hour OSHA Safety Training 
position with direct access to 
Office Manager. 

Supervises day-to-day technical 
operation of the Washington 
Lab; Reports directly to the 
Branch Manager. 

Conduct bioassay testing; 
monitor and record data; 
culturing; perform routine lab 
maintenance. Report to Lab 
Supervisors on day-to-day 
schedule and technical 
issues and Branch Manager 
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Pacific Northwest SETAC 
Chapter member; NWTAG 
Member; American Red Cross 
CPR and First Aid Certification; 

SoCal SETAC Chapter 
members; SCTAG Members 
American Red Cross CPR and 
First Aid Certification; 40-Hour 
OSHA training; EPA WET 
Workshop participants. 
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Anthony Raguine 
John Rudolph 
Bill Sharer 

on professional development and 
personnel matters. 

Direct experience: 1-6 years 

Field Technicians 
Tony Adkins 
NickBuhbe 
David Gillespie 
Chris Stransky 
John Rudolph 
Direct experience: 1-7 yrs 

Arsenia Soriano 
Laboratory Aide 
San Diego Lab 
Direct experience: 3 yrs 

Collection, preservation, and 
delivery of samples in 
accordance with proper 
collection techniques and 
chain-of-custody procedures. 
Reports to Branch Manager or 
Project Manager as project 
dictates. 

Prepare glassware for use in 
testing under EPA guidelines. 
Assist with general lab maint
enance and cleaning. Reports 
to Lab Supervisor . 
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American Red Cross CPR and 
First Aid Certification; 40-Hour 
OSHA training; Internal and 
external dive certification. 

American Red Cross CPR and 
First Aid Certification; 



IT. FACILITIES AND EQillPMENT 

San Diego Laboratory 

QA Plan, Sixth Revision 
Draft: April, 2000 

The Ogden Bioassay Laboratory is located at 5550 Morehouse Dr., Suite B, San Diego 
CA. 92121. 

Washington Laboratory 

Ogden Bioassay Northwest Laboratory is located at 5009 Pacific Hwy. E., Suite 2-0, Fife 
WA.98424. . 

1. TEMPERATURE CONTROLLED ENVIRONMENTAL CHAMBERS 

• 

Samples are stored in a coldroom in San Diego and a refrigerator in Washington, both 
maintained at 4°C, until needed for testing. Testing is conducted in temperature and 
light-controlled environmental chambers. Modifiable environmental chambers are set at 
15, 20, and 25°C and maintained within± 1 oc of the target temperature. The chamber 
temperatures are continuously monitored by a Supco CR-87 temperature recorder. The 
charts generated by each recorder are exchanged weekly and kept on file at the laboratory 
indefinitely. The temperature of each controlled chamber is measured and recorded daily • 
in a laboratory logbook. For testing requiring other temperatures, water baths equipped 
with both heaters and a chiller unit are maintained as an alternate temperature control 
system. Illumination in all testing areas is provided by fluorescent lighting. Specific 
wavelengths are used for individual tests as dictated by the protocol and laboratory SOP. 
Photoperiod is controlled with a timing device. All environmental chamber temperatures 
are verified annually using a'NIST certified thermometer. 2. WATER SYSTEMS 

San Diego Laboratory 

The laboratory's seawater system provides filtered, temperature-regulated seawater for 
testing and animal culture and holding. Natural seawater is collected from the Pacific 
Ocean and is high pressure sand filtered at the Scripps Institution of Oceanography in La 
Jolla, California before transport to the lab by truck. In the lab, seawater is stored in two 
2200-gallon storage tanks. The seawater is continuously pumped through an inline 
20-JI.m fiber filter system and a chiller unit prior to being delivered to sample preparation 
and testing areas. 

Seawater is piped throughout the lab via PVC supply lines at a rate of 10-20 gallons per 
minute, thus the majority of the water is recycled back into the storage tanks. The 
seawater system is a once-through system; all water released from the supply lines into 
test or culture tanks is discharged into the sewer system. The stored water is cycled 
through the filter and chiller system approximately 10-15 times per day. 
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Nanopure water is the bioassay laboratory's fresh water. It is used as the base for all 
freshwater dilution and culture waters, reagent preparations, and as a final rinse for all 
glassware. A high quality laboratory grade freshwater is obtained from a water treatment 
system employing a series of carbon filters and water softeners. This water is supplied by 
PVC pipe throughout the lab. 

Washington Laboratory 

The laboratory obtains natural seawater from the Point Defiance Zoo and Aquarium in 
Tacoma, Washington which collects and filters seawater from Puget Sound. 

Synthetic seawater is made using Marinemix or Forty Fathoms added to deionized water. 
Both natural and synthetic seawater is stored in 20-liter cubitainers. They are aerated and 
the salinity is checked daily. 

The laboratory obtains high-purity deionized water using a system set up and maintained 
by U.S Filter. Water is fed through a system consisting of a prefilter, an activated carbon 
tank, two mixed bed resin tanks and finally through a post filter. 

The laboratory obtains dechlorinated water using a system set up and maintained by U.S. 
Filter. Water is fed through a system consisting of a prefilter, two activated carbon tanks 
and a post filter. 

3. INSTRUMENTATION 

In house instrumentation is adequate to measure appropriate physical and chemical 
variables for both marine and freshwater bioassay tests. All calibration measurements are 
recorded in laboratory notebooks maintained for each meter or instrument. 

A. Salinity 

San Diego Laboratory 

Salinity measurements are taken with an Orion 135 hand held temperature compensated 
meter. The digital meter has an accuracy after adjustment (via cell constant) of± 0.1 to 
35 part per thousand {ppt) in the range 0.0 to 42.0 ppt at test sample temperatures soc to 
25°C. The instrument is calibrated with known standards prior to use. 

Washington Laboratory 

Salinity measurements are taken using a refractometer. The instrument is calibrated with 
deionized water and known standards prior to use. 
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Measurements of pH are taken using a Beckman meter with a temperature compensated 
electrode, which is calibrated using standard pH buffer solutions prior to use. A portable 
Orion meter is also used to measure pH. 

Washington Laboratory 

Measurements of pH are taken using a Cole-Parmer meter with a temperature 
compensated electrode, which is calibrated using standard pH buffer solutions prior to 
use. 

C. Dissolved Oxygen 

Dissolved oxygen measurements at both laboratories are made with a YSI 55 meter. The 
meter is calibrated against air saturated with deioruzed water daily. 

D. Conductivity 

San Diego Laboratory 

Conductivity is measured using an Orion 135 meter. The digital meter has an accuracy 
± 0.5 percent of measurement value ± 1 digit at operating temperature -1 0°C to +55°C. 
The in~trument is calibrated with known standards prior to use. · 

Washington Laboratory 

Conductivity is measured using an Omega CDH-7X meter. The instrument is calibrated 
with known standards prior to use. 
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E. Ammonia 

San Diego Laboratory 
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Ammonia levels in test containers are measured using a Hach DR2000 
spectrophotometer. The meter is calibrated to a known standard before each use as 
suggested by the manufacturer. 

Washington Laboratory 

Ammonia levels are measured using a Spectronic 20 spectrophotometer. The meter is 
calibrated to known standard before each use as suggested by the manufacturer. 

F. Weights and Volumes 

Materials used in reference toxicant testing are weighed to the nearest 0.01 mg using a 
Mettler AE 240 balance in both laboratories. The balance is calibrated daily and 
professionally serviced annually using weights traceable to NIST standards. Liquid 
measurements are made using borosilicate plastic or glass pipettes and graduated 
cylinders .. 

III. CULTURE AND HOLDING 

1. ANIMAL PROCUREMENT 

Test organisms used in bioassays are collected from sources known to be generally free 
of pollutants, purchased from reputable suppliers, or obtained from laboratory stocks. If 
organisms are purchased, the vendors are screened by reputation, depth of knowledge 
concerning the organism of choice, evidence of their QA program, and their ability to 
consistently deliver healthy test organisms. 

2. ANIMAL HEALTH AsSESSMENT 

Test organisms are evaluated on a performance basis for every test conducted in the 
laboratory. A test control and full reference toxicant test are run concurrent to each 
effluent test or batches of organisms, as appropriate to evaluate the health of the test 
organisms . 

3. DOCUMENTATION 
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Records of time and place of animal collection, feeding information, and data on water 
quality in the holding aquaria are kept in a logbook. The test organisms are appropriately 
acclimated to laboratory conditions and held at test temperature and salinity. Propagules 
(sperm, eggs, spores, or embryos) used in tests are obtained from several adults and 
mixed prior to testing. Specific procedures for each organism are listed in the Standard 
Operating Procedure for the individual assay. 

IV. SAMPLE COLLECTION 

Ogden works with all clients to facilitate sample collection, shipment, and handling. · 
Proper chain-of-custody procedures are followed at all times and all tests are initiated 
within the allowable holding time. 

1. EFFLUENT COLLECTION 

Sampling method may be dictated by NPDES permit language. Effluent collection may 
be performed by grab or composite sampler. Grab samples are good monitors of 
instantaneous toxicity and are used when trying to monitor effluent variation over a 
24-hour period. These samples are tested immediately, reducing the possibility of losing 
toxicity due to storage. Composite samples are preferred over grab samples because the 

• 

likelihood of obtaining a representative effluent sample is far greater when sampling over • 
time. Standard EPA procedure is to take composite samples over a 24-hour period with 
collections at 112-hour intervals (48 collections per day). For a 7-day chronic bioassay, at 
least three 24-hour composites are used for a single test. Effluents are tested as soon after 
collection as possible to reduce the loss of volatile toxic components. The maximum 
allowable holding time for virtually all samples is 36 hours. 

2. SEDIMENT COLLECTION 

Sediments. are collected, handled, and preserved according to the procedures in the 
Environmental Protection Agency/Corps of Engineers Implementation Manuall977, and 
site-specific recommendations made by the EPA, CorjJs of Engineers, or State Agencies 
for individual projects. Test material is usually collected with a vibracore. Cores are 
taken to project depth plus a two foot overdredge allowance or to the depth of refusal (the 
depth at which the vibracore can no longer proceed). Reference sediment is collected at 
an appropriate and pre-determined uncontaminated site that is selected based upon its 
similarity in grain size to the dredged material disposal site. Reference sediment is 
collected using a chain-rigged VanVeen grab or a stainless steel pipe dredge. Control 
material is collected at the site of test animal collection. Control testing is conducted to · 
determine the health of the test organisms and verify that holding and testing procedures 
do not affect test animal health. Prior to testing, test, reference, and control sediments are 
held in properly- labeled,· five-gallon buckets lined with a FDA approved clear plastic • 
food-grade bags, and maintained at 4°C until prepared for testing. Each sample is sieved 
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through a 0.5 or 1.0 mm mesh screen prior to testing to remove resident animals and 
debris. Testing is initiated within 14 days of sample collection unless otherwise noted. 

3. TITLE 22, WDOE 80-12- HAZARDOUS WASTE SAMPLE COLLECTION 

Samples for hazardous waste characterizations are collected in accordance with Title 22 
Regulations in California and the WDOE 80-12 regulations in Washington. Procedures 
vary according to the specific matrix, type of site monitored, and project-specific permit 
or order language. 

V. SAMPLE RECEIPT AND HANDLING 

1. CHAIN OF CUSTODY 

A. Field Procedures 

Proper chain-of-custody forms are maintained by lab personnel for all field-collected 
samples. Chain-of-custody forms include sample type, sampler's name, date of 
collection, location of the collection, quantity of material, type of collection container, 
date of delivery, and type oftest to be performed. Ifthe samples received are sampled by 
an Ogden field technician, that technician is responsible for completing the chain-of
custody forms. In most cases, sample containers are provided to clients who collect the 
sample according to our instructions and EPA procedures. In those cases, chain-of
custody forms accompany the sample containers and the client is responsible for 
completing the form which is counter-signed upon receipt at the laboratory. 

B. Laboratory Procedures 

Samples are received at the laboratory with a chain-of-custody . record of sample 
identification, collection date and time, sample type, number and type of containers, 
analysis required, the name of the project manager and collector, and the relinquishing 
signature. When transferring sample possession, the transferor and transferee sign, date, 
and record the time as well as any pertinent information about the sample (e.g., warm 
sample~ container leaking, unusual turn around time). The record allows for transfer of a 
group of samples at one time. Samples are handled by the minimum possible number of 
persons. Upon receipt, the sample is logged into a laboratory book and assigned a unique 
identification number. Physical and chemical parameters including alkalinity, hardness, 
free and total chlorine residuals, pH, dissolved oxygen, conductivity or salinity, and a 
notation of any required adjustments are recorded. The samples are stored in a coldroom 
at 4°C until used in testing, when they are adjusted to the appropriate test temperature. 
Samples are discarded only when testing is complete or the sample holding time has 
expired. All samples are disposed of in accordance with state, · federal, and local 
regulations. 
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C. Hazardous Waste CharaCterization Samples (California Title 22) 

All samples received for Title 22 Hazardous Waste Characterization are logged in a 
separate sample receipt notebook (as noted in section B above) and stored in a locked 
refrigerator at 4°C until the test is initiated. 

2. SAMPLE ADJUSTMENTS 

A. Salinity Adjustments 

In most cases marine tests are conducted between 32-36 ppt salinity. If the salinity of 
samples collected for marine testing is less than 30 ppt and the concentration series for 
testing includes treatments higher than 10 percent sample, the salinity is increased by 
adding hypersaline brine. Brine of salinity between 60 and 80 ppt is used in Ogden's lab; 
brine at salinity of 80 and above is discarded due to potential toxic effects. For site or 
situation specific testing requiring lower salinities, dilution water salinity may be lowered 
using deionized water. . Salinity manipulations are made within the bounds of test 
organism tolerance. · 

· B. Chlorine Adjustments 

If the free chlorine level in a sample is greater than 0.1 mg/L, sodium thiosulfate is added 
in 0.1 g increments until the free chlorine level is below 0.1 mg!L (laboratory detection). 
Internal testing of sodium thiosulfate to ensure no potential for deleterious effects has 
been conducted. 

C. pH Adjustments 

If the pH of a sample is greater than 9.0 or less than· 6.0, it must be adjusted for routine 
testing procedures. One molar HCl added in 11100 mL increments to samples above 9.0 
to bring them below 9.0. One molar NaOH is used in 1/100 mL increments for samples 
less than 6.0 to bring them above 6.0. 

3. SAMPLE DISPOSAL 

Most samples are discharged into the sewer system as permitted under the City of San 
Diego and City of Tacoma Water Utilities Department Industrial Waste Programs. 
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Under Title 22 and WDOE 80-12, if a sample is characterized as hazardous through 
testing, both the remaining samples and its associated dilution water are ·returned to the 
client for disposal or packaged for hazardous disposal with a qualified firm through our 
laboratory. If previous arrangements have been made for Ogden to dispose. of the 
material, the waste is disposed of in accordance with state, federal, and local regulations. 

VI. REFERENCE AND LABORATORY WATERS 

Water quality is evaluated on a performance basis for every test conducted in the 
laboratory. A control sample is run with each test conducted in the lab to ensure the 
quality of the water used for dilution. The decision to repeat a test is made on a case-by
case basis by the Lab Manager and includes consideration of control failure and reference 
toxicant performance as indicated by laboratory control charts. Annual chemical analyses 
are also performed on all lab waters to ensure good quality. 

San Diego Laboratory 

1. SEAWATER 

Water used for marine testing is collected from a source with a reliable history of_ good 
water quality. Ogden uses water collected from the Scripps Institution of Oceanography 
pier. Seawater is trucked to the bioassay laboratory and is continuously pumped through 

• an inline 20-J.lm fiber filter system and a chiller unit prior to being delivered to sample 
preparation and testing areas. The lab is capable of holding water for all reference 
toxicant testing as well as for those tests not using receiving water as dilution water. 

2. FRESHWATER 

Laboratory freshwater is charcoal-filtered Culligan water or 20 percent dilute mineral 
water (8:2) made to EPA specifications with Nanopure system water and Perrier 
(EP A/600/4-89/001 ) . 
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Water used for marine testing involving echinoderms and bivalves is collected from The 
Point Defiance Zoo and Aquarium in 20-liter carboys and stored in the laboratory at 12° 
C. All other marine tests used synthetic seawater made with deionized water and a high 
quality seasalt mixture such as Marine-Mix. Synthetic seawater is made at least 24-hours · 
prior to use and discarded if not used within 7 days. · 

2. FRESHWATER 

Moderately Hard Synthetic Water (MHSW) is made according to EPA specifications 
using high quality chemicals and deionized water (EPA/600/4-89/001). MHSW is 
aerated in carboys at room temperature. It is discarded if not used within 14 days. 

VII. REFERENCE TOXICANT TESTING 

Reference toxicant testing is conducted to evaluate the health of the organisms used in 
testing and to ensure that testing procedures do not cause adverse effects to the health of 
the organism. Ogden conducts a reference toxicant test concurrent to each set of client 
bioassays, and prepares control charts for each reference toxicant and organism 
combination using point estimate data. The control chart displays the mean and outer 
limits at± 2 standard deviations. Tests exceeding these warning levels are examined on a 
case-by-case basis. For tests with specific requirements, acceptance criterion and 
reference toxicant data will be used for test validation. Specific criteria for each test are 
expressed in the standard operation procedure for each test. 

In all reference toxicant testing, the laboratory water specified in section VI is used as the 
dilution water. Replicate number is indicated by each protocol. Dilution ranges for 
reference toxicant concentrations are based on written protocols, historical data, and are 
subject to change by the laboratory to better estimate effects when not protocol-specified. 

VIII. RECORD KEEPING 

All pertinent lab monitoring records are kept in notebooks and maintained on file for a 
minimum of five years. Records are kept on field collections, organism receipt, culture 
and holding, water quality, instrument calibration, oven and refrigerator temperatures, 
and environmental chamber temperatures. 
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Test data for each bioassay are recorded on data sheets designed specifically for 
individual test types. Data are entered into the software program ToxCalc and analyzed 
in accordance with procedures indicated in each test protocol. Following the entry of 
data into a computer file, the original data form is filed in the project file with the chain
of custody forms and a full narrative report. All information on raw data sheets is 
recorded in black ink. Errors are crossed through with a single line and initialed by the 
technician. Supplemental information is footnoted at the bottom of each page. Data 
sheets are checked for completeness at the end of each day by the QA/QC Supervisor or 
designate. All information is archived for a minimum of five years. 

2. DATAEVALUATION 

Requirements for test acceptability vary according to each specific protocol. Each set of 
test requirements are listed in the associated SOP. Tests are evaluated by the 
acceptability and statistical criteria associated with each specific protocol. Reference 
toxicant control charts are maintained for each test protocol and are used in the evaluation 
of water quality, animal health, and procedural implementation . 

3. TO X CALC SOFIW ARE 

The test results are analyzed using ToxCalc, a software program developed by Tidepool 
Scientific Software. ToxCalc is a comprehensive toxicity data analysis and database 
software package which is used for reporting toxicity test data as part of permit 
monitoring activities. ToxCalc performs all appropriate statistical analyses and records 
the results in a format approved by EPA Regions IX and X as well as the States of 
California and Washington. 

4. CORRECTIVE MEASURES 

A. Responsibilities for Initiating Corrective Action 

In the event of a problem with any laboratory procedure, it is the responsibility of the Lab 
Technicians to bring the problem to the attention of the QA/QC Supervisor and/or the 
Lab Manager. After . deliberation of the problem, and discussion of the potential 
alternatives, experiments will be conducted by the QA/QC Supervisor to ensure the 
feasibility of any new procedure. Upon development of an improved method that is in 
accordance with test protocol requirements, a procedural SOP will be written, reviewed, 
and implemented . 
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In the event there is a problem with test data (e.g., control failure, poor fertilization, etc.) 
it is the Lab Technicians responsibility to inform the QA/QC Supervisor and/or the Lab 
Manager immediately. 

B. Audits 

Ogden is certified by the States of California, Arizona, and Washington. Each state 
conducts routine audits of the laboratory facilities, procedures, and quality assurance 
methods and documentation. Documentation of certification status is maintained on file 
and is available to clients for review. 

Ogden uses these same criteria to conduct periodic, internal audits to ensure the 
production of accurate and precise data and to identify areas ofwealmess. 

It is the responsibility of the QA/QC Supervisor to gather information from the 
Laboratory Manager to review day-to-day variations in testing procedures. These 
variations include comparisons of results between projects, variability in batches of 
organisms from suppliers and between suppliers, variability in chemical/physical 
properties of holding and· acclimation and test water, and consistency of employee 
performance . 

5. PREVENTIVE MAINTENANCE AND SCHEDULES 

All equipment calibration, water analyses, organism maintenance, sample receipt, and 
temperature data are recorded in laboratory notebooks which are maintained at Ogden by 
the QA/QC Supervisor. Copies of all laboratory forms and reports are maintained on 
permanent file as hard copy, and electronically. All lab instruments and equipment are 
serviced annually at minimum. Laboratory grade waters, fresh waters, and seawater are 
analyzed anrtually for organochlorine and organophosphorus pesticides, metals, bacterial 
properties, ammonia, total organic carbon, chemical and biological oxygen demand 
tributyltin (seawater only) and total suspended solids. All determinations are performed 
using appropriate chemical techniques and are recorded in a laboratory notebook that is 
maintained on permanent file. Seawater is tested for potential toxicants of concern during 
a solid-phase bioassay investigation. Control performance is also used as an indicator of 
water quality for all water types. 

IX. HEALTH AND SAFETY 

In both field and laboratory operations, careful preparation, cleanliness, and orderly 
methodologies contribute to the reliability of the data and safety of the personnel. Most 
laboratory personnel maintain First Aid and CPR certifications as well as 40-hour OSHA 
training. The Laboratory Business Plan includes an Emergency Plan specific to the 
facility constructed with assistance fonn Ogden's Industrial Hygienist. 
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X. QUALITY ASSURANCE/QUALITY.CONTROL 

This Quality Assurance and Quality Control (QA/QC) Plan is an integrated component of 
the overall laboratory operation. The procedures stated herein are to be followed for all 
sampling and analyses conducted. 

The following sections address QA/QC activities associated with both field sampling and 
laboratory analyses for this program. Field QA/QC samples are collected and used to 
evaluate potential contamination and sampling error introduced into a sample prior to its 
submittal to the analytical laboratory. Laboratory QA/QC activities provide information 
needed to assess potential laboratory contamination, analytical precision and accuracy, 
and representativeness. 

Sample Tracking and Handling 

Water samples will be kept properly chilled and will be transferred to the analytical 
laboratory within holding times to achieve the highest quality data possible. To ensure 
proper tracking and handling of the samples, documentation will accompany the samples 
from the initial collection to the final extractions and analysis. Minimum documentation 
includes: 

• Sampling Analysis Request Form; and 
• Chain-of-Custody Forms. 

These forms (or equivalents) will be used to track and handle samples. 

It is· imperative to assuring quality data results that the analytical laboratory provide 
facsimile confirmation of each and all analytical tests to be conducted, their respective 
detection limits, analytical methods, and costs before analyses are allowed to be 
conducted. 

· Analytical Laboratory Requirements 

The following subsections describe the selection of the analytical laboratory, analytical 
methods and detection limits, holding times, and sample container requirements should a 
chemistry laboratory be subcontracted in support of the toxicity testing program. 

Field Quality Assurance/Quality Control 

The types of QA/QC samples that will be utilized for field studies are as follows: 

Blanks - Blanks help verify that the equipment and the sample containers are not 
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contaminated, and the sampling techniques used are non-contaminating. 

Duplicate Analyses - These analyses will be performed for both grab samples and 
composite samples and will require an additional set of sample containers to be sub
sampled. The results will allow evaluation of sampling error introduced by both field 
sampling and laboratory analyses. Duplicate samples will be sent ''blind" to the 
laboratories 

Matrix Spike and Matrix Duplicate Spike (MS/MSD) - The laboratory will require 
additional sample volumes for analyses that require matrix spikes and matrix spike 
duplicates to evaluate precision and accuracy of the laboratory analytical method, and 
to evaluate any matrix interference. MS/MSDs are analyzed for their analytes and 
then spiked with a known amount of analyte(s). 

Grab Samples on identification for these samples because they are to be submitted as 
blind samples. These samples also will be placed in a designated location for the 
analytical laboratory, and accompanied with all proper Chain-of-Custody Forms. 

Laboratory Quality Assurance/Quality Control 

Analytical quality assurance for this program includes the following: 

• Employi~g analytical chemists trained in the procedures to be followed. 
• Adherence to documented procedures, EPA methods, written SOPs, and other 

approved methods (e.g., Standard Methods). 
• Calibration of analytical instruments. 
• Use of Standard Reference Materials (SRMs). 
• Complete documentation of sample tracking and analysis. 

Internal laboratory quality control checks will include the use of method blanks, matrix 
spike/matrix spike duplicates, replicates, laboratory control spikes and Standard 
Reference Materials (SRMs). · 

Replicates A laboratory replicate (also called a laboratory split) sample is generated by 
the laboratory. Because oflimited analytical budget for this project, laboratory replicates 
samples will not be prepared. However, the laboratory will report spike duplicate results. 
Duplicate ·analyses results are evaluated by calculating the relative percent difference 
(RPD) between the two sets of results. This serves as a measure of the reproducibility 
(precision) of the sample results. 

Method Blanks On a frequency of one per batch of20 or fewer samples, a method blank 
sample will be analyzed for each analytical method. A method blank is a sample of a 
known matrix that has been subjected to the same complete analytical procedure as the 
submitted samples to determine if potential contamination has been introduced into the 
samples during processing. Blank analysis results will be checked against reporting 
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limits for that analyte. Results should be less than the reporting limits for each analyte. 

Spikes Two different kinds of spikes will be used: matrix spikes (MS) and laboratory 
control (blank) spikes (LCS). 

Matrix spikes involve adding a known amount of the analyte(s) of interest to one of the 
submitted samples being analyzed. One sample is split into three separate portions. One 
portion is analyzed to determine the concentration of the analyte(s) in question in an un
spiked state. The other two portions are spiked with a known concentration of the 
analyte(s) of interest. The recovery of the spike, after accounting for the concentration of 
the analyte in the original sample, is a measure of the accuracy of the analysis. By 
determining MSD recoveries, another measure of precision (RPD) can be calculated. 
Both the RPD values and spike recoveries are compared against accepted and known 
method-dependent limits. Results outside these limits are subject to corrective action. 
MSIMSD data is also useful in evaluating matrix interference. 

The second spike type, the LCS, involves spiking known amounts of the analyte(s) of 
interest into a known, clean matrix to assess the possible matrix effects on spike 
recoveries. High or low recoveries of the analytes in the matrix spikes may be caused by 
interferences in the sample. LCSs assess these possible matrix effects because the matrix 
is known to be free from interferences. Matrix spikes and LCSs are analyzed at a 
frequency of one per batch of 20 or fewer samples. 

·Standard Reference Materials (SRMs) A SRM is a sample containing a known and 
certified amount of the analyte of interest and is typically analyzed by personnel without 
the knowledge of that concentration. SRMs are typically purchased from independent 
suppliers who prepare them and certify the analyte concentrations. Results are evaluated 
by comparing results obtained against the known quantity and the acceptable range of 
results supplied by the manufacturer. One external reference standard appropriate to the 
sample matrix will be analyzed at least quarterly by the laboratory. 

Corrective Action Corrective action is taken when an analysis is deemed unreasonable 
for some reason. These reasons include exceeding RPD ranges and/or problems with 
spike recoveries or blanks. The corrective action varies somewhat from analysis to 
analysis, but typically involves the following: · · 

• A check of procedures. 
• A review of documents and calculations to identify possible errors. 
• Correction of errors. 
• Similar calculations to improve accuracy. 
• A re-analysis of the sample extract, if available, to determine if results can be 

improved. 
• A complete reprocessing and re-analysis of additional sample material, if available and 

if the holding time has not been exceeded. 
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• XI. TESTING PROCEDURES 

• 

• 

Ogden employs standard operating procedures derived from the following documents. 
Any modified methods as specified in the SOPs. Laboratory methods currently used by 
Ogden are contained in the following references: 

"Bioassay Manual for Dredged Sediments." United States Army Corps of Engineers, Los 
Angeles District (February 1988). 

"Bioassay Procedures for the Ocean Disposal Permit Program." United States 
Environmental Protection Agency, Environmental Research Laboratory, Gulf 
Breeze, Florida, (EPA-600/9-78-010 March 1978). 

"Biological Testing Methods." Hazardous Waste Section, Washington State Department 
ofEcology (DOE 80-12, July 1981). 

"Conducting Static Acute Toxicity Tests with Larvae of Four Bivalve Mollusks." ASTM 
Designation E 724-80 (ASTM, 1993). 

Dinnel, P. A., J. M. Link, and Q. S. Stober, 1987. Improved methodology for a sea 
urchin sperm cell bioassay for marine waters. Arch. Environ. Contam. Toxicol. 
16:23-32. 

"Ecological Effects Test Guidelines. OPPTS 850.1000 Special Considerations for 
Conducting Aquatic Laboratory Studies." EPA 712-C-96-113, April 1996. 
Public Draft. 

"Ecological Effects Test Guidelines. OPPTS 850.1010 Aquatic Invertebrate Acute 
Toxicity Test, Freshwater Daphnids." EPA 712-C-96-114, April 1996. Public 
Draft. 

"Ecological Effects Test Guidelines. OPPTS 850.1075 Fish Acute Toxicity Test, 
Freshwater and Marine." EPA 712-C-96-118, April1996. Public Draft. 

"Ecological Evaluation of Proposed Discharge of Dredged Material into Ocean Waters, 
Implementation Manual for Section 103 of Public Law 92-532. (Environmental 
Protection Agency/Corps of Engineers. 1977 [Marine Protection, Research and 
Sanctuaries Act of 1972]). · 

"Experimental Evaluation of Effiuent Toxicity Testing Protocols with Giant Kelp, 
Mysids, Red Abalone, and Topsmelt." Marine Bioassay Project, State of 
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California Water Resources Control Board (Division of Water Quality Report No. • 
89-5WQ, August 1989). 

"Handbook for Analytical Quality Control in Water and Wastewater Laboratories." 
· United States Department Environmental Protection, Environmental and Support 

Laboratory, Cincinnati, Ohio, (EPA-600/4-79-019 March 1970). · 

"Laboratory Guidance and Whole Effiuent Toxicity Test Review Criteria." Washington 
State Department of Ecology, Water Quality Program. (Publication No. WQ-R-
95-80 December 1998). 

"Marine Toxicity Identification Evaluation (TIE) - Phase I Guidance Document" 
(EPA/600/R-96/054 September 1996). 

"Methods for Aquatic · Toxicity Identification Evaluation - Phase I Toxicity 
Characterization Procedures" 2nd Edition, (EPA/600/6-91/003 February 1991). 

"Methods for Aquatic Toxicity Identification Evaluations - Phase II Toxicity 
Identification Procedures for Samples Exhibiting Acute and Chronic Toxicity" 
(EPA/600/R-92/080 September 1993). 

. "Methods for Aquatic Toxicity Identification Evaluations - Phase ill Toxicity 
.Conformation Procedures for Samples Exhibiting Acute and Chronic Toxicity" 
··(EPA/600/R-92/081 September 1993). 

"Methods for Measuring the Acute Toxicity of Effluents to Freshwater and Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support Laboratory, Cincinnati, Ohio, (EPA-600/4-85-019 March 1985). 

"Methods for Measuring the Acute Toxicity of Effiuents to Freshwater and Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support Laboratory, Cincinnati, Ohio, (EPA-600/4-90-027 September 1991). 

"Methods for Measuring the Acute Toxicity of Effiuents to Freshwater and Marine 
Organisms." United States Environmental Protection Agency, Environmental and 
Support Laboratory, Cincinnati, Ohio, (EP A-600/4-90-027F August 1993). 

"Procedures for Handling and Chemical Analysis of Sediment and Water· Samples." 
United States Army Corps of Engineers, Environmental Laboratory, Waterways 
Experimental Station, Vicksburg, Mississippi, {Technical Report EPA/CE-81.;1 
May 1981). 
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"Quality Assurance Guidelines for Biological Testing." United States Environmental 
Protection Agency, Environmental Monitoring and Support Laboratory, Las 
Vegas, NV (EPA-600/4-78-043, August 1978). 

"Standard Methods for the Examination of Water and Wastewater." American Public 
Health Association, Washington, DC, (most recent edition). 

"Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to Freshwater Organisms." United States Environmental Protection 
Agency, Environmental and Support Laboratory, Cincinnati, Ohio, (Second 
Edition; EPN600/4-89/001, March 1989). 

"Short-term Methods for Estimating the Chronic Toxicity of Effluents and, Receiving 
Waters to Marine and Estuarine Organisms." United States Environmental 
Protection Agency, Environmental Monitoring and Support Laboratory, 
Cincinnati, Ohio,(EPN600/4-87-028, May 1988). 

"Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms." United States 
Environmental Protection Agency, Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio, (EP N6o'O/R-95/i36, August 1995) . 

"Static Acute Bioassay Procedures for Hazardous Waste Samples." California 
Department ofFish and Game (16 September 1987). 

Swartz, R. C., W. A. DeBen, J. K. P. Jones, J. 0. Lamberson, and F. A. Cole, 1985. 
Phoxocephalid Amphipod Bioassay of Marine Sediment Toxicity. Aquatic 
Toxicology and Hazard Assessment. 7th Symposium. ASTM STP854. pp. 284-
307. 

"ToxCalc Comprehensive Toxicity Data Analysis and Database Software." Version 5.0. 
Tidepool Scientific Software, 1992-1994. 

XII. WASTE DISPOSAL 

All wastes are disposed of in accordance with local, state, and federal regulations. Any 
containers used for laboratory acids, solvents, effluents and other laboratory chemicals 
are disposed of according to established guidelines (ASTM, 1987) . 
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Toxicity-- The discernible adverse effects induced in an organism within a short period of 
time (days) of exposure to a chemical. For aquatic animals, this usually refers to 
continuous exposure to the chemical in water for a period of up to four days. The effects 
(lethal or sub-lethal) occurring may usually be observed within the period of exposure 
with aquatic organisms. Acute toxicity is usually defimid as TUa = 100/LCSO. Note that 
acute means short, not mortality. 

Acute Toxicity test -- A method used to determine the concentration of a substance that 
produces a toxic effect on a specified percentage of test organisms in a short period of 
time (e.g., 96 hours). As a general guideline, death is the measure of toxicity. 

Ambient Toxicity -- Toxicity found in the "unaffected" portion of an effluent's receiving 
waters. 

Bioassay -- A test used to evaluate the relative potency of a chemical by comparing its 
effect on a living organism with the effect of a standard preparation on the same type of 
organism. The term "bioassay" is commonly, though not technically correct, used 
interchangeably with the term "toxicity test". 

Chronic toxicity -- An adverse effect that lingers or continues for a relatively long period 
of time. A chronic effect can be lethality, growth, reduced reproduction, etc. Chronic 
toxicity is defined as TUc = 100/NOEC or TUc = 100/ECp (or 100/ICp). Note: chronic 
means long. 

Chronic toxicity test -- A method used to determine the concentration of a substance in 
water that produces an adverse effect on a test organism over an extended period oftime. 
Reductions in reproduction or growth are measures of chronic effects. 

Coefficient of Variation (CV) --The standard statistical measurement of the relative 
variation of a distritubtion or set of data, defined as the standard deviation divided by the 
mean. Coefficient of variation is a measurement of precision within and and among 
laboratories. 

Confidence limits or interval (C/) -- The limits or interval within which, at some specified 
level ofprobability, the true value of a result lies. Typically LCSO values are reported 
with a 95 % confidence limits. 

Control -- An exposure oftest organisms to dilution water only (no toxicant is added). 
Dilution water may consist oflaboratory or client supplied receiving waters. 

Critical life stage -- The period oftime in an organism's life span in which it is the most 
susceptible to adverse effects caused by exposure to toxicants, usually during early 
development (egg, embryo, larvae). Chronic toxicity tests are often run on critical life 
stages to replace long duration, life cycle tests since the toxic effect occurs during the 
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• critical life stage. 
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Death -- Defined as the lack of movement or reaction even after gentle prodding, 

Definitive bioassay -- A bioassay designed to establish concentration at which a particular 
end point occurs. Exposures for these tests are longer than for screen or range finding 
assays and usually incorporate multiple replicates. 

Dilution allowance ""- Allowance given to account for initial dilution of effluent into 
receiving waters. Becomes an important factor when calculating proper test 
concentrations for toxicity testing. 

Dilution water -- The water to which the test substance is added (diluted) and in which 
the organisms undergo exposure. 

Dose Response Curve -- A mathematical representation of the response of test organisms 
to different concentrations of a toxicant/effluent. 

Effective Concentration (EC) --A point estimate (statistically derived) of the toxicant 
concentration that would cause an quanta! ("all or nothing") effect, such as death or lack 
of fertilization, in a given time, for example, 96hr ECSO . 

EC50 --The concentration of test substance in dilution water that is calculated to effect 
50 percent of a test population during continuous exposure over a specified period of 
time. 

Exposure time-- Length of time a test organism is exposed to a test solution. 

Flow-through tests -- Refers to the continuous or very frequent passage of fresh test 
solution through a test chamber with no recycling. Because of the large volume {often 
400 L/day) of effluent normally required for flow-through tests, it is generally considered 
too costly and impractical to conduct these tests off-site at a central laboratory. 

Hazardous Waste Test -- A test to determine whether or not a particular sample exceeds 
state toxicity guidelines and is therefore classified as hazardous waste. 

Hypothesis Testing -- A technique that determines what concentration is statistically 
different from the control. Endpoint determined from hypothesis testing are NOEC and 
LOEC. 

Inhibition Concentration (/C) --A point estimate (statistically derived) of the toxicant 
concentration that would cause a given percent reduction in a non-quanta! biological 
measurement such as fecundity or growth. For example, an IC25 would be the estimated 
concentration of toxicant that would cause a 25% reduction in mean young produced or in 
growth. 
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'Lethal Concentration (LC) -- toxicant concentration producing death of test organism. 
For example, a 96 hr LC50 would be the test concentration killing 50% of exposed 
organisms after 96 hours of exposure. 

LC50 --Lethal concentration of a substance killing 50 percent of an exposed organisms at 
a specific time interval. Also referred to as the median lethal concentration (MLC). 

LOEC (Lowest Observed Effect Concentration) -- The lowest toxicant concentration of an 
effluent or a toxicant in a chronic bioassay that caused an adverse effect statistically 
different from the control. Also referred to as the LOEL (Lowest Observed Effect Level). 

Major Permit-- Any permit(ee) with a design flow of 1.0 MGD (million gallons per day) 
or greater (municipal). Any permit(ee) which scores 80 or greater on the major/minor 
permit classification scale (industrial). · 

MATC (Maximum Acceptable Toxicant Concentration) -- Toxicant concentration that 
may be present in a receiving water without causing significant harm to productivity or 
other uses. MA TC is determined by long term tests of either partial life cycle with 
sensitive life stages or a full life cycle of the test organism. 

MGD -- Million Gallons per Day of discharge. 

Minimum Significant Difference (MSD) -- This is the magnitude of difference from the 
control where the null hypothesis (the effluent is not toxic) is rejected in a statistical test 
comparing a treatment (effluent concentrations) and a control. MSD is based on the 
number of replicates, control performance and the power ofthe test. 

Mixing Zone -- An allocated impact area in a water body where numeric water quality 
criteria can be exceeded as long as acutely toxic conditions are prevented. Also referred 
to as ZID (Zone of Initial Dilution). 

Neonate-- Recently hatched cladoceran (water flea)(ie., Ceriodaiphnia Dubia). 

NOEC (No Observed Effect Concentration) -- The highest concentration of an effluent or 
a toxicant in a chronic bioassay that did not cause adverse effect statistically different 
from the control. 

NOEL (No Observed Effect Level) -- The highest measured continuous concentration of 
an effluent or other toxicant that causes no observed effect on a test organism. 

NPDES --The National Pollutant Discharge Elimination System prescribed by Section 
402 of the Clean Water Act. · 

Point Estimate Techniques -- Statistical techniques, such as Probit Analysis, Interpolation 

•• 

• 

Method, or Trimmed Sperman Karber Method, that are used to determine the effluent • 
concentration at which adverse effects occurred. For example, the LC50 is the . 
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concentration at which 50% mortality occrred. These interpulative methods do not require 
that the desired endpoint concentration concntration be actually tetsed as in hypothesis 
testing. 

Point source -- A discrete conveyance such as a pipe, ditch, etc. contributing pollutants to 
the environment. 

Pollutant-- A contaminant introduced into a receiving water which is subject to 
technology-based or water-quality based effiuent limitations in the permit. 

POTW --Publicly Owned Treatment Works, usually consisting of primary and secondary 
(biological) treatment. 

Reference Toxicant-- A chemical used to access the constancy ofresponse of a given 
species of test organisms to that chemical. It is assumed that any change in sensitivity to 
the reference substance will indicate the existence of some similar change in degree of 
sensitivity to other chemicals/effluents whose toxicity is to be determined. 

Renewal test -- A test without continuous flow of solution, but with occasional renewal of 
test solutions after prolonged periods, e.g., 24 hours. 

Replicate -- Two or more duplicate tests, samples, organisms, concentrations, or exposure 
chambers. 

Response-- The measured biological effect of the material tested. In acute toxicity tests 
this is usually death. In biostimulation tests this is usually biomass increase. In chronic 
toxicity tests this can be reductions in reproduction, growth as well as death. 

Screening test -- An abbreviated toxicity test with one or two toxicant concentrations. 
Some Regional and State effiuent biomonitoring programs stipulate its use. Iflethality is 
observed in the screening test, a definitive test may be required. 

Static tests-- Toxicity tests with aquatic organisms in which no flow of test solution 
occurs. Solutions may remain unchanged throughout the duration of the test. Types 
include: (i) nonrenewal - the test organisms are exposed to the same effiuent solution for 
the duration of the test; and (ii) renewal - the test organisms are exposed to a fresh 
solution of the same concentration of effiuent every 24 hours or other prescribed interval, 
either by transferring the test organisms from one test chamber to another, or by replacing 
all . 1 or a portion of the effiuent solution in the test chambers. 

Static renewal test -- A test method in which the test solution is periodically replaced at 
specific intervals during the test. 

Toxicity -- Adverse effect to a test organism caused by "pollutants. " Toxicity is a 
resultant of concentration and time, modified by variables such as temperature, chemical 
form, and availability. 
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Toxicity test-- A measure of the toxicity of a chemical or an effluent using living 
organisms by deterrn.iiring the degree of response (survival, reproduction, growth, etc.) of 
an exposed organism to the chemical or effluent. 

Toxic Units (TUs) --A measure of toxicity in an effluent as determined by the acute 
toxicity units or chronic toxicity units. Higher TUs indicate greater toxicity. 

Toxic Unit Acute (TUa) --A mathematical conversion ofLC50 into a relatable value. 
TUa = 1 OO/LC50. 

Toxic Unit Chronic (TUc) -- A mathematical conversion of an NOEC or NOEL into a 
relatable value. TUc = 1 00/NOEC. 

Toxicity Identification Evaluation {TIE)-- A set of procedures used to identify the 
specific chemical(s) responsible for effluent toxicity. TIEs are a subset of the TRE. 

Toxicity Reduction Evaluation {TRE) -- A site-specific study conducted in a stepwise 
process designed to identify the causative agents of effluent toxicity, isolate the sources 
of toxicity, evaluate the effectiveness of toxicity control options, and then confirm the 
reduction in effluent toxicity. TREs may include TIE testing as part of this process. 

Whole Ejjluent Toxicity (WET) -- The total toxic effect of an effluent measured directly 
with a toxicity test. 

Zone of Initial Dilution (ZID) -- An allocated impact area, or mixing zone, in a water 
body where numeric water quality criteria can be exceeded as long as acutely toxic 
conditions are prevented. 
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SECTION3 
SAMPLE CONTROL, FIELD RECORDS, AND DOCUMENT CONTROL 

SECTION OBJECTIVES: 

• Present standard procedures for sample identification. 

• Present standard procedures for sample control. 

• Present standard procedures for chain-of-custody. 

• Present standard procedures for maintenance of field records and document control. 

3.1 Introduction 

All sample identification, chain-of-custody records, receipt for sample fonns, and field records should 
be recorded with waterproof, non-erasable ink. If errors are made in any of these documents, corrections 
should be made by crossing a single line through the error and entering the correct infonnation. All corrections 
should be initialed and dated. If possible, all corrections should be made by the individual making the error. 

If infonnation is entered onto sample tags, logbooks, or sample containers using stick-on labels, the 
labels should not be capable o_f being removed without leaving obvious indications of the attempt. Labels 
should never be placed over previously recorded information. Corrections to information recorded on stick-on 
labels should be made as stated above. 

Following are defmitions of terms used in this section: 

Project Leader: 

Field Sample Custodian: 

Sample Team Leader. 

Sampler: 

Transferee: 

The individual with overall responsibility for conducting a specific field 
investigation in accordance with this SOP. 

Individual responsible formaintainingcustodyofthe samples and completing 
the sample tags, Chain-of-Custody Record, and Receipt for Sample fonn. 

An individual designated by the project leader to be present during and 
responsible for all activities related to the collection of samples by a specific 
sampling team. 

The individual responsible for the actual collection of a sample. 

Any individual who receives custody of samples subsequent to release by the 
field sample custodian. 

Laboratory Sample Custodian: Individual or their designee(s) responsible for accepting custody of samples 
from the field sample custodian or a transferee. 

One individual may fulfill more than one of the roles descnDed above while in the field 
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3.2 Sampte.and Evidence lden~eatlon 
. I 

PERFORMANCE OBJECTIVES: 

• · To accurately identify samples and evidence collected. 

• To adequately insure that chain-of-custody was maintained. 

3.2.1 Sample Identification 

The method of sample identification used depends on the type of sample collected~ Samples collected 
for specific field analyses or measurement data are recorded directly in bound field logbooks or recorded 
directly on the Chain-of-Custody Record, with identifying information, while in the custody of the samplers. 
Examples include pH, temperature, and conductivity. Samples collected for laboratory analyses are identified 
by using standard sample tags (Figure 3-1) which are attached to the sample containers. In some cases, 
particularly with biological samples, the sample tags may have to be included with or wrapped around the 
samples. The sample tags are sequentially numbered and are accountable documents after they are completed 
and attached to a sample or other physical evidence. The following information shall be included on the sample 
tag using waterproof, non-erasable ink: 

• project number; 

• field identification or sample station number; 

• date and time of sample collection; 

• designation of the sample as a grab or composite; 

• type of sample (water, wastewater, leachate, soil, sediment, etc.) and a very brief description of 
the sampling location; 

• the signature of either the sarnpler(s) or the designated sampling team leader and the field sample 
custodian (if appropriate); 

• whether the sample is preserved or unpreserved; 

• the general types of analyses to be performed (checked on front of tag); and 

• any relevant comments (such as readily detectable or identifiable odor, color, or known toxic 
properties). 

Samples or other physical evidence collected during criminal investigations are to be identified by using 
the "criminal sample tag." This tag is similar to the standard sample tag shown in Figure 3-1, except that it has 
a red border around the front and a red background on the back of the tag. If a criminal sample tag is not 
available, the white sample tag may be used and should be marlced "Criminal" in bold letters on the tag . 
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If a sample is split with a facility, state regulatory agency, or other party representative, the recipient 
should be provided (if enough sample is available) with an equal weight or volume of sample (see Section • 
2.3.6). The split sample should be clearly marked or identified with a stick-on label. - ' 

I : •. 

Tags for blank or duplicate samples will be marked "blank" or "duplicate," respectively. This 
requirement does not apply to blind-spiked or blank samples which are to be submitted for laboratory quality' 
control purposes. Blind-spiked or blank samples shall not be identified as such. This identifying infonnation 
shall also be recorded in the bound field logbooks and on the Chain-Of-Custody Record as outlined in Sections 
3.3 and 3.5. · 

3.2.2 Photograph IdentifiCation 

Photographs used in investigative reports or placed in the official files shall be identified on the back 
of the print with the following infonnation: · 

• A brief, but accurate description of what the photograph shows, including the name of the facility 
or site and the location. 

• The date and time that the photograph was taken. 

• The name of the photographer. 

When photographs are taken, a record of each frame exposed shall be kept in the bound field logbook 
along with the infonnation required for each photograph. The film shall be developed with the negatives 

. supplied uncut. The field investigator shall then enter the required infonnation on the prints, using the 
photographic record from the bound field logbook, to identify each photograph. For criminal investigations, 
the negatives must be maintained with the bound field logbook in the project file and stored in a secured file • 
cabinet. . 

.:3.2.3 Identification of Physical Evidence 

Physical evidence, other than samples, shall be identified by utilizing a sample tag or recording the 
necessary infonnation on the evidence. When samples are collected from vessels or containers which can be 
moved (drums for example), mark the vessel or container with the field identification or sample station number 
for future identification, when necessary. The vessel or container may be labeled with an indelible marker (e.g., 
paint stick or spray paint). The vessel or container need not be marked if it already has a unique marking or 
serial number; however, these numbers shall be recorded in the bound field logbooks. In addition, it is 
suggested that photographs of any physical evidence (markings, etc.) be taken and the necessary infonnation 
recorded in the field logbook. 

Occasionally, it is necessary to obtain recorder and/or instrument charts from facility owned analytical 
equipment, flow recorders, etc., during field investigations and inspections. Mark the charts and write the 
following infonnation on these charts while they are still in the instrument or recorder : 

• Starting and ending time(s) and date(s) for the chart. 

• Take an instantaneous measurement of the media being measured by the recorder. The 
instantaneous measurement shall be entered at the appropriate location on the chart along with 
the date and time of the measurement 

• A description of the location being monitored and any other information required to interpret the 
data such as type of flow device, chart units, factors, etc. • 
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All of the above infonnation should be initialed by the field investigator. After the chart haS beeli 
removed, the field investigator shall indicate on the c~ who the chart (or copy of the chart) was received from 
and enter the date and time, as well as the investigator's initials.";:: · . · · · · ··. r •· 

' ' ' ; •·.·~ • ,• • • I;,. 

Docmnents stlch as technical reports, ·.laboratory reports, etc., should be marked With the field 
investigator's signature, the date, the number of pages,· and from whom they were received. Coluidential 
documents should not be accepted, except in speeial circumstances such as process audits, hazardous waste 
site investigations, etc. ·: · 

3.3 Chain-of-Custody Procedures 

PERFORMANCE OBJECTIVE: 

• To maintain and document the possession of samples or other evidence from the time of 
collection until they or the data derived from the samples are introduced as evidence. 

3.3.1 Introduction 

Chain-of-custOdy procedures are comprised of the following elements; 1) maintaining sample custody 
and 2) documentation of samples for evidence. To document chain-of-custody, an accurate record must be 
maintained to trace the possession of each sample from the moment of collection to its introduction into 
evidence . 

3.3.2 Sample Custody 

A sample or other physical evidence is in custody if: 

• it is in the actual possession of an investigator; 

,c. • it is in the view of an investigator, after being in their physical possession; 

• it was in the physical possession of an investigator and then they secured it to prevent tampering; 
and/or. 

• it is placed in a designated secure area. 

3.3.3 Documentation of Chain-of-Custody 

Sample Tag 

A sample tag (Figure 3-1) should be completed for each sample using waterproof, non-erasable ink 
as specified in Section 3.2 . 
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Sample Seals 

Samples' should be seated as soon-as possible following .collection utiliziDg the EPA custody seal (EPA • 
Form 7500-2(R7-7S)) shown in Figure 3-2. A similar seal is used for samples collected during criminal 
investigations, however, the seal is red. Though not required, red custody seal is preferred for sealing samples 
collected during criminal investigations. The sample custodian should write the date and their signature or 
initials on the seal. The use of custody seals may be waived if fieid investigators keep the samples in their 
custody as defmed in Section 3.3.2 from the time of collection until the samples are delivered to the laboratory 
analyzing the samples. 

Chain-of-Custody Record 

The field Chain-Of-Custody Record (Figme 3-3) is used to record the custody of all samples or other 
physical evidence collected and maintained by investigators. All physical evidence or sample sets shall be 
accompanied by a Chain-Of-Custody Record. This Chain-Of-Custody Record documents transfer of custody 
of samples from the sample custodian to another person, to the laboratory, or other organizational elements. 
To simplify the Chain-of-Custody Record and eliminate potential litigation problems, as few people as possible 
should have custody of the samples or physical evidence during the investigation. This form shall not be used 
to document the collection of split samples where there is a legal requirement to provide a receipt for samples 
(see Section 3 .4). The Chain-Of-Custody Record also serves as a sample logging mechanism for the laboratory 
sample custodian. A Chain-of-Custody Record will be completed for all samples or physical evidence 
collected. A separate Chain-of-Custody Record should be used for each fmal destination or laboratory utilized 
during the investigation. · 

The following information must be supplied in the indicated spaces (Figure 3-3) to complete the field 
Chain-Of-Custody Record. • 

• The project number. 

• The project name. 

• All samplers and sampling team leaders (if applicable) must sign in the designated signature block. 

• The sampling station number, date, and time of sample collection, grab or composite sample 
designation, and a brief description of the type of sample and/or the sampling location must be 
included on each line. One sample should be entered on each line and a sample should not be split 
among multiple lines. 

• If multiple sampling teams are collecting samples, the sampling team leader's name should be 
indicated in the "Tag No./Remarks" column. 

• If the individual serving as the field sample custodian is different from the individual serving as 
the project leader, the field sample custodian's name and the title of the sample custodian (e.g., 
Jane Doe, Sample Custodian) should be recorded in the "Remarks" section in the top right comer 
of the Chain-of-Custody Record. The Remarks section may also be used to record airbill 
numbers, registered or certified mail serial numbers, or other pertinent information. 
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• The total number of sample containers must be listed in the "Total Containers" column for each 
sample. The number of individual containers for each analysis must also be listed. There should 
not be more than one sample type per sample. Required analySes should be circled or entered in 
the appropriate location as indicated on the Chain-of-Custody Record. 

• The tag numbers for each sample and any needed remarks are to be supplied in the "Tag 
No.IR.emarlcs" column. 

• The sample custodian and subsequent transferee(s) should document the transfer of the samples 
listed on the Chain-of-Custody Record. The person who originally relinquishes custody should 
be the sample custodian. Both the person relinquishing the samples and the person receiving them 
must sign the. form. The date and time that this occurred should be documented in the proper 
space on the Chain-of-Custody Record. 

• Usually, the last person receiving the samples or evidence should be the laboratory sample 
custodian or their designee(s). 

The Chain-of-Custody Record is a serialized document. Once the Record is completed, it becomes an 
accountable document and must be maintained in the project file. The suitability of any other form for chain
of-custody should be evaluated based upon its inclusion of all of the above information in a legible format. 

If chain-of-custody is required for documents received during investigations, the documents should be 
placed in large envelopes, and the contents should be noted on the envelope. The envelope shall be sealed and 
an EPA custody seal placed on the envelope such that it cannot be opened without breaking the seal. A Chain
Of-Custody Record shall be maintained for the envelope. Any time the EPA seal is broken, that fact shall be 
noted on the Chain-Of-Custody Record and a new seal affixed. The information on the seal should include the 
sample custodian's signature or initials, as well a5 the date. 

Physical evidence such as video tapes or other small items shall be placed in Zip-Loc®.type bags or 
envelopes and an EPA cu5tody seal should be afl1xed so that they cannot be opened without breaking the seal. 
A Chain-Of-Custody Record shall be maintained for these items. Any time the EPA seal is broken, that fact 
shall be noted on the Chain-of-Custody Record and a new seal affiXed. The information on the seal should 
include the sample field custodian's signature or initials, as well as the date. 

EPA custody seals can be used to maintain custody of other items when necessary by using similar 
procedures as those previously outlined in this section. 

Samples should not be accepted from other sources unless the sample collection proce<;tures used are 
known to be acceptable, can be documented, and the sample chain-of-custody can be established If such 
samples are accepted, a standard sample tag containing all relevant information and the Chain-Of-Custody 
Record shall be completed for each set of samples . 
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3.3.4 Transfer of Custody with Shipment 

• Samples shall be properly packaged for shipment in accordance with th~ proCedures outlined in • 
AppendixD. . 

• All samples shall be accompanied by the Chain-Of-Custody Record. The original and one copy 
of the Record will be placed in a plastic bag inside the secured shipping container if samples are 
shipped. When shipping samples via common carrier, the "Relinquished By" box should be filled 
in; however, the "Received By" box should be left blank. The laboratory sample custodian is 
responsible for receiving custody of the samples and will fill in the "Received By" section of the 
Chain-of-Custody Record. One copy of the Record will be retained by the project leader. The 
original Chain-of-Custody Record will be transmitted to the project leader after the samples are 
accepted by the laboratory. This copy will become a part of the project file. 

• If sent by mail, the package shall be registered with return receipt requested. If sent by common 
carrier, a Government Bill of Lading (GBL) or Air Bill should be used. Receipts from post 
offices, copies ofGBL's, and Air Bills shall be retained as part of the documentation of the chain
of-custody. The Air Bill number, GBL number, or registered mail serial number shall be recorded 
in the remarks section of the Chain-Of-Custody Record or in another designated area if using a 
fonn other than that shown in Figure 3-2. 

3.4 Receipt for Samples Form (CERCLA/RCRA/fSCA) 

3.4.1 Introduction 

Section 3007 of the Resource Conservation and Recovery Act (RCRA) of 1976 and Section 104 of 
'.the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund) of 
'1980 require that a "receipt" for all facility samples collected during inspections and investigations be given 
to the owner/operator of each facility before the field investigator departs the premises. The Toxic Substances 
Control Act (TSCA) contains similar provisions. 

3.4.2 Receipt for Samples Fonn 

The Receipt for Samples fonn (Figure 3-4) is to be used to satisfy the receipt for samples provisions 
of RCRA, CERCLA, and TSCA. The fonn also documents that split samples were offered and either 
"Received" or "Declined" by the owner/operator of the facility or site being investigated. The following 
information must be supplied and entered on the Receipt for Samples form. 

• The project number, project name, name of facility or site, and location of the facility or site must 
be entered at the top of the fonn in the indicated locations. 

• The sampler(s) must sign the fonn in the indicated location. If mUltiple sample teams are 
collecting samples, the sample team leader's name should be indicated in the "EPA Sample Tag 
No.'s!Remarks" column. 
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• Each sample collected from the facility or site must be docwnented in the· sample record portion 
of the fonn. The sample station number, date and time of sample collection, composite or grab 
sample designation, whether or not split samples were collected (yes or no shoUld be entered under 
the split sample column), the tag numbers of samples collected which will be removed from the 
site, a brief description of each sampling location, and the total number of sample containers for 
each sample must be entered. 

• The bottom of the fonn is used to document the site operator's acceptance or rejection of split 
samples. The project leader must sign and complete the information in the "Split Samples 
Transferred By" section (date and time must be entered). If split samples were not collected, the 
project leader should initial and place a single line through "Split Samples Transferred By" in this 
section. The operator of the site must indicate whether split samples were received or declined and 
sign the fonn. The operator must give their title, telephone number, and the date and time they 
signed the fonn. If the operator refuses to sign the fonn, the sampler(s) should note this fact in 
the operator's signature block and initial this entry. 

The Receipt for Samples fonn is serialized and becomes an accountable document after it is completed. 
A copy of the fonn is to be given to the facility or site owner/operator. The original copy of the fonn must be 
maintained in the project files. 

3.5 Field Records 

PERFORMANCE OBJECTIVE: 

• To accurately and completely document all field activities. 

Each project should have a dedicated logbook. The project leader's name, the sample team leader's 
name (if appropriate), the project name and location, and the project number should be entered on the inside 
of the front cover of the logbook. It is recommended that each page in the logbook be numbered and dated. 
The entries should be legible and contain accurate and inclusive documentation of an individual's project 
activities. At the end of all entries for each day, or at the end of a particular event if appropriate, the 
investigator should draw a diagonal line and initial indicating the conclusion of the entry. Since field records 
are the basis for later written reports, language should be objective, factual, and free of personal feelings or 
other terminology which might prove inappropriate. Once completed, these field logbooks become accountable 
documents and must be maintained as part of the official project files. All aspects of sample collection and 
handling, as well as visual observations, shall be documented in the field logbooks. The following is a list of 
information that should be included in the logbook: 

• sample collection equipment (where appropriate); 

• field analytical equipment, and equipment utilized to make physical measurements shall be 
identified; 

• calculations, results, and calibration data for field sampling, field analytical, and field physical 
measurement equipment; 

• property numbers of any sampling equipment used, if available; 
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• sampling station identification; 

• time of sample collection; 

• description of the sample location; 

• description of the sample; 

• who collected the sample; 

• how the sample was collected; 

• diagrams of processes; · 

• maps/sketches of sampling locations; and 

• weather conditions that may affect the sample (e.g., rain, extreme heat or cold, wind, etc.) 

3.6 Document Control 

The tenn document control refers to the maintenance of inspection and investigation project files. All 
project files shall be maintained in accordance with Divisional guidelines. All documents as outlined below 
shall be kept in project files. Investigators may keep copies of reports in their personal files, however, all 
official and original documents relating to inspections and investigations shall be placed in the official project 

· files. The following documents shall be placed in the project file, if applicable: · · 

• request memo from the program office; 

• copy of the study plan; 

• original Chain-Of-Custody Records and bound field logbooks; 

• copy of the Receipt for Sample fonns; 

• records obtained during the investigation; 

• complete copy of the analytical data and memorandums transmitting analytical data; 

• official correspondence received by or issued by the Branch relating to the investigation including 
records of telephone calls; · 

• photographs and negatives associated with the project; 

• one copy of the fmal report and transmittal memorandum(s); and 

• relevant documents related to the original investigation/inspection or follow-up activities related . 
to the investigation/inspection. 

• 

• 

Under no circumstances are any inappropriate personal observations or iirelevant infmmation to be 
filed in the official project files. The project leader shall review the file at the conclusion of the project to insure • 

. that it is complete. - · 
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3. 7 Disposal of Samples or Other Physleal Evldence 
\ ~.' ! ~ • ' 

Disposal of samples or other physical evidence obtained during investigations is conducted on a case
by-case basis. Before samples which have been analyzed are disposed, laboratory personnel shall contact the 
project leader or his/her supervisor in writing, requesting permission to dispose of the samples. The samples 
will not be disposed of until the project leader or his/her supervisor completes the appropriate portions of the 
memorandum, signs, and returns the memorandum to the laboratory, specifically giving them permission to 
dispose of the samples. Personnel should check with the EPA Program Office requesting the inspection or 
investigation before granting permission to dispose of samples or other physical evidence. The following 
general guidance is offered for the disposal of samples or other physical evidence: · 

• No samples, physical evidence, or any other document associated With a criminal investigation 
shall be disposed without written permission from EPA's Criminal Investigations Division. 

• Internal quality assurance samples are routinely disposed after the analytical results are reported. 
The laboratory does not advise the Quality Assurance Officer of the disposal of these samples. 

• Samples associated with routine inspections may be disposed following approval from the project 
·reader. 

After samples are disposed, the laboratory shall send the sample tags to the Field Equipment Center 
(FEC) coordinator. These sample tags are accountable and must be placed and maintained in official files at 
the FEC. 

3.8 Field Operations Records Management System (FORMS) 

FORMS is a computer program designed to streamline the documentation required by ESD and/or the 
Contract Laboratory Program (CLP) for sample identification and chain-of-custody. Once the appropriate 
infonnation is entered into the computer, FORMS will generate stick-on labels for the sample tags, sample 
containers (CLP), and field logbooks, and will generate the sample receipt and chain-of-custody reports for the 
appropriate laboratory. The advantages to this system include faster processing of samples and increased 
accuracy. Accuracy is increased because the infonnation is entered only once, and consequently, consistent 
from the log book to the tags, bottle labels, and chain-of-custody fonns. Operating instructions are available 

. for use with the FORMS program . 
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PERFORMANCE OBJECTIVE: 

. SECTION11 
SEDIMENT SAMPLING 

• To collect a representative sample of sediment from a surface water body. 

11.1 Introduction 

Sampling techniques and equipment are designed to minimize effects on the chemical and physical 
integrity of the sample. If the guidance in this section is followed, a representative sample of the sediment 
should be obtained. 

The physical location of the investigator when collecting a sample may dictate the equipment to be 
used. Wading is the preferred method for reaching the sampling location, particularly if the stream has a 
noticeable current (is not impounded). However, wading may disrupt bottom sediments causing biased results. 
If the stream is too deep to wade, the sediment sample may be collected from a boat or from a bridge. 

To collect a sediment sample from a streambed, a variety of methods can be used: 

• 
• 
• 

Dredges (Peterson, Eckman, Ponar}, 
Coring (tubes, augers) 
Scoops (BMH-60, standard scoop) and spoons 

Regardless of the method used, precautions should be taken to insure that the sample collected is 
representative of the streambed. These methods are discussed in the following paragraphs. 

11.2 Sediment Sampling Equipment 

11.2.1 Scoops and Spoons 

If the surface water body is wadeable, the easiest way to collect a sediment sample is by using a 
stainless steel scoop or spoon. The sampling method is accomplished by wading into the surface water body 
and while facing upstream (into the current), scooping the sample along the bottom of the surface water body 
in the upstream direction. Excess water may be removed from the scoop or spoon. However, this may result 
in the loss of some fine particle size material associated with the bottom of the surface water body. Aliquots 
of the sample are then placed in a glass pan and homogenized accorcling to the quartering method descn"bed 
in Section 5.13.8 ofthis SOP. 

In surface water bodies that are too deep to wade, but less than eight feet deep, a stainless steel scoop 
or spoon attached to a piece of conduit can be used either from the banks if the surface water body is nmow 
or from a boat The sediment is placed into a glass pan and mixed according to Section 5.13.8 of this SOP . 
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If the surface water body has a significant flow and is too· deep to wade, a BMH-60 sampler may be 
used. The BMH-60 is not particularly efficient in mud or other soft substrates because its weight will eause 
penetration to deeper sediments, thus missing the most recently deposited material at the Sediment. water 
interface. It is also difficult to release secured samples in an undisturbed fashion that would readily permit 
subsampling. The BMH-60 may be used provided that caution is exercised by only taking subsamples that 
have not been in contact with the metal walls of the sampler. 

11.2.2 Dredges 

For routine analyses, the Peterson dredge can be used when the bottom is rocky, in very deep water, 
or when the stream velocity is high. The dredge should be lowered very slowly as it approaches bottom, since 
it can displace and miss fme particle size sediment if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It perfonns well where the bottom material is 
unusually soft, as when covered with organic sludge or light mud. It is unsuitable, however, for sandy, rocky, 
and hard bottoms and is too light for use in streams with high velocities. It should not be used from a bridge 
that is more than a few feet above the water, because the spring mechanism which activates the sampler can 
be damaged by the messenger if dropped from too great a height. 

The Ponar dredge is a modification of the Peterson dredge and is similar in size and weight. It has been 
modified by the addition of side plates and a screen on the top ofthe sample compartment. The screen over 
the sample compartment permits water to pass through the sampler as it descends thus reducing turbulence 
around the dredge. The Ponar dredge is easily operated by one person in the same fashion as the Peterson 
dredge. The Ponar dredge is one of the most effective samplers for general use on all types of substrates . 

The "mini" Ponar dredge is a smaller, much lighter version of the Ponar dredge. It is used to collect 
smaller sample volumes when working in industrial tanks, lagoons, ponds, and shallow water bodies. It is a 
good device use when collecting sludge and sediment containing hazardous constituents because the size of the 
dredge makes it more amenable to field cleaning. 

11.2.3 Coring 

Core samplers are used to sample vertical colwnns of sediment. They are particularly useful when a 
historical picture of sediment deposition is desrred since they preserve the sequential layering of the deposit, 
and when it is desirable to minimize the loss of material at the sediment-:water interface. Many types of coring 
devices have been developed depending on the depth of water from which the sample is to be obtained, the 
nature of the bottom material, and the length of core to be collected. They vary from hand push tubes to weight 
or gravity driven devices. 

Coring devices are particularly useful in pollutant monitoring because turbulence created by descent 
through the water is minimal, thus the fines of the sediment-water interface are only minimally disturbed; the 
sample is withdrawn intact permitting the removal of only those layers of interest; core liners manufactured 
of glass or Teflon® can be purchased, thus reducing possible sample contamination; and the samples are easily 
delivered to the lab for analysis in the tube in which they were collected. 

The disadvantage of coring devices is that a relatively small surface area and sample size is obtained 
often necessitating repetitive sampling in order to obtain the required amount of material for analysis. Because 
it is believed that this disadvantage is offset by the advantages, coring devices are recommend!=<~ in sampling 
sediments for trace organic compounds or metals analyses. 1 
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In shallow, wadeable waters, the direct use of a core liner or tube 'manufactured ofTeflon®, plastic, 
or glass is recommended for the collection of_sediment samples. (Plastic tubes are principally used for 
collection of samples for physical parameters such as particle size analysis). Their use can also be extended 
to deep waters when SCUBA diving equipment is utilized. Teflon® or plastic are preferred to glass since they 
are unbreakable which reduces the possibility of sample loss. Stainless steel push tubes are also acceptable 
and provide a better cutting edge and higher strength than Teflon®. The use of glass or Teflon® tubes 
eliminates any possible metals contamination from core barrels, cutting heads, and retainers. The tube should 
be approximately 12 inches in length if only recently deposited sediments (8 inches or less) are to be sampled. 
Longer tubes should be used when the depth of the substrate exceeds 8 inches. Soft or semi-consolidated 
sediments such as mud and clays have a greater adherence to the inside of the tube and thus can be sampled 
with larger diameter tubes. Because coarse or unconsolidated sediments such as sands and gravel tend to fall 
out of the tube, a small diameter is required for them. A tube about two inches in diameter is usually the best 
size. The wall thickness of the tube should be about 1/3 inch for Teflon®, plastic, or glass. The inside wall 
.may be filed down at the bottom of the tube to provide a cutting edge and facilitate entry of the liner into the 
substrate. 

Caution should be exercised not ·to disturb the bottom sediments when the sample is obtained by 
wading in shallow water. The core tube is pushed into the substrate until four inches or less of the tube is 
above the sediment-water interface. When sampling hard or coarse substrates, a gentle rotation of the tube 
while it is being pushed will facilitate greater penetration and decrease core compaction. The top of the tube 
is then capped to provide a suction and reduce the chance of losing the sample. A Teflon® plug or a sheet of 
Teflon® held in place by a rubber stopper or cork may be used. After capping, the tube is slowly extracted 
·with the suction and adherence of the sediment keeping the sample in the tube. Before pulling the bottom part 
of the core above the water surface, it too should be capped. 

When extensive core sampling is required, such as a cross-sectional examination of a streambed (with 
-an objective of profiling both the physical and chemical contents of the sediment}, a whole core must be 
. 'Collected. A strong coring tube such as one made from aluminum, steel or stainless steel is needed to penetrate 
the sediment and underlying clay or sands. A coring device can be used to collect an intact sediment core from 
streambeds that have soft bottoms which allows several inches of penetration. It is recommended that the corer 
have a checkvalve built into the driving head which allows water and air to escape from the cutting core, thus 
creating a partial vacuum which helps to hold the sediment core in the tube. The corer is attached to a standard 
auger extension and handle, allowing it to be corkscrewed into the sediment from a boat or while wading. The 
coring tube is easily detached and the intact sediment cor~ is removed with an extraction device. 

Before extracting the sediment from the coring tubes, the clear supernatant above the sediment-water 
interface in the core should be decanted from the tube. This is accomplished by simply turning the core tube 
to its side, and gently pouring the liquid out until fine sediment particles appear in the waste liquid. The loss 
of some of the fme sediments usually occurs with this technique. 
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MISSION STATEMENT 

Triangle Laboratories is in the business of aP.plying scientific knowledge and measurements to 
the solution of health, environmental and other issues confronting society. 

Beliefs 

We believe that we must excel in relationships with our customers, our employees, and our 
investors while establishing leadership in our technology and operations management. 

We believe that in all things and at all times oOr behavior must follow the highest ethical 
standards. This includes commitments made to customers, suppliers, employees, investors, 
and to one another. 

We believe that to our customers. we must be the laboratory of choice. Our marketing program 
will always honestly inform. We will set the quality and timeliness standards in our markets. 
We will structure our company so that we have the flexibility and versatility required to be 
responsive to customer's needs. We will work until the customer is satisfied . 

We believe that for our employees, we must be the employer of choice. Through the 
application of high ethical standards, maintenance of efficient operations and a respect for 
diversity, we will provide a work environment that enriches and builds people while giving them 
an opportunity to excel and enjoy the dignity, pride, and material rewards of being part of a 
winning team. 

We believe that for our investors, we must commit to the development of long term value in 
their investment. This will be accomplished by taking those risks that have an appropriate 
probability of reward, controlling expenses to maintain high profitability and aggressively 
seeking opportunities to achieve growth through expansion of existing business and developing 
new business opportunities. 

We commit ourselves to conducting research and development so that we are always a leader 
in technology, to apply the knowledge gained to maintain efficient operations and to service our 
customers needs in a timely manner while providing a reasonable profit for our investors . 
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Section 1 

INTRODUCTION 

. 
This manual is a description of the quality assurance program employed at Triangle Laboratories, 
Inc., referred to hereafter as Triangle Labs. It is intended to provide employees, accrediting 
agencies, and clients with the information needed to understand how an effective quality 
assurance system is maintained at Triangle Labs. The QA Manual is divided into fifteen sections 
and several appendices. The first three sections pertain to the manual itself. Sections 4 - 7 
provide general descriptions of Triangle Labs, including its objectives, policies, facilities, 
organization, personnel, and services. The remaining sections describe specific quality assurance 
activities as practiced within different functions br work units. The order of sections 8 - 12 closely 
follows that of the production process at Triangle Labs. The appendices provide supplemental 
materials that support the descriptions in the QA Manual sections. 

Written procedures for implementing the activities described in this manual are maintained as 
standard operating procedures (SOP's) and as department specific training procedures. The 
SOP's are made available to the operating staff through the widely distributed SOP Manuals. The 
training procedures are maintained by the department managers. The provisions of this manual 
are binding upon all laboratory personnel assigned responsibilities described herein. All laboratory 
personnel must adhere implicitly to the Standard Operating Procedures . 
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Section 2 

AUTHORIZATION 

The quality assurance system described in this Quanty Assurance Manual has the absolute 
support of the management at Triangle Labs. • 

The provision of quality analytical services to our customers has given us an enviable reputation 
and has made us a leader in the industry. Assuring that we maintain this status in providing quality 
products to our customers is the responsibility of every member of the laboratory staff. It is 
expected that everyone concerned WJll use this manual as a guide to quality improvement and to 
maintenance of our current standing as a quality-orie11ted laboratory. 

Signature: 

J. RoQd Hbtt~ 
President and Chief Executive Officer 

:D<'I1& r HIM-~ 
Donald J. Harvan 
Quality Assurance Officer 

Philip W. Albro, Ph. D. 
Technical Director 
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Section 3 

MANAGEMENT OF THE QUALITY ASSURANCE MANUAL 

The Quality Assurance Department is responsible for the publication and distribution of the Quality 
Assurance Manual. The manual is submitted to senior management for review and authorization 
annually. As major changes are implemented in the quality assurance system, the Quality 
Assurance Manual is revised and submitted to management for authorization. The assistance of 
laboratory management is essential for the publication of the OA Manual. Department specific 
information is supplied by the department supervisors for inclusion in the manual. 

The authorization signatures found in Section ~ of the manual signify management review and 
approval of the Quality Assurance Manual. The authorization section must be kept current and 
reflect any organizational changes affecting the authorizing positions. 

Document control procedures are applied to the distribution of the Quality Assurance Manual. 
Controlled copies are serially numbered and are updated each time a section is revised. 
Controlled copies of the manual may be distributed to an individual or a department Uncontrolled 
copies may be issued to persons or organizations outside of Triangle Labs. These copies are 
distinctly marked "uncontrolled" and are not subject to updates upon revision of the manual. A 
distribution list is maintained for all controlled copies of the quality Assurance Manual. 

Upon revision, all text added or changed since the last issue of each section is marked with a 
vertical bar in the margin . 

Revision Date 
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Section 4 

OBJECTIVE AND POLICIES 

Objective 

The objective of the staff at Triangle Labs is to provide products and services which satisfy our 
clients' expectations and definitions of quality and which are legally defensible. 

Policies 

The management of Triangle Labs supports the following policies in order to achieve the objective 
and promote the overall quality assurance program: 

• Standard operating procedures shall be implemented in order to determine client 
requirements and to clearly communicate these requirements within the laboratory . 

• Organizational emphasis on quality improvement will take place through strong 
management commitment and leaderShip, employee empowerment and 
teamwork. 

• A comprehensive quality control system shall be established and maintained in 
order to verify and assure continued precision and accuracy of analytical results. 

• Adequate training on laboratory operations shall be available to all employees 
whose decisions may affect the quality of laboratory products. 

• A comprehensive program of documentation shall be implemented to ensure 
maintenance of accountability and traceability throughout the analytical process. 

• Measures shall be implemented to ensure that sample integrity is protected. 

• Validation studies shall be performed for each analytical method, including 
extensive evaluations whenever major modifications have been implemented. 

• The instrumentation, equipment, and materials used in the production process 
shan be controlled {i.e., purchased, verified, calibrated, maintained, monitored, and 
evaluated) to ensure that required standards are mel 
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A comprehensive program for data reduCuon, Validation, ~porting, and archiVal 
shall ~ implemented. . .. )::_~· · · . . 

• Preventive and corrective actions shall be taken to eliminate the causes of 
potential or actual nonconfo·rrriance. Emphasis shaD .be placed on preventive 
measures. 

• Measures shall be implemented in order to meet the requirements set forth by 
agencies from whom certifications and accreditations have been granted.· 
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LABORATORY-DESCRIPTION 

Triangle Laboratories, Inc. 

The location, mailing address, and phone numbers for Triangle Laboratories, Inc. are: 

Triangle Laboratories, Inc. 
801 Capitola Drive 

Durham, North Carolina 27713 

P.O. Box 13485 
Research Triangle Park, North Carolina 27709 

(919) 544-5729 
(919) 544-5491 (Facsimile) 

Triangle Laboratories, Inc. is a privately held subchapter C Corporation registered and 
incorporated in the state of Delaware.· Triangle Laboratories has been in business since 1984 and 
has established an unparalleled reputation for integrity and quality while undertaking the most 
challenging work in its industry. The company experienced rapid growth during the emergence of 
the environmental market. Recognizing the necessity of diversification even while the 
environmental business was in full swing, the company expanded internationally as well as 
moving into new markets. Triangle Laboratories currently serves two major market areas, 
environmental and pharmaceutical. 

Facilities and Instrumentation 

Triangle Laboratories, Inc. currently occupies more than 50,000 square feet. The facility is divided 
according to work function, including separate areas for sample receipt; sample, standard, and 
glassware preparation; sample and data storage; instrumentation; report generation, quality 
assurance; shipping; maintenance: and business/management offices. 

Analytical instrumentation at Triangle Labs includes: high resolution gas chromatograph/high 
resolution mass spectrometers (HRGCIHRMS); high resolution gas chromatograpMow resolution 
mass spectrometers (HRGCILRMS); high pressure liquid chromatograph/mass 
spectrometer/mass spectrometers (HPLCIMSIMS); high pressure liquid chromatograph (HPLC) 
with ultraviolet detector (UV); gas chromatographs (GC) with electron capture detectors (ECD) 
and flame ionization detectors{FID}; AOXffOX adsorption module and microcoulometric titration 
systems; ion chromatographs (IC}; inductively coupled plasma atomic emission 
spectrophotometers (ICP) and atomic absorption spectrophotometers (AA). · 
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Well maintained equipment is essential in assuring the timely defiVery of complete, high quality • 
analytical data to cfients. This is facilitated through a program of regular maintenance for all 
equipment. equipment redundancy, an ample stock of spare parts, and an inventory of speciafiZed 
test equipment to support rapid repair when unscheduled maintenance is required. Service 
technicians are available through contracts with local providers for most of the instruments. 
Procedures and schedules for preventive maintenance are available in several SOP's. All· 
instrument maintenance, both preventative and corrective, is recorded in the dedicated 
maintenance logbook assigned to each instrument. 

Environmental and Security Systems 

Triangle Labs provides a secure environment for our employees, guests, clients, samples and 
analytical data. 

Access Standard procedures require th~t all exterior doors remain locked via keylock or 
combination lock unless manned. Visitors are required to sign the Visitor Log and 
must be accompanied by an employee of Triangle Labs. 

The defined high security areas include all laboratories, data archives, computer 
system, data reduction offices, and quality assurance offices. Entry into these 
areas of the building are controlled by combination locks on the internal and 
external entry doors. Visitors must be accompanied by an employee of Triangle 
Labs at all times inside the high security area. 

Several rules apply to 'protecting the combination lock codes. The combinations • 

Security 

Archives 

Chemical 
Storage 
and 
Disposal 

Revision Date 
Aprif15, 1999 

are changed periodically. New combinations are supplied to the active employees 
only by the employee's supervisor or the facility manager. When accompanied by 
visitors, employees obscure the punch lock combination from view. 

All doors are locked after hours and require a key for entry. 

Umited access archive facilities are maintained that house all Triangle Labs copies 
of analytical reports, raw data, inactive logbooks, magnetic tapes and other data 
which facilitate traceability of analytical results. Materials housed in the archives 
are packaged to reduce potential damage from fire and water. 

All chemicals are stored in appropriate cabinets and are properly disposed of when 
necessary. All flammable solvents are kept in OSHA and NFPA approved 
cabinets. Acids are stored in OSHA approved acid cabinets. An authorized waste 
carrier is contracted to pick up lab waste monthly and dispose of it, usuaffy by 
incineration, meeting all regulatory requirements. Post-analysis disposition of 
samples is dependent upon client requests. Remaining sample material may be 
returned to the client, safely discarded, or archived for a specific period of time • 
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Environ
mental 
Control 

The working and storage environments are maintained in a safe and appropriate 
manner. Heating, ventilation and air-conditioning systems satisfy the needs of 
personnel, equipment and supplies. Ugtiting, noise and other environmental 
factors are also considered and kept at appropriate levels. Safety measures which 
protect personnel and property from injury or illness include the following: fume 
hoods, fire extinguishers and blankets, alann systems, safety training, protective 
clothing, emergency showers, eyewashes and spm control kits. Triangle 
Laboratories has contracts which provide an occupational heaHh program. 

Accreditations, Certifications, Licenses and Registrations 

Triangle Laboratories, Inc. has received approval from several state and national agencies. The 
American Association for Laboratory Accreditation has conferred accreditation upon Triangle Labs 
for technical competence in environmental testing. The laboratory has been validated by the 
United States Army Corps of Engineers, and while not currently under contract, Triangle Labs has 
performed organic analyses under the United States Environmental Protection Agency (US EPA) 
Contract Laboratory Program. Triangle Labs is registered under current Food and Drug 
Administration (FDA) regulations to engage in the testing of drugs; has received registration under 
the provisions of the Clinical Laboratory Improvement Amendments of 1988 (CLIA) to perform 
high complexity testing (dioxin and PCB's) of human samples; has been licensed, and has been 
provisionally certified by several US EPA regions to analyze drinking water samples for dioxin . 
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Section 6 

ORGANIZATION AND"PERSONNEL 

At Triangle Labs, the management structure is shown in the Organizational 
Chart in Appendix 1A. Responsibilities and authority of key personnel are 
summarized later in this section. Brief resumes of key Triangle Labs-personnel 
may be found in the company's Statement of Qualifications. 

Verification activities include inspection and monitoring of process and product 
quality and auditing of the quality system, processes and products. Provision is 
made for personnel to be trained and have responsibility for these activities. 

Production personnel. under the direct supervision of team leaders, are 
responsible for the inspection and monitoring of in-process and final products. 
Audits of the laboratory systems and products are performed by personnel 
independent of those performing the laboratory work. Quality system audits are 
carried out by Quality Assurance Department personnel, while data audits 
(audits of the final product) are carried out by employees in both Production and 
Quality Assurance . 

Effective ve~fication activities are achieved by the provision of adequate 
resources to personnel. These resources include adequate training, time for 
verification activities, knowledge about requirements, documented procedures, 
access to quality records, and adequate supplies and equipment necessary to 
perform verification. 

The Quality As~urance Officer reports directly to the President, functions 
independently of production, and has the authority to implement and maintain 
the quality system. The management of Triangle Labs presents a strong 
commitment towards the important role of quality assurance in its organization. 
The Quality Assurance Officer and ot~er members of the Quality Assurance 
Department interact frequently with personnel at all levels throughout the 
organization. 

A formal management review of the quality system occurs annually. The 
purpose of this review is to ensure that the quality system remains effective, 
meets the quality objectives and policies stated in Section 4 of this manual, and 
satisfies the requirements of state, national, and international certifications held 
by Triangle Labs. Records of management reviews shall be maintained in the 
Quality Assurance Department. 
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While not all-inclusive of assigned dUties, the following are brief descriptions of 
the chief technical personnel at Triangle Labs. 

President/Chief Executive Officer: management of administrative, business, 
quality assurance, personnel and production activities; direct supervision of the 

Production Manager, the Quality Assurance Officer; and the Technical Director, 
minimum qualifications~ education: Ph.D. Chemistry, experience: 10 years 
analytical chemistry. 

Quality Assurance Officer: coordination and management of the Quality 
Assurance Department; reports directly to the President; responsible for 
overseeing all quality aspects of the laboratory; specific elements to be 
maintained are: the Standard Operating Procedures, Quality Assurance 
Manual: coordination of internal and external audits, performance samples and 
laboratory certification data; minimum qualifications - education: B.S. Chemistry 
or equivalent; experience: 5 years in scientific field. 

Technical Director: consultation and guidance on specific technical and 
scientific questions and issues; performs audits of the technical apects of 
program operations; reports directly to the President; minimum qualifications -
education: Ph.D. Chemistry, experience: 5 years analytical chemistry. 

Production Manager: The production manager is responsible for developing 
production plans to meet commitments made to clients, identifying and 
resolving issues which impede success, and promptly reporting to the president 
any issues which cannot be resolved with available resources. 

Team Leaders: management of a defined production area, instrumentation, 
reporting and/or sample preparation; minimum qualifications -education: B.S. 
Physical Science, experience: 2 years general analytical chemistry .. 

The Personnel Department of Triangle Labs uses severai methods of 
re.cruitment. Current employees are offered the earliest opportunity to apply for 
openings within the facility by posting available positions on the bulletin boards 
before outside sources are considered for candidates. Then, announcements 
are made in local newspapers, placement agencies (temporary and 
permanent), colleges and the Employment Security Commission offices. The 
recruitment process consists of collecting applications and resumes, distributing 
them to the appropriate supervisors, scheduling interviews as requested by 
supervisors and having candidates meet with relevant staff, a representative 
from the Personnel Department and senior Management. The references of 
promising candidates are investigated prior to making job offers. 
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Training is provided for new employees and as continuing education for veteran 
employees, both at the Triangle Labs facility and off-site. 

On-Site Training: Training goes on at different levels throughout the facilities. 
Numerous manuals, texts, videos, SOP's, journals, analytical protocols and 
in-house instructors are available to trainees. On-the-job training related directly 
to the position is done by team leaders or other qualified staff. Typically, a 
trainee goes through a stepwise method to learn procedures pertaining to such 
areas as analytical methodology, report generation or quality assurance 
activities: the trainee is given an SOP to read, the trainee observes the trainer 
performing the procedure, the trainee assists the trainer in performing the 
procedure several times, the trainee performs the procedure without assistance 
but with the trainer's frequent inspection of his work, and finally, the individual 
may perform the procedure without supervision. The Quality Assurance Manual 
is available to all employees whose activities have a direct impact on product 
quality. Cross training, supervisory training and other related training takes 
place on a scheduled basis and is documented for training files. 

Off-Site Training: This type of training takes place on an as-needed basis. 
Recommendations and suggestions about promising educational programs 
come from all levels of staff. Completed studies are documented and updated 
regularly in the training files. Courses may be taken at local colleges and 
universities. Workshops and seminars are often made available by instrument 
manufacturers, software companies and national associations specializing in 
analytical chemistry or laboratory quality assurance. 

Resumes, education and experience records, job descriptions and training 
records are maintained by the personnel department: Resumes are put in a 
uniform format upon hire. These resumes are updated on an annual basis or as 
needed. Additional education and experience is updated with the resumes. 
There is a job description for each position existing within the company. Active 
training records are kept on file in the work areas. Employees are responsible 
for maintaining their own training records. These training files contain records 
for any pertinent on- or off-site educational experiences. orientation records, 
SOP competence records or self help courses. 

All personnel undertake a one day orientation upon initial employment and on
the-job intensive training concerning health and safety issues. Triangle Labs 
complies with the OSHA requirement that safety and health training takes place 
on an annual basis. with a careful introduction to new principles. We have 
contracted with Concentra to provide us with recommendations for the 
improvement of the safety and health practices at Triangle Labs. Triangle Labs' 
policy with respect to health and safety issues is presented in detail in several 
documents, which are provided to employees . 
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Section 7 .. 
ANALYTICAL SERVICES 

Triangle Labs has assembled an international' staff of unparalleled expertise in· analytical sciences 
with particular specialization in mass spectrometry and the analysis of complex biological 
matrices. The skills of the staff are routinely applied to environmental samples, including of air, · 
water, solid and tissue matrices, and to biological samples associated with studies supporting the 
research efforts of the pharmaceutical industry. 

~· 
:<t:·· -

Pharmaceutical Triangle Labs serves the research pharmaceutical industry by providing 
Services analytical results for drugs of interest in a variety of biomatrices. This work is 

typically associated with pharmacokinetic Phase I through Phase IV studies for 
reporting to the Food and Drug Administration (FDA}. 

Environmental 
Services 
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GC/MS and LC/MS/MS methods are typically employed for these analyses. 
High resolution mass spectrometers and alternate ionization methods are 
frequently utilized to achieve low detection limits. The staff is also experienced 
in assays, both GC and LC based, for chiral compounds . 

Triang{~ Labs provides environmental analytical services which include the 
preparition and analysis of a wide variety of sample matrices for such analytical 
categories as: 

Volatile and Semivolatile Organic Compounds, including Polychlorinated . 
Biphenyls, by ~igh Resolution Gas Chromatography/Low Resolution Mass 
Spectrometry 

Pesticides and Herbicides by High Resolution Gas Chromatography 

Polychlorinated Dibenzo-p-Dioxins, Polychloro-dibenzofurans, Polychlorinated 
Biphenyls, and Polynuclear Aromatic Hydrocarbons by High Resolution Gas 
Chromatography/ High Resolution Mass Spectrometry 

PolychiOrinated Dibenzo-p-Dioxins and Polychloro-dibenzofurans by High 
Resolution Gas Chromatography/Low Resolution Mass Spectrometry 

Adsorbable Organic Halides and Total Organic Halides by Adsorption and 
Microcoulometric Titration 

lnorganics by Jon Chromatography, Atomic Absorp.tion Spectrophotometry, and 
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Inductively Coupled Plasma-Atomic Emission Spectrophotometry 

Triangle Labs is experienced in the analysis of many matrices, including air, 
aqueous, plant and animal tissues, soils, and other salids. Air matrices currently 
analyzed include Modified Method 5 {MMS) samples and Volatile Organic 
Sampling Trains (VOST). Several auxiliary services are also offered, such as 
the provision and preparation of sampling containers (e.g., XAD traps, VOST 
tubes, and bottles). 

Analytical Methodology and Target Compounds 

Triangle Labs utilizes a variety of published and in-tioyse analyticai methods. In 
some cases minor modifications of methodology may~be employed. Such 
modifications are validated prior to implementation in the laboratory. Target 
Compound Lists (TCL's) are .chosen from the analytical methods. Published 
methodology utilized for each category of analytical services is listed below: 

Volatile Organic Compounds 0/0A) - Method 8260B 

Semivolatile Organic Compounds (SVOA) -Method 8270C 

Pesticides - Methods 8081 

• 

Polychlorinated Biphenyls (PCB's)- Modified Method 6~0 and 8081 

Polychlorinated Dibenzo-~~Dioxjns (PCDD's) and Polt~lorodibenzofurans • 
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(PCDPs)- Methods 8290, 23, 0023A, 1613, 8280, 613 and NCASI 551 

Adsorbable Organic Halides (AOX)!Total Organic Halides (TOX) - Methods DIN 
38409, DIN 38414, EPA 9020, EPA 1650, PTS-RH: 012190, SCAN-W 9:89, 
ISO/DIS 9562. and APHA 53208 

lnorganics -len Chromatography by Methods 70, 26, 26A, 218.6, 300.0, and 
9057; Trace Metals analyses by Methods 200.7, 6010,7020,7040, 7041, 
7060,7080,7091,7131,7140,7200,7210,7380,7420,7421,7450,7460, 
7470,7471,7481,7520,7610,7740,7760,7770,7840, 7841,and7870 r. ;. 
Triangle Labs has developed in-house methods for thtJmalyses for Polynuclear 
Aromatic Hydrocarbons {PAH's) by CARS Method 429 and Polychlorinated 
Biphenyls (PCB's by High Resolution Gas Chromatography/High Resolution 
Mass Spectrometry, using Triangle Labs Method TLI035. These methods are 
proprietary and utilize state-of-the-art technologies. 

Additional information about analytical services and methodology can be found 
elsewhere in this manual. SeleCted analytical methods are summarized in 
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Appendices 2 and 3 of this manual. 

Contract Review 

For all analytical services to be provided by Triangle Labs, contract review is accomplished 
through the generation of a written quote or contract Written quotes are utilized for short-term 
contracts, usually consisting of one analytical project. Written contracts are utilized for long-term 
contracts consisting of multiple analytical project~. Sales and Client Services personnel are 
responsible for implementing and documenting contract review. Client requirements, including 
special needs that are not normally provided by Triangle Labs, are defined and documented in the 
written quote or contract. Project scientists, who each have expertise in specific analytical 
services, are consulted to ensure special requirements can be met by the laboratory. If it is 
decided that the special requirements cannot b~ met, this is discussed with the client, and a 
counterproposal may be offered. Information about the capacity of the lab is made available to 
Sales and Client Services personnel on a regular basis. This practice allows the sales staff to 
make informed decisions regarding contracted delivery times. 

Subcontracted Analyses 

In dealing with any analyses that Triangle Labs cannot perform, there are established procedures 
for subcontracting. Depending on the nature of the client's requests for analyses. two courses of 
action may be followed. The client may be referred directly to another laboratory, or work may be 
subcontracted by Triangle Labs to another laboratory. The latter usually takes place at client 
request. When the subcontracted analysis is one that Triangle Labs has been certified to perform, 
the subcontract lab must have a quality assurance system in place that is consistent with 
Triangle's system. Incoming samples which will be subcontracted are subjected to normal sample 
receipt procedures by the sample custodian. The samples are prepared and shipped to the 
subcontract laboratory. Results are received at Triangle Labs, a copy is sent to the client, and the 
original is archived. Triangle Labs invoices the client for the subcontracted work . 
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LABORATORY MATERIALS-PURCHASING AND HANDLING 

Purchasing, ~eceivlng, Inspection, Inventory and Storage of Laboratory Materials 

Practices utilized for the purchase, receipt, inspection, inventory, and storage of laboratory 
materials are described in several SOP's. A completed purchase requisition fonn provides a clear 
description of the product ordered. This includes, where applicable, a precise identification and 
reference to any specifications that must be met. Purchases are pre-approved by department 
heads. The purchasing department orders the material, from an approved supplier whenever 
possible. Upon receipt of the goods. receiving personnel examine them for damage before signing 
the bill of lading. Within two days, items and quantities in all shipments are compared with what 
was ordered and this infonnation is communicated to purchasing and accounts payable. All 
stocked items are stored in the warehouse and a monthly inventory is perfonned. Non-stocked 
inventory is forwarded to the requisitioning person. Reagent materials are assigned expiration 
dates and placed on shelves so that the older materials will be used first. 

Sample Container Cleaning, Storage, Preparation and Shipping 

While Triangle Labs does not perfonn sampling, sampling kits may be provided upon client 
request. The vials, jars, and bottles contained in the kits are purchased and must be QC class, 
precleaned, with a certificate of analysis. The certificates of analysis are maintained by Triangle 
Labs. Since kits are assembled only upon clients' requests, no "ready for shipping" kits are stored. 
Precleaned glassware is stored in small quantities in house. Sampling materials, such as XAD 
traps. PUFs and VOST tubes. are also provided to or owned by the client. These are prepared, 
stored and handled as detailed in several SOP's. 

Prior to shipping, glass containers are wrapped in sheets of bubble wrap to prevent breakage. The 
containers are placed in plastic coolers with non-frozen ice packs and Chain-of-Custody forms, 
seals and labels enclosed in a ziplock bag. The kit is filled with additional packing material .and 
sealed with tape for shipping. · 

Glassware Cleaning 

All glassware used for the preparation of samples is cleaned as described in written standard 
operating procedures. These procedures include pre-rinses and soapy water washes. The pre
rinse may be solvent, water or acid solution depending on the analysis for which the glassware will 
be used. Basins and brushes are kept segregated so that cross contamination is minimized. 
Glassware used for high concentration analyses is kept segregated from glassware used for low 
concentration analyses, as is the glassware used for volatile, extractable organic compound an~ 
metals analyses. Glassware used for the analysis of extractable organic compounds, including 
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dioxins and furans, is subjected to a solvent soak and rinses With Several solvents. All clean ':- • 
glassware is cover:d w~ alum~n~m f?il and transferreci ~o a proper storage location, taking ~re 
that the glassware 1s not 1ntenmxed with other types of glassware. In the Inorganic area, · 
glassware is cleaned by a washing procedure that exceeds EPA guidefines. This glaSSWare is 

. washed with detergent, followed by acid soaks and multiple rinses with deionized water. The clean 
glassware is air-dried and stored in plastic bags. 

Vendor Qualification 

Vendors subject to qualification are those who provide critical laboratory supplies, chemicals, and 
calibration services which directly impact on the quality of our product. Placement on the 
approved vendor list is based on the vendor's ability to meet one or more!qualification factors 
which cover the purchased product. These factors include but are not linilted to: . . . .. . . 

1. the vendor's quality system or product meets an applicable state, national, or 
international standard, based on third party certification 

2. an acceptable quality assurance plan/survey, or on-site audit; 

3. the vendor provides quality inspection documentation with each shipment or batch lot 
of product: 

4. 

5. 

the vendor passes comprehensive inspections of three cans.e;.cutive product 
shipments: ·. -~ · · 

;;:· 

a demonstrated history of acceptable product supply. 
~J. 

A vendor may be provisionally approved until qualification factar(s) are met, but in-house 
inspection of each batch lot of material is required. Previously approved vendors may be 
disqualified due to unacceptable performance. 

Client Verification 

When required by contract, the client or a representative may verify that purchased products 
conform to contract specifications. This verification may take place at the vendor's premises or at 
Triangle Labs. Client verification shall not be used as evidence of effectivl! control of quality by the 
vendor and shall nat absolve Triangle Labs of responsibility to provide atcceptable product. 
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Section 9 

ANALYTICAL STANDARDS 

During the analytical process, it is possible to obtain a variety of measurements. These include 
such measurements as volume, weight, concentration, pH, and temperature, to name just a few. 
The laboratory must implement practices that facilitate the traceability of these measurements to 
recognized standards of measurement. 

Chemical Standards 

.The procurement. preparation, handling and stcrage of chemical standards is critical to the 
analytical process. It is through these chemical standards that reported analyte measurements ·in 
samples are traceable to reference values. Only the highest quality chemicals are used as 
reference materials at Triangle Labs. Whenever possible. standard solutions will be traceable to 
national standards, such as NIST, EPA or A2LA certified reference materials. Numerous written 
procedures describe the management of these analytical standards. These procedures are written 
to ensure consistency with the requirements of analytical methods and current certifications and 
accreditations . 

Sources of 
Standards, 
Traceability 
and 
Verification 

Types of 
Standards 
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Triangle Laboratories purchases standards from approved suppliers of chemical 
standards. Occasionally, clients supply standards specifically for use in the 
preparation and analysis of their samples. Prior to using these standards, an 
agreement must be reached with the client about the handling and disposition of 
their standards. Information about these standards and any client requirements 
are recorded in the pertinent standards logbook. The chemist receiving a 
chemical standard shipment verifies that the information on the standard label is 
consistent with that on the supplier paperwork. Information about the standard is 
recorded in a standards logbook. Traceability of standard solutions is facilitated by 
the use of codes that unambiguously identify the supplier, materials and all 
derived preparations. Non-certified standard materials are verified against 
certified reference standards, when the latter are available. 

Analytical methodologies define a variety of standard solutions which are used by 
the laboratory. Included among them are: surrogate spikes, matrix spikes, internal 
standards, QC check standards, recovery standards, and calibration solutions. 
The composition and concentration of these solutions must conform to method 
specifications. 

Standards are categorized at Triangle Labs according to the following definitions: 
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Primary Standard 

Stock Standard 

Secondary Standard 

Working Standard 

::.:.t ... ~ .. !-• ·': ; 

A neat standard received from a suppUer. 

A solution of a primary standard at a high 
concentration, used to prepare secondary 
standards. These may be prepared in-house or 
received from a supplier. · 

·A solution of one or more stock standards, with 
each analyte prepared at a selected concentration, 
to be used as a beginning mixture for preparation of 
calibration or spike solutions. These may be 
prepared in-house or received from a supplier. 

A solution that will be used without dilution for 
instrument calibration or sample fortification. These 
may be prepared in-house from secondary 

·standards, or purchased from a supplier, 

The preparation of any standard solution is performed by an experienced 
chemist, and is documented in the appropriate standards logbook. New standard 
solutions are prepared as needed. The manner of preparation for a standard 
solution depends upon the required amount and concentration and its intended 
application. Several SOPs are utilized to assure the correct preparation and 
documentation of standard solutions. 

All.standards are assigned an expiration date. The supplier's assigned expiration 
date, if provided, is used for neat or primary standards. Otherwise, the expiration 
date is assigned based upon the supplier's date of preparation and the known 
stability of the analyte. (Some analytes are known to be highly volatile or to easily 
degrade or react.) When applicable, assigned expiration dates meet the 
requirements of analytical methods. A standard mixture is assigned an expiration 
date no later than that of the oldest components. The expiration date is only a 
guideline. Standards are removed from production prior to the assigned expiration 
date if deterioration is observed visually or analytically or if the integrity of the 
material can no longer be assured. 

Analyte or standard components common to calibration solutions and associated 
sample fortification solutions may be of the same primary source or an 
independent source. Some methodologies require that primary standards of the 
same supplier batch or lot number be used for both. Certain spiked QC samples 
must be prepared from reference material that is independent of the associated 
calibration standards. New standards are prepared as necessary to meet these 

Section 9 
ANALYTICAL STANDARDS 

Page 
2of4 

• 

• 

• 



-... 

• 

••• 

• 

Triangle Laboratories, Inc. 
::c; 't~"1l 

Quality Assurance Manual 

Inventory and 
Storage 

... · '. . .. .... ,_:,..··- ··~ __ .,..~ ........ ;-

requirements. 

Documentation for all standards is carefully recorded in relevant standards 
logbooks· and/or computer inventory system. The manner of storage for a 
standard is determined by its type and expiration date or shelf iife. All light 
sensitive standards are stored in amber via~s or bottles. ·Environmental organic 
standards are kept in designated refrigerators/freezers. Pharmaceutical standards 
are stored according to the ccinditions specified in the associated protocol, 
validation report or stability report. Analytical standards are never stored together 
with samples or extracts. 

Measurement Equipment 

All equipment used for measurement and testing shall meet the specific requirements of pertinent 
analytical methods and applicable certification agencies. This includes small equipment, such as 
thermometers, analytical balances, pH meters, autopipetors, and volumetric glassware; as well as 
large equipment, such as gas chromatographs and mass spectrometers. 

Written procedures for the operation of measurement equipment, large or small, shall contain the 
information described below, where applicable. In addition, Section 11 on "Instrumental Analysis" 
of this manual contains more specific information about the calibration and operation of large 
measurement equipment. 

• What equipment the procedure is to be performed on, including equipment type 

• How the equipment is to be calibrated and used for measurement 

• What measurements are to be made 

• Acceptance criteria for the calibrations, including the accuracy and precision 
required 

• Corrective action for failed acceptance criteria, including assessment of previous 
calibration results 

• Basis used for calibration (e.g., national standards of measurement, such as NIST, 
ASTM, and /\2.LA; participation in EPA and state performance evaluations: round
robin studies with other laboratories) 

• Frequency at which the equipment will be calibrated, adjusted and checked 

· Revision Date 
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What records wm be maintained to document~ ~~on and use of 
measurement equipment · · · · ·· 

How the ~fibration-status for equipment.is· determined (e.g., a sticker or logbook 
. entry) . . . . . . 

-· . '-•·• 

What environmental conditions are necessary before measurement equipment 
may be calibrated or used for measurement · 

VVhat adjustments to measurement equipment. including software, cannot be 
made due to possible invalidation of the calibration setting 

How measurement equipment is to be handled, preservEif, and stored in order to 
maintain accuracy and fitness for use · f 

• 

i 

I 
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Section 10 

SAMPLE RECEIPT, HANDLING AND PREPARATION 

Sample Receipt and Chain-of-Custody 

The Sample Custodian or a designated assistant receives derweries of all samples. A unique 
project number is assigned to each shipment of samples received from a client, and the first in
house records for the new project, including an internal Chain-of-Custody, are initiated. When 
samples are hand delivered by a customer, the individual's name is recorded on the internal 
Chain-of-Custody. The shipping containers, their contents, and accompanying client 
documentation are examined by the Sample Custodian. Information about the presence and 
condition of custody seals and the state of preservation of the samples is noted on the internal 
Chain-of-Custody. Any discrepancies in documentation or problems with sample condition are 
also. noted and brought to the attention of the client, who may provide clarification or further 
instructions. The Sample Custodian assigns an internal sample ID to each sample, which is 
labeled on the sample container. The following information pertinent to each sample is recorded 
on the internal Chain-of-Custody: internal sample I D. client sample 10, sample matrix and storage 
location. The original internal Chain-of-Custody is placed in storage with the samples. The sample 
receipt and handling SOP's describe procedures for sample receipt and log-in, chain-of custody, 
along with those for handling sample shipment containers provided by clients. 

• Sample Preservation and Security 

• 

Samples are stored in a manner which ensures their integrity and security. Samples are stored at 
temperatures which meet specifications of the methodology and client. Depending on the nature 
of the sample and the requirements of the method, samples may be stored in a freezer at -70° ± 
20° Cor at -20° ± 10° C, in a refrigerator or cooler at 4" :t 2° C, or in a cabinet at room 
temperature. Required preservation techniques may be found in Appendix 4 for most methods 
employed at Triangle Labs. Quality Assurance Project Plans (QAPP's) and protocols often give 
specific preservation requirements that must be observed. Addition of chemical preservative to 
sample containers normally takes place at the time of sample collection. Sample storage facilities 
at Triangle Labs are located within laboratory areas which are secured by locked doors. Internal 
chain-of-custody procedures and documentation pertaining to sample possession, removal from 
storage and transfer are outlined in written procedures. Care is taken to ensure that cross
contamination does not occur during sample storage. Temperatures of cold storage areas are 
monitored and recorded at least twice a day, and corrective action is taken as necessary. Walk-in 
coolers housing environmental samples and freezers used for pharmaceutical samples and 
standards are monitored electronically 24 hours a day. Further details about sample storage and 
preservation may· be found in the sample receipt and ha-ndling SOP's . 
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Sample Preparation Procedures 

-

Samples are prepared in a way that is method and matrix specific. Most environmental samples 
must be prepared within a method-specified time after sampling. These preparation holding times 
are complied with to the extent possible. Samples· are occasionally received near or beyond the 
expiration of these holding times. For most methods employed at Triangle Labs, holding times 
may be found in Appendix 5. Applicable Quality Assurance Project Plans (QAPP's) and protocols 
must be consulted for project-specific holding time requirements. Many primary extracts require 
clean-up procedures before they may be injected into a GC or GCIMS analytical system. All 
sample preparation procedures employed at Triangle Labs are covered by appropriate SOP's. 

I . 

Sample, Extract, and Digestate Archival and Disposal 

The Sample Custodian and other authorized personnel are responsible for the archiving and 
disposal of raw samples, extracts, and digestates. Raw and prepared samples may not to be 
archived or disposed of until all of the designated analyses are complete and resultant analytical 
data are sent to clients. Samples in cold storage are retained ·there until at least 30 days after 
receipt. Archive samples are placed in boxes, labeled with the project numbers, and retained in a ·1 
secured sample archive area for a specific length of time, prior to disposal. Written procedures 
describe routine archival and disposal practices. Clients are informed about these procedures and 
are given an opportunity to request exceptions to these routine practices. There is a storage fee 
for the retention of samples in cold storage or archive longer than the time established by routine 

·· practices. The client will be contacted prior to the issuance of this fee. 1-· 
Sample Return to the Client 

·When a client has requested the return of samples, the Sample Custodian prepares and ships the 
samples according to written procedures. Protection of the samples during delivery is ensured by 
the implementation of special packaging procedures. Packages are delivered by a commercial 
carrier whose procedures for protecting the samples are not within the control of Triangle Labs. 
Clients are informed that a commercial carrier will deliver their samples. 

Sample Loss, Damage, or Unsuitability 

It is possible for samples or sample containers to be lost, damaged or determined to be 
unsuitable, for whatever reason, after initial receipt at Triangle Labs. Whenever this happens, the 
event is recorded in the sample handling documentation by the observer. The problem is brought 
to the attention of a Project Scientist, who reports it to the client. Plans for disposition of the 
affected sample(s) or containers are agreed upon with the client, carried out, and recorded in the 
project records. · 
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INSTRUMENTATION AND EQUIPMENT .. 

Instrumental analysis consists of setting up proper instrument operating conditions, executing . 
acceptable calibrations and ether instrument performance tests, analyzing prepared samples, and 
collecting data from the analyses. lnstrumenti:!l analysis procedures, frequencies and acceptance 
criteria are described in several SOP's. A description of data collection and reduction at Triangle 
Labs is given in Section 12. 

Instrument Operating Conditions 

The published analytical methods normally define the instrument operating conditions (e.g., 
tem-perature programs, column conditions, flow rates). Where applicable, these guideline will be 
followed. However, they may be modified, for improved performance. · 

Calibration Procedures and Frequencies 

Equipment used for inspection, measuring and testing must meet all specific requirements for 
proper measurement capability as identified in the pertinent analytical method and applicable 
certification agency. This includes small equipment and instruments as well as large analytical 
instruments such as gas chromatographs and mass spectrometers. Calibration procedures and 
frequencies specific to types of equipment are briefly described below. 

The instrumental performance requirements of the published methods will be followed unless 
otherwise specified for a project. Other performance tests may also be executed to further 
demonstrate proper functioning of instrumentation. 

Small equipment 

Thermometers Laboratory thermometers are routinely checked for accuracy against certified, 
NIST-traceable thermometers. These calibrations are performed annually for 
mercury or alcohol in glass thermometers, and quarterly for metal thermometers. 
Infrared thermometer calibrations are verified daily. Correction factors derived 
from the annual and quarterly calibrations are applied to temperature readings 
where applicable. NIST-traceable thermometers are professionally calibrated 
and re-certified annually. 

Balances Calibration checks are performed for each day of use for each balance. The 
calibration consists of a minimum of two weights which encompass the weight 
the balance will be used to measure. Calibration weight measurements must 
meet the acceptance criteria listed in the associated balance calibration log 
book. Each balance is serviced and calibrated by a certified professional, 
semiannually. The accuracy of the calibration weights are verified annually . 
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Volumetric 
Glassware 

Automatic 
Pipettes· 

pH Meters 

Conductivity 
Meters 

All volumetric glassware used at Triangle Laboratories, Inc. must be type •ctass 
A •. Volumetric glassware is never heated or placed in an oven. 

Delivery volumes for the automatic pipettes are checked gravimetrically monthly. 
Each pipette is checked throughout the volume range of use. Acceptance 
criteria for continued use is 2% RSO and 97.5-102.4% accuracy. Pipettes which ~
fail to meet these criteria are. tagged and removed from service until repaired. 

pH meters are calibrated prior to use each day. The meter is calibrated using a 
single buffer solution at mid-range and the pH of two other solutions (at low and 
high range) is measured and recorded to verify the accuracy over the range of 
the meter. 

A five point calibration curve using potassium chloride (KCI) solutions is analyzed 
annually. A single KCI standard solution is used as a check standard each day 
the meter is used. Acceptance criteria· is ±20% of the true value. 

Gas Chromatography/Mass Spectrometry (GCIMS) and Uquid Chromatography/Mass 
Spectrometry (LCIMSIMS) 

• 

·runingand 
Mass 

. Calibration 

For high resolution, selected ion monitoring analyses. the high resolution mass 
spectrometer is tuned to give the required static resolving power, which is 
checked visually, using an oscilloscope. This measurement is confirmed by the I. • 
use of a data system. The instrument is then mass calibrated using 

Initial 
Calibration 

Revision Date 
April15,1999 

perfluorokerosene (PFK} or perfluorotributylamine (PFTBA}. Mass calibration is 
adjusted automatically by the data system, to within ± 5 parts-per-million (ppm}, 
approximately once per second during the course of all quantitative analyses. 

The mass calibration of a quadrupole mass spectrometer is checked daily 
through the use of the perfluorotributylamine reference compound 
(FC-43/PFTBA). The instrument is adjusted to give specified peak ratios for this 
compound, consistent with the type of analysis to be performed. The GCIMS is 
tuned prior to performing the initial and continuing calibrations. Results must 
meet the peak ratio specifications of the analytical methods. For volatiles 
analyses, 50 ng of bromofluorobenzene {BFB) is used, and for semivolatiles 
analyses, 50 ng of decafluorotriphenylphosphine (DFTPP) is used. 

For environmental samples, the mass spectrometer response is typically 
calibrated by analyzing a set of five or more initial calibration solutions, as 
appropriate for each GCIMS method. Typically each solution is analyzed once, 
unless the method requires multiple analyses. The relative response factor for 
each analyte (target compounds, surrogate I internal/ alternate standards} is 
calculated using the expression in Formula 11-1. The mean relative response 
factor for each analyte is then obtained using the expression in Formula 11-2. 
Integrated ion currents are utilized for these expressions. An acceptable 

Section 11 
INSTRUMENTATION AND EQUIPMENT 

Page 
2of6 

• 



• 

• 

Triangle Laboratories. Inc. 
.· ~ .. ··· . -'-~~~~~r 

Quality Assurance Manual . · 
··-~-.":~-· •. ..... ..: l<lkl-..~~~~-:~..::l . 

Continuing 
Calibration 

Formula 11-1 
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calibration must meet the method specified criteria for percent relative standard 
deviations (% RSO) of the mean relative response faders, calculated fer each 
analyte. Failure to meet the criteria Win result in corrective action (e.g:, lOcating' 
the source of the problem and adjusting the in~ment tuning parameters) 
before repeating the rejeded analysis. Triangle Labs does not analyze any 
samples unless the performance criteria for calibrations are satisfied. 

For pharmaceutical sample·s, the calibration curve normally consists of a 
minimum of five standard concentrations analyzed at the beginning and end of 
the analytical sequence, or are dispersed throughout the analytical run 
depending on the client's requirements. All standards are used for the 
regression, with exclusion criteria defined in each method SOP. 

For environmental analyses, the initial calibration is verified through the 
analysis of a continuing calibration standard every 12 hours. The concentration 
of continuing calibration standard is dependent on the requirements of the 
specific.method. Tlie relative response factors for all analytes of interest are 
calculated and verified against the initial calibration mean relative response 
factors. The percent difference (%0) for each analyte is calculated using the 
expression in Figure 11-3. An acceptable continuing calibration run must have 
measured percent differences for the analytes within method specified ranges. 
Should any criteria for an acceptable calibration not be met. either instrument 
maintenance is performed such that .a new continuing calibration analysis 
meets all criteria or a new initial calibration will be established before any 
samples can be analyzed. No samples may be analyzed unless acceptance 
criteria have been met. 

For pharmaceutical analyses. the calibration is verified through the analysis of 
quality control samples which are interspersed throughout the analytical 
sequence. The quality control samples are matrix spikes which contain known 
levels of analyte and are extracted with the samples. 

RRF=A .• X c. 
A •• X c. 

where 
RRF= 
A;s = 
As = 
C;s = 
Cs = 

the relative response factor for the analyte 
integrated area or ion current of the internal standard 
integrated area or ion current of the analyte 
amount of the internal standard 
amount of the analyte 
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where: RRF = the mean value of the relative response factors for the 
analyte · 

n = the total number of data points derived from the initial calibration 
A;.s. As. C;s and Cshave the same meaning as in formula 11-1. 

Formula 11-3 • 

. RRF« - RRF 
o/oD= X 100 

RRF 

where: 

RRF = . mean relative response factor for the analyte in the initial calibration • 
RRF « = relative response factor for the analyte from the continuing 

calibration 

Gas Chromatography/Electron Capture Detector (GCIECD) 

Initial 
Calibration 
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Internal standard calibration is utilized for the analysis of pesticides amd PCBs 
by GC/ECD. The method-specified number of calibration standards are be used. 
Each solution is analyzed once and the analyte relative response factors are 
calculated using the expression in Formula 11-1. The mean relative response 
factor for each analyte is then obtained by using the expression in formula 11-2. 
Integrated areas are utilized for these expressions. For multiple response 
pesticides/PCB's, quantitation consists of an average of the quantitated values 
for five selected peaks, if possible. The percent relative standard deviation {% 
RSD) must be less than ±20% in order to use the mean relative response factor 
for quantitation. If it is greater than ±20%, one more attempt is made to meet 
criteria. If the second attempt is unsuccessful, the analyst takes corrective 
action, such as instrument maintenance, and begins the sequence again. 
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Atomic Absorption Spectrophotometry (AA) 

An initial calibration is performed daily with freshly prepared working ~dards~ A fo!Jr-point . . , 
calibration curve is acquired which must have a correlation coefficient of 0.995 or better. The initial 
calibration is verified every 10 samples or 2 hours, whichever is mC?re frequent The continuing 
calibration is required to be within 10% or 20%, depending on the analytical method utilized. 
Continuing calibration blanks are run at the same frequency. Analysis of samples cannot begin 
until an initial calibration verification has been "performed and is faun~ to· ~e within 10% of the true 
value. 

Inductively Coupled Plasma Emission Spectrophotometry {ICP) 

Initial calibration is performed every 8 hours and continuing calibrations are performed every 10 
samples or 2 hours, whichever is more frequent. Analysis of samples cannot begin until an initial 
calibration verification has been performed anc! is found to be within 10% of the true value. The 
continuing calibration is required to meet the criteria of the analytical method. · 

/on Chromatography {/C) 

The ion chromatograph is typically calibrated by analyzing a set of five or more initial calibration 
solutions, with concentrations of analytes appropriate to the analytical methods. Procedures for 
verifying the calibration curve are method specific. · 

AOXflOX Instrumentation 

Instrumentation for the determination of AOXfrOX consists of a column adsorption module, 
titration cell and combustion/microcoulometric system. Several system performance tests are 
conducted and must meet acceptance criteria prior to sample analysis. The following performance 
tests are typically conducted, with slight variations between the different analytical methods. 
Granular activated carbon utilized in the column adsorption module is tested for purity. The 
titration cell is tested and adjusted based on the results of an injection of sodium chloride solution. 
Calibration of the combustion/microcoulometric system is accomplished through the analysis of 
2,4,6-trichlorophenol. Verification of system performance and calibration is performed during 
sample testing according to specifications in the analytical methods . 
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Sample ~nalysls ~rocedures 

Techniques for quantitative analysis of samples. are specific to the analytical meth~ and_ sample 
matrices_. Samples maY, either be subjected to a series of preparati~n steps prior to instrumental 
analysis, or they may be ready for analysis upon arrival at Triangle labs. Most samples must be 
analyzed within a defined period of time following their collection, receipt at the lab and/or 
preparation. These analysis holding times are compfied with to the extent possible (samples are 
occasionally received near or beyond the expiration date of holding time). Holding times for most 
methods employed at Triangle Labs may be found in Appendix 4. t 
After sample analysis is completed and the data is processed, the an!lyst reviews the resultant 
data. If established acceptance criteria are not met, corrective action is taken to resolve problems. 
Once all the samples in a project have been•analyzed and the data have met the criteria,· the 
project documentation (instructions, raw data, reports, etc.) is sent to the next stage for 
preparation of the final report. 
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Section 12 

DATA HANDLING 
AND SOFTWARE MANAGEMENT 

Data Collection and Reduction 

Quality assurance principles are applied in the acquisition of raw data related to chemical 
measurements. Raw data is "primary data" which will be used to generate •secondary" data (the 
final analytica. I report}. Da~can be acquired manually or electronically. Manually acquired data is 
hand written on data shee . and in logbooks. Electronically acquired data is acquired from an 
instrument and instrumen computer interface. Specific definitions and data requirements are 
detailed in the Raw Data SOP. 

Manually 
Acquired 
Data 

Electronic 
Data 
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Manually acquired data: is recorded on data sheets or in notebooks. The data 
must be recorded immediately by the analyst in permanent ink. Each entry must be . 
signed and dated immediately after entry. Corrections must not obscure any 
original entries. Corrections are made by canceling with one line through the 
original. Each correction must be dated and initialed by the person who made the 
correction and a reason for the correction must be stated. Data sheets are 
standardized, preprinted forms which are subject to document control. Data sheets 
may be botfnd into a book or may be used as loose sheets depending on the • 
applicationlNotebooks are bound, consecutively numbered, and subject to a 
controlled dlstribution and archival system. · 

Electronically produced data may consist of chromatograms, spectra, data 
printouts, and raw quantitation reports. The first accepted hard copy report 
constitutes the raw data for each sample and calibration. Acceptance is signified 
by the dated signature of the analyst. The accepted hard copy report must contain 
the full sample ID or calibration name, file name, as well as date and time of 
acquisition. In the case of inorganic data, all replicate and dilution data is included 
in the documentation. Any changes to the raw data hard copies and computer files 
must be fully documented and clearly attributable to the person making such 
alterations le.g., manual integrations are hard-copied for inclusion in the raw data 
file, with ar9a changes fully documented on the data printouts}. No ambiguity in 
data system printouts as to what peak on a chromatogram corresponds to an 
analyte of interest is allowed. Computer-collected data is reduced to hard copy as 
soon as possible. The signed and dated hard-copies of the data files are retained 
in the project file and are maintained for a minimum of 10 years. The electronic 
files are safeguarded by a system of disk storage and backup disks to protect loss 
of data and programs. · 
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There are several different means of data collection. review and reduction, which are dependent 
upon specific methodology and instrumentation. Data review and reduction of pharmaceutical 
data normally consists of data acquisition via a dedicated computer with further reduction and 
data reporting utilizing validated spreadsheets. Regression and sample calculations are verified 
independently for each pharmaceutical data set. 

Data review and reduction of environmental analyses normally follow the guidelines of relevant 
EPA reference methods to the extent possible. For HRGCIHRMS analyses, established 
procedures consist of data acquisition and reduction on a Digijal Micro Vtv< and Vtv< 3100 and 
further reduction and data reporting using dBase software on a PC. For 'EtRGCILRMS analyses, 
established procedures consist of data acquisition and reduction using P}:-based software or a 
PDP-11/24 system followed by further data reduction and reporting using d8ase software. For 
HRGC analyses, established procedures consist of data acquisition and reduction using PC
based software followed by further data reduction and reporting using dBase software. For 
AOXffOX analyses, manual data acquisition from instrument panel readings is followed by data 
reduction and reporting using spreadsheet software. 

All GC, GC/MS, and inorganic data go through several levels of review and inspection, starting j" 
with an initial examination in the Instrumentation area, followed by a thorough review before 
preparation of the report. After preparation of a report, an independent review is performed by a 

· chemist other than the one who prepared the report. At each stage of tht analytical process, data 
are reviewed for completeness, adherence to protocol requirements, an. credibility. Results are 

. fully validated, possible compromises of data quality are evaluated, and aviations from protocol 
··requirements are documented. To the greatest extent possible, computer programs are utilized for 
data reduction. Where manual data procedures are required, data review is performed according 
to standard operating procedures. This ensures that the results are as independent of the chemist 
performing the duties as possible. Corrective actions are implemented at the earliest possible 
opportunity. 

Data Validation 

The tests performed by Triangle Labs typically involve the performance of complex chemical 
analyses by a number of chemists. For this reason data validation and irdination are very 
important. At the conclusion of the analyses, data are checked against · original shipping 
information and analytical request to be sure that the required analyses ve been performed on 
all samples. 

The validity of the data are verified through the analysis of blank samples, duplicate samples and 
laboratory control or matrix spikes. The blank sample results demonstrate the absence of 
laboratory contamination of the samples. Duplicate analyses give a measure of analytical 
precision. The analysis of spike samples permits a measure of accuracy. Data for these QC 
samples are reviewed as soon as possible after analysis. For example, in the inorganic area, a 
data quality checklist is used by the instrument operator at the time of analysis, to verify that all 
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calibration verifications are within tolerance, and that other QC indicators such as spike recoveries 
and blanks, are acceptable for a project. · · - · 

Data Reporting 

The data are reported as components identified and the quantities present. The final report 
includes example calculations and description.s of the equipment and procedures utiriZed. 
Complete data packages of all raw sample and calibration data are prepared and archived. These 
are furnished to the client upon request. Sample flagging procedures for HRGCIHRMS analyses 
are summarized in the final report .. While sample flagging is not done directly on most 
HRGC/LRMS analytical reports, problematic results are discussed in the case narrative which 
accompanies each data package. Several standard report formats are used in the inorganic area, 
tailored to the data structure for the specific project type (e.g., TCLP, Multi-Metals Train or CLP). 

Data Package Delivery 

Data packages are prepared for delivery by the Shipping and Archive department according to 
their SOP's. Unless otherwise requested by the client, a copy of the data package is shipped,. 
while the original is retained in a secured archive facility. Reports are fully paginated prior to 
copying. The data packages are packed to meet the requirements of the commercial carrier 
chosen for delivery. Packages are delivered by a commercial carrier whose procedures for 
protecting the data packages are not within the control of Triangle Labs. Should the shipped data 
package be lost or damaged during delivery, a copy can be quickly prepared as a replacement. 
Clients are made aware that a commercial carrier will deliver their data packages. 

Corrections and Additions to Documentation 

The policy for handling additions/corrections of reports already issued is as follows. The Project 
Scientist requests an addition/correction in writing to the appropriate data review/report 
preparation personnel, who make the requested change in a timely manner and internally verify 
the change. An authorized Chemist reviews and approves the addition/correction, and the Data 
Package Assembly Department mails or faxes the new report, which is then stored with the 
original data package for a minimum of ten years. In all cases, revised pages are clearty noted as 
such, as are additional pages added to the report. 

Software Management 

Triangle Labs has a formal validation program of its computer systems. Ultimately, the validation 
program is intended to be of a level such that all computer systems will meet the scope of any 
computer system audit. The validation approach is three pronged. First, new software is 
developed according to appropriate internal validation guidelines. Second, a validation committee 
has been appointed to oversee specific validation efforts of existing systems. Finally, systems are 
kept validated through a system of change controls~ This includes the Computer Systems 
Services Request (CSSR) forms which employees use to make known to the MIS department, 
desired changes to so~are and hardware. CSSR forms include personnel sign-off for each step 
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of the change p~; and depending on the nahJre of the •• ~-~~~asingly st:rfn~e~ . 
required levels Of autho~on. Change ·controls also inClude sOftWare vetSion control; changeS to. 
existing software are announCed, uniquely labeled, doC!Jmented, arid old versions are archived for f 
future reference. 

• 
The goals of the software development methodology, existing system vaftdations, and the change I -
control system are_to e~sure that the so~ systems perfonn the required functions accurately, • 
that the users understand how to use the system, and that aucfitors can assure themselves of the 
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DOCUMENTATION FOR QUALITY ASSURANCE 

Objectives of Documentation 

The objectives of documentation for quality assurance are: to provide a standardized, written 
program of policies, procedures and instructions; to demonstrate that adequate quality assurance 
and quality control procedures have been implemented; to demonstrate that accountability of the 
data is maintained; and to ensure traceability of analytical results. 

Document Control 

The laboratory maintains control over the possession and distribution of documents that directly 
impact the quality of a product or service. It is the responsibility of team leaders to ensure that 
document control files are created and maintained for all applicable documents originating in their 
areas. This includes documents such as the Quality Assurance Manual, Standard Operating 
Procedures (SOP's), Work Area Guidelines 0fVAGs), Quality Assurance Project Plans (QAPP's), 
and client instructions. It also includes standard forms, such as laboratory bench sheets, project 
communication forms, and corrective action reports. 

A written procedure describes document control practices. Full or limited document control is 
applied, depending upon the purpose of the document. Those publications which document the 
quality assurance system at Triangle Labs, specifically the QA Manual and Standard Operating 
Procedures, are subject to full document control practices. Limited document control procedures 
are employed for other relevant documents. such as forms and flow charts . The procedure for 
limited doc-ument control allows for the retention of a previous version for historical information 
and purposes. 

Every controlled document is assigned a unique identification (usually a title, file 10 and 
creation/revision date) which must be present on each page of the document. This unique 
identification is entered on a master list of documents, along with a distribution list for each 
document to ensure that pertinent documents are made available wherever they are essential. A 
master set of current documents is maintained along with the master list. The status of each 
document, active/current or inaCtive/obsolete is indicated on the master list. Each document and 
any subsequent revisions must be reviewed and approved by authorized personnel prior to issue. 
Personnel authorized to review and approve a document are to have access to all necessary 
information on which to base their review and approval. Obsolete documents are to be retrieved 
from distribution points and replaced with current versions . 
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Standard Operating Procedures (SOP's) 

Standard Operating Procedures (SOP's) are controlled documents in which instructions for 
standard operations performed by the laboratory are detailed. The author of an SOP should be 
the person most familiar with the topic being addressed. The standard format for writing SOP's is 
fully described in the SOP on SOPs. Each SOP is reviewed by senior level staff and authorized 
by management prior to distribution. 

It is important that SOP's receive evaluation and input by laboratory supervisors and key techniCal 
personnel. The content of each SOPs must conform to applicable requirements of analytical 
methods and certification agencies, and be consistent with the Good Laboratory Practice 
standards. Within these constraints, the content of an SOP may be customized to meet the needs 
of a particular area of the laboratory. The performance of laboratory operations is subject to audit 
for compliance with written SOP's. If an SOP is impractical, hard to follow, or no longer meets 
laboratory needs, it must be modified or replaced . 

• 

The need for new or revised SOP's can be determined when a new method is implemented, when 
the scope of the existing method is extended or when some activities are being performed without 
adequate SOP's. Such a need can be identified by the analyst involved in the production or by 
someone from management. Also, the QA Department may identify the need and request new or 
revised SOP's, usually as a corrective action for deficiencies found during an internal inspection. 
SOP's are created to provide a clear, concise, description of the procedure with explanatory 
information to enable a person with the appropriate background to perform the procedure. 

• 

Revisions are made to SOP's as necessary to reflect changes in procedures. • 

·While team leaders are responsible for the operating SOPs, the administrative staff assists with 
the typing on an as-needed basis. Once technical approval is obtained for a new or revised SOP, 
the SOP is reviewed by the Quality Assurance Department for compliance with all requirements. 
The Quality Assurance Department also maintains a database of SOP distribution and version 
status, as well as maintaining the original copies of each active SOP and the historical files of 
each revision. The administrative staff distributes copies of the authorized SOPs to area SOP 
coordinators according to the distribution plan contained in the SOP database. The area SOP 
coordinator is responsible for discarding copies of obsolete SOPs upo·n receipt of revisions. Team 
leaders are responsible for training staff in all applicable new or revised SOPs. 

Work Area Guidelines 

WAGs are supplements to the SOPs and as such contain additional detail and guidance. Work 
Area Guidelines fYVAGs) are training documents which entail ste,p-by-step instructions for specific 
tasks. The WAGs are comprised almost entirely of proprietary information and are restricted to 
use by Triangle Labs employees. These documents cannot be distributed to clients or other non
employees. 

Quality Records 
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Quality records must be maintained to prove that the quality assurance system is being effectively 

1 

applied. At Triangle Labs, specific procedures for the identification, collection, indexing, fifing, · · 
storage, maintenance, and disposition of various quality records are described in several SOP's. • 
All quality records must be recorded in permanent (indelible) ink, legible, attributable to thoSe· · ; :.:. 
personnel who wrote them, and protected so they may not be adversely affected by an unsuitable 
environment. They are stored and maintained in a manner that facilitates rapid retrievai for a · ' 
period of at least ten years after completion. Wrth the exception of internal audit reports, project 
specific quality records are available for evaluation by the client or his representative during the 
archive period of ten years. In fact, certain quality records, as specified by SOP or contract, are 
delivered to the client with the final product. 

Project specific quality records are maintained to prove that adequate quality control procedures 
are being implemented, accountability of the project data is maintained, and traceability of 
analytical results is facilitated. Accountability means that reported data reflect the sample as it was 
received, that sample mix-up was avoided, and the sample was properly preserved after receipt. 
Traceability .means that reported data may be reconstructed at a later date. Through proper 
documentation, a laboratory is able to demonstrate or prove to clients or government agencies 
that the quality of the data is what the laboratory says it is. Records must contain sufficient 
information to permit the reconstruction of calibrations, sample preparations and sample analyses. 

Quality records that are maintained at Triangle Labs include, but are not limited to, the following. 

records for sample receipt, preparation and handling 
field sample and quality control sample analysis data 
project communication tracking forms 
inspection reports for receiving, in-process and final product 
subcontractor records 
vendor qualification records 
logbooks: run logs, maintenance logs, temperature logs, balance logs, etc. 
method validation records: MOL studies, initial precision and accuracy demonstrations 
recovery data for samples, blanks and spiked samples (maintained in a database) 
system and data audit reports 
corrective action reports 
QA reports to management 

Many of these quality records are discussed at length in other sections of this manual. Laboratory 
notebooks (or "logbooks") are utilized throughout Triangle Labs for many different purposes. All 
logbooks are maintained according to written procedures. New logbooks are issued by a system 
of signing them out in a designated logbook. Information that must be documented, both in the 
new logbook and the sign-out logbook, includes the assigned owner, the date issued, and the 
name and subject of the logbook. Logbooks must be maintained in accordance with the r;N~ data 
SOP. Logbooks are kept to document all monitoring, maintenance and calibration of analytical 
instrumentation, and such laboratory equipment as balances, refrigerators and ovens. Software 
and hardware records for computers are also kept in logbooks. Logbooks specific to a piece of 
equipment are kept near that equipment to ensure that the work is recorded concurrently. 
Logbooks used for personal notes and telephone logs are distributed and tracked in the same· 
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manner as laboratory notebooks. When no longer In use, distributed notebo.oks are stored in the I • 
Archive Room for a mtriimum of ten years. · · 

Archive 

· The Archive Room tS locked at all times and only trained, deSignated staff have access. All other . L 
personnel may enter the· room only In the presence of a trained Archivist and must sign and date I 
a logbOok in the Archive Room. Any materials removed from the Archive Room must be signed 
out by the Archivist · 

All magnetic and hard copies of data, calibrations, equipment maintenarp3 records, calculations, 
records of original observations, final test results and any other misce11a2eous quarlty records 
directly associated with sample analyses are stored in a secured facility for a minimum ten ·(10) 
years after completion of a project. They may be stored in the Archive Room or at a secure, off-
site storage faciflty. • 
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Section 14 

QUALITY ASSURANCE 

Through a formal quality assurance system, Triangle Laboratories, Inc. is able to prove that 
products and services meet specific quality standards. These quality stand~rds are defined to 
meet the needs and requirements of our clients, the analytical methods utilized, government 
agencies, and senior management of Triangle Labs. 

Quality assurance is a ve~broad and multifaceted concept It is composed of quality control and 
quality assessment Quali control is the most important component of quality assurance. The 
need for quality assessmen would be negligibl~ if the laboratory always achieved perfect quality 
control. 

Quality control is a system of activities applied at each stage of the production process. Its 
purpose is to assure that products meet defined quality standards. This system includes 
the following: employee education, training, and experience: documentation (e.g., 
instructions, document control, records); instrument calibration and maintenance; 
laboratory accommodations: and inspection . 

Quality assessme~is a sy~tem of activities employed to assure that quality control takes 
place at each stag of the production process~ This system includes the following: system, 
data, and perform ce audits: reference materials; statistical evaluations: retests; and 
measurement bias mvestigation (when measurements may be operator-, instrument-, or 
methodology-dependent}. 

The success of a quality assurance system is dependent upon acknowledgment by all personnel 
of their responsibility for the system. The management of the laboratory is ultimately accountable 
for product quality, but no one person or group (e.g., the QA Department) is responsible for the 
greater part of quality assurance program activities. Details of the program may be found 
throughout this QA manual. The remainder of Section 14 will be limited to a discussion of the 
Quality Assurance Department, and the major activities performed and/or administered by this 

group. I ·. . 
The Quality Assurance q;parbnent 

At Triangle Labs, the QA Department monitors the quality assurance system, as it is implemented 
throughout the laboratory, and reports the results of its observations to senior management. The 
Quality Assurance Officer reports directly to the President and the QA Department has no direct 
responsibility for production in the laboratory. The obje~ve of this independence is to eliminate 
conflicts of interest in the performance of QA duties. Major activities performed and/or 
administered by the QA Department are summarized below. Each activity is discussed in greater 
detail elsewhere in the QA manual, as indicated . 
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• Performance of internal audits and coordination of external audits (see this section) • 

• Administration of a system for formal Corrective Action Reports (see this section 
and Section 15) 

• Performance of Quality Assurance Unit (OAU) duties required for GLP-regulated 
studies (see this section) 

• Administration of the system for document control, with emphasis on the 
maintenance of Standard Operating Procedures (see Section 13) 

• Performance of statistical evaluations for selected quality indicators, and 
maintenance of quali,ty records (e.g., control charts, summary reports) generated 
to document selected statistical evaluations performed throughout the laboratory 
(see Section 15) · 

• Publication of the QA Manual and other documents that describe the quality 
assurance system at Triangle Labs (see Section 3) 

Audits and .Inspections 

There are several different types of audits. These may be internal, in which the laboratory reviews 
and examines itself, or external, in which the laboratory is audited by outside organizations, such 
as accrediting or regulatory agencies and clients. 

Internal 
System 
Audits and 

Phase 
Inspections 
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A system ·audit is an on-site inspection and review of the quality assurance system 
as it is employed in the laboratory. During an audit, verification may be sought that: 
adequate written instructions are available for use; that analytical practices 
performed in the laboratory are consistent with SOP's; that adequate quality 
control practices are applied during production; that corrective actions are applied 
as necessary; that deviations from approved protocols are occurring only with 
proper authorization and documentation; that SOP's, quality records, analytical 
records, magnetic tape, etc., are p~operly maintained; and that personnel training 
records are satisfactory and current. 

Internal system audits are implemented by the Quality Assurance Department to 
assess the functioning of one or more department(s) of the laboratory. These 
audits consist of real time inspections of the analytical process, comparing the 
daily operation to the applicable SOPs and policies. Formal inspection reports are 
issued detailing the extent of the inspection and any non-conformance issues 
noted. The production staff is required to correct all noted deficiencies and a . 
second acceptable inspection is required for acceptance of the corrections. 

Inspection reports may be routed to management at any point in the process 
depending on the severity of the problem. Major problemsare reported to. 
management immediately while minor ones are normally communicated in a 
summary report dealing with several inspections. The original of eaCh completed 
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External 
System 
Audits 

- ..... · ............. . 

inspection report, with management notification dates, is kept on me in the QA 
files. 

Phase inspections are internal system audits that are used to verify that critical 
points of analysis during a pre-clinical or clincal study are being performed as 
specified in the applicable SOP. These inspections are performed at intervals 
adequate to assure the integf'!ty of the study. · 

Representatives of clients, government agericies, and accrediting agencies 
frequently perform system audits of Triangle Labs. These audits are usually 
announced inspections, but sometimes are conducted without forewarning. QA 
Department personnel usually accompany such audit teams through the lab. The 
auditors receive a brief overview of company objectives, activities, and facilities. 
Interviews with essential supervisory and technical staff are arranged, along with 
retrieval of any documentation pertinent to the audit. Auditors typically provide an 
account o{ their .findings shortly after the audit This account is evaluated by QA 
personnel and reported to management, along with recommendations for actions 
in response to any cited deficiencies. 

Data Audits Data audits are performed by technical personnel (in Cl_ient Services or the QA 
Department) on a random sampling of the data reports produced at Triangle Labs. 
It is a goal to perform a comprehensive evaluation of a representative sampling of 
data reports. A data report is carefully evaluated for technical, clerical and 
administrative accuracy. Primary emphasis is placed on the ability of the data 
report to meet customer requirements. Data audits are utilized for several 
purposes, including: identification of opportunities for process improvement, 
evaluation of the efficiency of the system, detection of inadequate execution of 
quality control procedures, early warning of potential system deficiencies, 
corrective action recommendations, and reports to upper level management. 

Performance 
Audits 

A performance audit is the analysis of a fortified blank sample, for the purpose of 
evaluating laboratory or analyst performance. There are several examples of 
performance audits, which may be of internal or external origin. Performance 
Evaluation (PE) samples have analyte concentrations unknown to Triangle Labs, 
and are submitted by external organizations. PE's may be analyzed as part of 
multi-laboratory round. robin studies, in conjunction with accreditation programs, or 
as blind check samples submitted by clients. Internal performance audits are 
fortified blanks with known analyte concentrations, the values of which may or may 
be known to the analyst. Examples of internal performance audits include initial 
precision and accuracy studies, QC check samples, laboratory control samples, 
and blind samples. The results of performance audits are utilized for several 
purposes other than the evaluation of laboratory performance, including: to fulfill 
accreditation requirements, to serve as analyst proficiency tests, and to facilitate 
laboratory improvement efforts. 

Non-Conformance Reports 
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All instances of failure to comply with acceptance criteria are documented in a non-
. conformance report (NCR). Each report contai~s a desaiption of the •failure•, details of 
the resulting investigation, and the detennined impad on the associated sample{s). A 
summary of these NCR reports is reviewed by the Production Manager, the Technical 
Director and the Quarrty Assurance staff. NCRs are maintained as part of the raw data file 
of the project A non-conformance issue may be caused by a particular sample 
independent of the analytical process pr it may have been caused by a faulty analytical 
process with minimal adverse impact on the particular samples. The staff at Triangle 
strives to identify both types of situations and deal with them accordingly. 

Corrective Action Reports 

All major non-routine problems, deficiencies, or irregularities must be reported to management A 
formal Corrective Action Report (CAR) system, administered by the QA Department, is in place at 
Triangle Labs. The QA Department issues CAR forms, monitors the progress of corrective 
actions, maintains completed documentation, and provides reports to senior management on the 
status of formal corrective action activities. CAR's may be originated by anyone responsible for 
the quality of a product. A completed form is sent to an appropriate person or group to whom 
responsibility for corrective action is assigned. One person is designated the Corrective Action 
Analyst. This person records the corrective action plans, implementations and follow-up actions 
completed by the responsible person(s). During the corrective action process, several measures 

·may be taken. These include: determination of the root cause through careful analysis of 

• 

-processes, specifications, quality records, customer complaints, etc., using statistical process • 
control when applicable; implementation of measures that prevent recurrence of the problem: 
·implementation of process controls to ensure that effective corrective action is taken; application 
of remedial actions to products affected by the identified problem: and revision of documentation 
for procedures that have undergone change as a result of corrective action. 

Certification and Accreditation 

Triangle Labs has been granted numerous certifications and accreditations, based upon 
compliance with standards set forth by the granting agencies. These credentials have enabled 
Triangle Labs to expand and retain a substantial client base. More information about specific 
credentials can be found in Section 5, page 3. The nature of the quality assurance program 
implemented at Triangle Labs is profoundly affected by requirements of certification agencies. The 
administrative staff is responsible for the administration application and renewal activities 
associated with the various certification programs, while the QA Department is responsible for the_ 
coordination of the technical and quality issues associated with the certification programs. The QA 
Department is directly responsible for the coordination of: 

• On-site audits by outside agencies 

• Analysis of blind performance evaluation {PE) samples 

• 
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Responses to deficiencies cited in audit reports and performance evaluation 
results. 
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• Dissemination of requirements and status of certifications to relevant laboratOry 
personnel. 

GLP Regulated Studies 

The Good Laboratory Practices (GLP's) are a set of regulations decreed by the United States 
Food and Drug Administration (FDA) and the United States Environmental Protection Agency 
(EPA). Compliance with these regulations is required for certain projects C'studiesj completed at 
Triangle Labs. The GLP's define some specific responsibilities for the Quality Assurance 
Department. Briefly summarized, these QAU duties include the following: 

• Maintenance of a copy of the master schedule sheet for all studies 

• Maintenance of copies of all protocols pertaining to all studies 

• 
• Inspection of each study at adequate intervals 

• Preparation of written status reports on each study with reports to management 
and the study director 

• Determination that no deviations from approved protocols or SOP's were made 
without proper authorization and documentation 

• Review of the final study report 

• Preparation of a signed statement of the inspections performed and the dates 
each was reported to management for inclusion in the final study report 
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S~ction 15 

QUALITY CONTROL 

At Triangle labs, quality control is achieved through the application of several procedures. Quality 
control activities commence before production is initiated, and are implemented at each stage of 
the production process. The purpose of these activities is to assure that all required standards of 
quality are mel Quality control activities are described in many sections of this manual. The 
remainder of this section will describe a subset of quality control activities that may be considered 
a discrete process, summarized as follows: 

Prior to the initiation of production activities, required quafrty standards are defined. These 
are derived from several sources, inclut!fing: requirements of the analytical methods, needs 
stated by the clients, and standards established within Triangle Labs. 

During production, verification activities are performed to determine that defined quality 
standards have been met. Also, preventive measures are applied to avoid the possibility of 
nonconformity. 

When defined quality standards have not been met (nonconformities), corrective actions 
are applied and verified to determine that the results meet requirements . 

Data Quality Objectives 

Data are produced for clients at Triangle labs. Defined quality standards for these data may be 
expressed as data quality objectives (DQO's}. These are established prior to sample preparation 
and analysis. Quality assurance indicators common to all DQO's include, but are not limited to: 
accuracy, precision, completeness, representativeness, and comparability. Examination of the QA 
indicators is performed to demonstrate that the data are scientifically valid, legally defensible and 
that they adequately meet established DQO's. The QA indicators may be summarized as follows: 

Accuracy 

Precision 
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A quantitative measure of the relationship of reported data compared to the •true· 
or expected values. This measurement may be accomplished by evaluation of 
the recoveries of analytes spiked into samples. Specific accuracy measurement 
activities include surrogate spikes, matrix spikes and Quality Control Check 
Samples .• 

A quantitative measure of the reproducibility of measurements made under 
controlled conditions. This measurement may be accomplished by comparison of 
recoveries of analytes in replicate samples or injections. These analytes may be 
spiked or native to the duplicate samples. Specific precision measurement . 
activities may include field replicates, lab replicates, matrix spike replicates a11d 
replicate injections 
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Complete
ness 

Represent
ativeness 

Comparability 

A qualitative measure of the amount of vafid data obtained from the analytical 
process compared to the amount thatwas expected to be obtained. Valid data 
must meet all data quality objectives for precision and accuracy. 

A qualitative measure of the degree to which data represents the charaderistics 
of the population from which samples were colleded. This is usually dependent 
upon sampling techniques not controlled by the analytical laboratory. However, 
the issue of the representativeness of subsamples prepared within the 
laboratory is addressed by thorough homogenization prior to subsampli~g. 

A qualitative measure of the confidence with which one set of data can be 
compared to another. Charaderistics that make comparison possible include 
standardized report format, consistency of units (e.g., mg/L, ppm), and 
standardized sample preparation and analysis. 

Quality Control Samples and Spikes 

Analytical performance is monitored through quality control samples and spikes, such as 
laboratory method blanks, surrogate spikes, quality control check samples, matrix spikes, matrix 
spike duplicates, duplicate samples and duplicate injections. Many of these quality control 
measures, as applied at Triangle Labs, are summarized below. 

Laboratory 
Method 
Blank 

Surrogate 
Standards 

Quality 
Control 
Check 
Sample 
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A laboratory method blank consists of a sample that is processed in a manner 
identical to that of a regular sample, except that the matrix is replaced with distilled 
water for aqueous matrices. sodium sulfate for solid matrices, XAD-2 resin for 
MM-5 and PUF filter for PUF air sampling cartridges. The laboratory method blank 
sample is fortified and prepared along with the field samples, at a frequency of one 
laboratory method blank per batch of 20 (or less) samples of a given matrix type. 
The laboratory method blank serves to demonstrate a contamination free 
environment in the laboratory. 

For certain methods, all samples, including the laboratory method blank, are spiked 
with a set of specific surrogate standards to monitor accuracy of the analytical 
determination for each particular sample. QC criteria for surrogate recoveries are 
method and matrix specific. Typically, laboratory QC criteria are established upon 
acquisition of a sufficient number of data points {20 or more) and used for 
evaluation of sets of data via control charts, while method specified limits are 
utilized for individual sample~. 

A quality control check sample consists of a blank matrix sample which is fortified 
not only with appropriate internal and/or surrogate standards, but also with target 
analytes. QC check samples are analyzed at a frequency dependent on the 
method. They serve as an estimation of system precision and accuracy. Results of 
ac check samples are monitored on control charts, with ac requirements for 
recoveries being established as they are for surrogate recoveries. 
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Matrix 
Spike 
Sample 

Matrix 
Spike 
Duplicate 
Sample 

Duplicate 
Sample 
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A matrix spike (MS) sample consists of a field sample, identified by the client, that is 
split into two parts and processed in a manner identical to that of the rest of the field 
samples. However, in addition to the regular fortification with the standards : 
Ontemal, surrogate and/or alternate), the chemist will add a set of the target · .. 
analytes to one part of the chosen sample before the preparation. The fortification 
levels for the target analytes are defined by the analytical method or the client's 
request. At the request of the client, one such sample will be prepared for every 
batch of 20 samples (or less) fo.r a given matrix. To be able to run matrix spikes, the 
client must provide Triangle Labs with extra sample amounts. 

The analytical report for the matrix spike will contain a tabulation of the analyte 
concentrations as expected and as measured, along with the calculated percent 
recoveries based on the expected. concentrations. The percent recoveries actually 
represent a measurement of the method accuracy for that particular sample and 
matrix. Accuracy is established and updated for a particular analyte and method. In 
the absence of observable quantitative interferences, the MS sample showing 
accuracies falling outside the QC limits must be reanalyzed unless the matrix spike 
duplicate (MSD), which was processed along with the MS. shows similar deviations 
as a result of a ·matrix effect." This type of corrective action can only be imple· 
mented if the sample selected for the MS (and MSD) was proven to be free of the 
target analytes, or did not contain high concentrations that significantly exceed the 
MS fortification level of these analytes. "Matrix effect" is further substantiated by 
acceptable recoveries in a QC check sample processed along with the fieid 
samples. Matrix spike recoveries, and the possible effects on data quality when 
accuracies fall outside the QC limits. are discussed in the Case Narrative. 

The matrix spike duplicate (MSD) sample is commonly prepared (at the Client's 
request) in conjunction with the matrix spike (MS) sample. The analytical report will 
summarize the data from the MS and MSD analyses in a format allowing 
determination of the precision of the analyses. As for the matrix spike sample, the 
client must provide Triangle Labs with extra sample amounts. 

A duplicate sample (DUP) consists of a set of two identical samples obtained during 
a single sampling session. At the client's request one such sample per batch of 20 
samples (or as specified by the client) per matrix type will be analyzed, provided the 
client supplies Triangle Labs with the necessary samples. 

The analytical report for the duplicate analyses will contain a tabulation of the 
results showing the precision as relative percent difference (RPD). Precision 
exceeding any specified target values will necessitate a non-conformance report 
and an evaluation of the associated data. The influence of the sampling procedure 
will be included in the data evaluation. The RPD is calculated as: 

X-X 
RPD= I 

1 
X 100 

(X, +X1)/2 

where: RPD = 
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X.0=1,2) = the analyte concentration in the original sample (1) and the dupficate • 
sample (2) 

Duplicate 
Injection 

Upon client request, a duplicate injection' of a single sample extract will be 
performed. In the absence of observable interferences, the RPD is expected to be 
within ± 30% or the injections will be repeated after identification of the cause of the 
poor precision. Field samples analyzed during a suspected out-of-control situation 
will be reinjected as well. 

Statistical Evaluation . 

1 Statistical evaluations can be made of selected analytical quality indicat , including spike 
recoveries, calibration responses, contamination levels, and method detection limits. Production 
units monitor levels of compliance with many criteria on a •real time" basis. Control charts are 
used to identify shifts in the analytical process. All identified performance shifts are investigated 
and causes of adverse shifts are eliminated. Causes of positive shifts are also identified and 
incorporated in SOPs and staff training as applicable. In-house QC criteria may be determined 
through historical trend analysis of data collected on QC charts. Statistical evaluations can be 
performed by both the QA department and production units. 

QC Inspection 

Quality control inspections are built into the production process. These ilpections consist of peer . • 
review at each step of the process the ensure compliance with process J'd product 

··specifications. Acceptance criteria are included in the production SOP's. Written documentation 
of the analytical process is maintained beginning with sample receipt and preparation, through 
instrument calibration, sample analysis. data review and report preparation. This documentation is 
reviewed for completeness, compliance with written procedures and consistence with client . 
documentation·. · 

Written records of all QC inspections are required indicating the date, inspector and results of the 
inspection. Detected nonconformances must be recorded during the inspection. Corrective action 
must be taken and documented whenever nonconformance is detected. The identity of the 
inspection authority responsible for releasing the product is documented~· the inspection records. 
Until required inspections are performed on the intermediate and final p uct, it is not permitted 

· to progress further along the production process, except by special, doc · ented, client request. 
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In-process 
Inspection and 
Testing 

Final 
Inspection and 
Testing 

Nonconformity 

Each department is responsible for a segment of the production procesS andfOr 
all in-process inspection and testing that takes place within the department ·In
process inspection is accomplished tprough 100% screening for an areas. eacih 
client sample that goes through the analytical process is unique and can be 
considered a separate lot 

The last stage of the production process is the preparation of a final data report. 
This requires a thorough review of all records generated for a client sample set 
since its receipt, including inspection records and any client documentation that 
may have originated before sample receipt A chemist performs this function 
during the preparation of the data package. This inspection serves as both an 
in-process and final inspection of the product. In addition, a second chemist 
perfonns another final inspection of the data package and quality records. As in 
any other part of the process, any non conformances found during these 
inspections must be documented and corrected before the data package is 
released. Approval of the data package for release to the client is indicated by 
the ·signatures of the chemists on the case narrative. 

Each field sample that is incorporated into the analytical process is unique. Laboratory procedures 
are designed to introduce as much standardization as possible. Whenever conformance to 
standards is uncertain, the product is reviewed to determine the nature and cause of 
nonconformance. If it is judged to be nonconforming due to the unique nature of a sample, there 
may be little recourse other than to inform the client and discuss the options that are available. 

Each case of failure to comply with written acceptance criteria must be recorded in a non
conformance report {NCR). The failure must be recorded by the person who detected or 
observed it. All investigative efforts are recorded on the NCR with an evaluation of the impact the 
non-conformance had on the associated samples. Impact on the analytical process is also noted. 
If needed, recommendations for corrective action are made. A copy of the NCR is kept with the 

project data. Rework and reanalysis is subject to the same inspection procedures as the initial 
work. Nonconformity, its review, and its disposition must be documented in the quality records as 
prescribed by the written procedures. 

Corrective and Preventive Action 

Appropriate actions must be taken to prevent or correct nonconformities in products and problems 
in analytical systems. When actions result in permanent procedural changes, pertinent 
documentation (e.g., SOP's) must also be modified to reflect these changes. Cost-effective 
preventive measures are applied whenever possible. In specific cases, the cost of applying 
preventive measures would exceed the cost of applying routine corrective actions. Because every 
client sample possesses unique and unknown properties, some predisposition to unpredictable, 
unpreventable nonconformities exists . 
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Colrective 

Action 

Preventive 
Action. 

Revision Date 
Apn115, 1999 

~ . . .. \ . ·. 

Specific corrective actions are of two types: routine corr8ctive actions appfi~ to.·· . 
·solve minor or commonplace problems, and formal cOrrective actions taken· to · ·, 
efiminate major or non-routine problems. ·· · · ~ · · · 

. . . 
Routine corrective actions are usuarry made by the chemists, technicians or 
instrument operators who detect minor problems or produd 
nonconformances. These actions are taken in response to observed non
conformance issues are recorded on the associated NCRs • . 
There are three procedures for conducting formal corrective actions. The 
first is corrective action in response to a system audit. report from the 
Quality Assurance Unit. This procedure is more thoroughly described in 
Section 14. The second procedure is the formal Corrective Action Report, 
which may be initiated by anyone who detects a significant quality problem. 
This procedure is also administered by the Quality Assurance Unit. Further 
information about it can be found in Section 14. The third practice is · 
described in a written procedure on "Problem Sample Communication." It is 
initiated in response to client complaints about specific projects. 

Preventive actions are implemented as part of standard operating procedures, 
process improvement efforts and corrective actions. When circumstances inherent 
to a procedure are known to have a high potential for error, the SOP must define 
measures to prevent the error from occurring. Preventive actions are an integral 
part of corrective actions, because resultant changes in procedures often prevent 

•· recurrence of problems. 
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Appendix 2A 
VOLA TILE COMPOUNDS SW-846 Method 82608 

pentafluorobenzene <Internal standard\ 
Acetone 
Acrylonitrile 
Allyl chloride 
Bromomethane 
Bromochloromethane 
Carbon disulfide 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-0ichloroethene 
1,1-0ichloroethane 
1,1-0ichloroethene 
1,2-0ichloroethane 
1,1,1-Trichloroethane 
cis-1.2-Dichloroethene 
2-butanone (methylethylketone) 
2.2- Dichloropropane 
lodomethane 
Methylene chloride 
trans-1,2-0ichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Vinyl Acetate 
Dibromofluoromethane (surrogate) 
1 4-Difluorobenzene <Internal standard) 
Benzene 
Bromodichloromethane 
Bromoform 
2-Butanone 
Carbon Tetrachloride 
Chlorodibromomethane 
Dibromomethane 
Dichlorodifluoromethane 
1 I 1-Dichloropropene 
1 ~2-Dichloroethane 
1 ~2-Dichloropropane 
cis-1 ~3-Dichloropropene 
Ethyl methacrylate 
Methyl methacrylate 
trans-1 ~3-Dichloropropene 
4-Methyl-2-pentanone 
trans-1,3-Dichloropropene 
1 I 1 I 1-Trichloroethane 
1 I 1 ~2-Trichloroethane 
Trichloroethene 
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Toluene 
4-Bromofluorobenzene (surrogate) 
Toluene-de (surrogate) 
Chlorobenzen~nntemal standard\ 
Bromoform 
Chlorobenzene 
Dibromochloromethane 
1 ~2-Dibromoethane 
Ethylbenzene 
1111 1.,2-Tetrachloroethane 
1 13-Dichloropropane 
2-hexanone 
a-Xylene 
m-lp-Xylene 
Styrene 
Tetrachloroethene 
1 4-0ichlorobenzene- d. (Internal standard) 
4-Chlorotoluene -
Benzyl Chloride 
n-Butylenzene 
sec-Butylenzene 
tert-Butylenzene 
trans-1, 4-Dichloro-2 -butene 
n-Propylenzene 
Naphthalene 
p-Cymene 
Bromobenzene 
Cumene 
Hexachlorobutadiene 
1 I 1 ~2~2-Tetrachloroethane 
1 ~2~3-Trichlorobenzene 
1 ~2~3-Trichloropropane 
1 ~2~4-Trichlorobenzene 
1 ~2.4-Trimethylbenzene 
1 ~2-Dibromo-3-chloropropane 
1 ~3~5-Trimethylbenzene 
1 ~2-Dichlorobenzene 
1 ~3-Dichlorobenzene 
1 14-Dichlorobenzene 

. 2-chlorotoluene 
4-chlorotoluene 

Additional single point calibration compounds: 
113-butadiene; n-hexane; Vinyl bromide; 1,2-
Epoxybutane; lso-octane; Heptane; Ethyl 
acrylate; methyl-t-butyl ether (MTBE) 

Page 
1 of1 



• 

• 

• 

Triangle Laboratories, Inc. 

Appendix28 
SEMIVOLA TILE COMPOUNDS 

SW-846 Method 8270C 

1 .+Oich!orobenzene-d! 
Benzyl alcohol 
Bis(2-Chloroethyl)ether 
Bis(2-Chloroisopropyl)ether 
2-Chlorophenol 
1,4-Dibromobenzene-d4 

(surrogate) 
1,3-0ichlorobenzene 
1,4-0ichlorobenzene 
1,2-0ichlorobenzene 
1,2-0ichlorobenzene-d4 
(suer) 
Hexachlorophenol 
2-Methylphenol 
3/4-Methylphenol 
N-Nitroso-di-n-propylamine 
Phenol 
Phenol-d5 (surrogate) 
2-Fiuorophenol (surrogate) 

Naphthalene-d§ 
Benzoic acid 
4-Chloroaniline 
Bis(2-Chloroethoxy)methane 
4-Chloro-3-methylphenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
Hexachlorobutadiene 
lsophorone 
Naphthalene 
Nitrobenzene 
2-Nitrophenol 
1,2,4-Trichlorobenzene 
1,3,5-Trichlorobenzene-d3 
(surrogate) ·, 
Nitrobenzene-d5 (surrogate) 

Acenaohthene-<h.!l 
Acenaphthene 
Acenaphthylene 

2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Oibenzofuran 
Oiethylphthalate 
2,4-0initrophenol 
2,4-0initrotoluene 
2,6-0initrotoluene 
Fluorene 
Hexachlorocyclopentadiene 
2-Nitroanilin~ 

3-Nitroaniline 
4-Nitroaniline 
4-Nitrobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2-Fiuorobiphenyl (surrogate) 
2.4,6-Tribromophenol 
(surrogate) 

Phenanthrene-dm 
Anthracene 
Anthracene-d10 (surrogate) 
4-Bromophenyl phenyl ether 
Oi-n-butylphthalate 
4,6-Dinitro-2-methylphenol 
Hexachlorobenzene 
N-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 

Chrysene-du 
Benzo(a)anthracene 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene 
3,3'-0ichlorobenzidine 
Pyrene 
Pyrene-d1o surrogate) 
Terphenyl-d14 (surrogate) 

Revision Date 
April15, 1999 

Appencfoc 28 
SEWVOLATILECOMPOUNDS 

Pery!ene-d11 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,ijperylene 
Benzo( a)pyrene 
Oi-n-octylphthalate 
lndeno(1,2,3-cd)pyrene 
Oibenz( a,h)anthracene 

Non-target compounds 
known as tentatively 
identified compounds (TIC's) 
are identified by a computer 
generated searcch of the 
National Institute of 
Standards and Technology 
(NIST) Mass Spectral Library • 

Internal standards are 
underlined in this list. 
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Appendix 2C 

DIOXINJFURAN COMPOUNDS 

. 
Table 1- Method 551 Target Analytes 

Specific Isomers 
2,3,7,8-TCOO 
2,3,7,8-TCOF 

Total Isomers 
Total TCOO (22 isomers) 
Total TCOF (38 isomers) 

Table 2- Methods 8280, 8290, 23, 0023A, 16138 

Specific Isomers 
2,3,7,8-TCOO 
1,2,3,7,8-PeCOO 
1,2,3,4, 7,8-HxCOO 
1,2,3,6,7,8-HxCOO 
1,2,3,4,6, 7,8-HpCOO 
ocoo 

2,3,7,8-TCOF 
1,2,3,7,8-PeCOF 
2,3,4,7,8-PeCOF 
1,2,3.4, 7 ,8-HxCOF 
1,2,3,6,7,8-HxCOF 
2,3,4,6, 7 ,8-HxCOF 
1,2,3, 7 ,8,9-HxCOF 
1,2,3,4,6, 7,8-HpCOF 
1,2,3,4, 7 ,8,9-HpCOF 
OCOF 

TCOO 
PeCOO 
HxCOO 
HpCOO 
ocoo 
TCOF 
PeCOF 
HxCOF 
HpCOF 

tetrachlorodibenzo-p-dioxin 
pentachlorodibenzo-p-dioxin 
hexachlorodibenzo-p-dioxin 
heptachlorodibenzo-p-dioxin 
octachlorodibenzo-p-dioxin 
tetrachlorodibenzo furan 
pentachlorodibenzofuran 
hexachlorodibenzofuran 

heptachlorodibenzofuran 
OCOF octachlorodibenzofuran 

Appendix2C 

• 

Revision Date 
April15. 1999 DIOXJNIFURAN COMPOUNDS 

Total Isomers 
Total TCOO (22. isomers) 
Total PeCOO (14 isomers) 
Total HxCOO (10 isomers) 

Total HpCOO (2 isomers) 

Total TCOF (38 isomers) 
Total PeCOF (28 isomers) 

Total HxCOF (16 isomers) 

Total HpCOF {4 isomers) 
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Revision Date 
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Appendix 20 

PESTICIDE COMPOUNDS 

Method 8081 

Aldrin 
a.-BHC 
13-BHC 
S-BHC 

y -BHC (Lindane) 
Chlordane (technical)• 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 

Endosulfan I 
Endosulfan II 

Endosulfan sulfate 
Endrin 

Endrin aldehyde 
Heptachlor 

Heptachlor epoxide 
Methoxychlor 
Toxaphene 

Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

Tetrachforo-meta-xylene (TCMX)- surrogate 
Decachlorobiphenyl (DCBP) - surrogate 

Appendix2D 
PE5nCIDE COMPOUNDS 

Quality Assurance Manual 
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Appendix 3A 

GCIMS ANALYTICAL METHODS: VOLATILES- SW-846 82608 

Matrices 

Compounds 

Initial Calibration 

Continuing 
Calibration 

Internal Standards 

Standard Solution 
Lifetime 

VOST tubes, solids (by· dilution method only) , water 

See Appendix 2A 

5 point minimum; SPCC compounds RF > 0.30 for chlorobenzene and 
1, 1,2.2-tetrachoroethane and RF > 0.10 for chloromethane, 1,1-
dichlorethane and bromoform ; CCC compounds RSO <30% 

mid-level standard analyZed at the beginning of every 12 hours of analysis 
time. SPCC compounds - same as initial calibration; CCC compounds 
%0 < 20% from initial calibration average 

Pentafluorobenzene 
1,4-Difluorobenzene 
Chlorobenzene-d5 
1 ,4-Dichlorobenzene- d4 

Stock Solutions (>1 000 ppm): 
gases in methanol 2 months 
liquids in methanol 6 months 

Dilutions (<1000 ppm): 
in methanol 
in water 

2weeks 
1 week 

Holding Time 14 days from sample collection 

Validation Initial performance analysis {water): four 5 ml aliquots composed of 
reagent water spikes with all analytes at 20 Jlg/L Results must meet all 
method criteria. 

QC Check Sample Blank matrix spiked with equivalent of 20 J.lg/L all analytes. Must meet all 
method criteria. Two {2) are analyzed each day of analysis or once per 20 
samples whichever is greater • 

Revision Date 
April15, 1999 

Appendix3A 
GCIMS ANALYTICAL METHODS: VOLA TILES 
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Matrices 

Compounds 

Initial Calibration 

Continuing 
Calibration 

. Internal Standards 

Appendix 38 

GC/MS ANALYTICAL METHODS: 
SEMIVOLA TILES SW-846 Method 8270C 

solid waste, soil, water: and air 

See Appendix 28 

5 point minimum, SPCC compounds RF > 0.050, ~CC compounds RSD 
<30% 

mid-level standard analyzed at the beginning of every 12 hours of analysis 
time, SPCC compounds RF > 0.050, CCC compounds 
%0 < 30% from initial calibration average 

1,4-0ichlorobenzene-d4 

Naphthalene-d8 
Acenaphthalene-d,0 

Phenanthrene-d,0 
Chrysene-d12 
Perylene-d12 

Surrogate Standard Nitrobenzene-d5 2,4,6-Tribromophenol 
Pyrene-d,0 

Standard Solution 
Ufetime 

Holding Time 

Validation 

QC Check Sample 
or Laboratory 
Control Sample 

Revision Date 
Apnl15, 1999 

2-Fiuorobiphenyl 
Terphenyl-d14 

Phenol-d5 
2-Fiuorophenol 

Stock Solutions 1 year 

1,3,5-Trichlorobenzene-d3 
1 ,4-Dibromobenzene-d4 

Anthracene-d,o 

Extraction: water 7 days from sample collection 
soils 14 days from sample collection 

Analysis: 40 days from extraction 

Initial performance analysis (water): four (4) 1 L samples composed of 
reagent water spikes with all analytes at 1 00 J.lg/L, extracted and analyzed. 
Results must meet all method criteria. 

Blank matrix spiked with equivalent of 1 00 J.lg/L all analytes. Must meet all 
method criteria. Two (2) are analyzed each day of analysis or once per 20 
samples whichever is greater • 

Appendix 38 
GCIMS ANALYTICAL METHODS: SEMIVOLA TILES 
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Appendix 3C 

GC/MS ANALYTICAL METHODS: DIOXIN/FURAN 

Methods 8290 & 23 · Method 16138 Method 551 

Matrices water, soff, sludge, tissue, pulp, paper, ash, MMS, PUF (Method 23- MMS only) 

Compounds 

Initial Calibration 

Continuing 
Calibration 

Internal Standards 

Surrogate 
Standards 

See Appendix 2C, Table 2 

6 points- 20/30% RSO 
(Method 23- 25/30% RSO) 

mid-level standard every 
12 hours, 20/30% RPO 
(Method 23- 25/30% RPD) 

13C12-2,3, 7,8-TCDO 
13C12-2,3,7,8-TCOF 
13C1r1.2,3,7,8-PeCDO 
13C1r1.2,3. 7,8-PeCOF 
13C12-1,2,3,6, 7,8-HxCOO 
13C1r1.2,3,6,7,8-HxCDF 
13C,2-1,2,3,4,6, 7 ,8-HpCOO 
13C12-1,2,3,4,6, 7,8-HpCOF 
13C1r1.2,3,4,6,7,8-0CDO 

37 Cl4-2,3, 7 ,8-TCDD 
13C12-2,3,4, 7,8-PeCDF 
13C12-1,2,3,4, 7,8-HxCOO 
13C12-1,2.3,4, 7,8-HxCOF 

·
13C12-1,2,3,4,7,8,9-HpCOF 

Recovery Standards 13C12-1,2.3,4-TCDO 
13C1r1,2,3, 7,8,9-HxCOO 

Appendix3C 

~ 

See Appendix 2C, Table 2 See Appendix 2C, Table 1 

6 points- 20/25% RSD 5 points in duplicate -
20125% RSO 

Mid-level standard every Mid-level standard at the 
12 hours, approximately beginning of every 12 
20/25% RPD hours and 4th point at the 

end of injection sequence, 
20% RPO 

same as Method 8290 same as Method 8290 
plus: ( except tetra isomers 
13C12-2,3,4,7,8-PeCDF only) 
13 . 

C12-1,2,3,4,7,8-HxCDD 
13C12-1,2,3,4,7,8-HxCDF 
13C12-1,2,3,7,8,9-HxCDF 
13C12-2,3,4,6,7.8-HxCDF 
13C12-1,2,3,4,7,8,9-HpCDF 

37 C14-2,3. 7 ,8-TCDD same as Method 8290 

(cleanup standard) 
{ except tetra isomers 

only} 

13C,r 1,2,3,4-TCDD 13C12-1,2,3,4-TCDO 
13C12-1,2,3,7,8,9-HxCDD 

Revision Date 
April15,1999 GCIMS ANAL YTJCAL METHODS: DIOXINJFURAN 
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Standard Solution 
Ufetime 

Holding lime 

Based on concentration-
~10 JLg/mL: 15 years, or according to suppraerspecifications 
<1 0 JLg/m_L: 1 year. ·. · · . .. : · · ·: · ~. 

a29n 
Extract within 30 days of 
collection; analyze within 

· 45 days of extraction 

2.a 
Analyze within 60 days of 
collection 

Water- 1 year at 04° C. 
• Solids- 1 yearat<-10°· 

c. 

6 

·.. \ .... -~··~·· ... ,, ..... :~ ........ ' 

\ . .. . 

Validation Initial performance analysis (water): four (4) 1 L afiquots composed of reagent water 
spiked with all analytes: tetra at 200 pg/L, penta -he pta at 1000 pg/L, and octa at 
2000 pg/L. .. ' 

QC Check Sample Blank matrix spiked in the same manner as the validation series. Two (2) are 
analyzed each day of analysis or once per 20 samples whichever is greater. (Only 1 
per day oronce per20 samples Method 1613) 

Revision Date 
April15, 1999 

Appendix3C 
GCJMS ANAL YTJCAL METHODS: OIOXINIFURAN • 
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Appendix 30 

GCIMS ANALYTICAL METHODS: PESTICIDES/PCBs 

Matrices 

Compounds 

Initial Calibration 

Continuing 
Calibration 

Internal Standards 

Standard Solution 
Ufetime 

Holding Time 

groundwater, soil, non water-miscible waste 

See Appendix 20 

5 point minimum, RSO s20%, use average RF 

mid-level standard every 10 samples, ~15% 0 

Decafluorobiphenyl 
2,4,5,6-Tetrachloro-meta-xylene 

Stock Solutions (~1 000 ppm): According to supplier specifications 
Working Solutions {<100 ppm): 6 months 

Extraction: 

Analysis: 

water 7 days from sample collection 
soils 14 days from sample collection 

40 days from extraction 

Validation Initial performance analysis (water): four (4) one L aliquots composed of 
reagent water spikes with all analytes at equivalent of 1 0 and 2 J.Lg/L. 
Results must meet all method criteria. 

QC Check Sample Blank matrix spiked with all analytes, equivalent of 10 and 2 J.Lg/L. Must 
meet all method criteria. Two (2) are analyzed each day of analysis or once 
per 20 samples whichever is greater • 

Revision Date 
April15, 1999 
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Appendix4 

CONTAINERS, PRESERVATIVES AND HOLDING TIMES 

Parameter Matrix Holding time Recommended Preservatived 
Volume 

Volatile• organics Water 14 days from collection two 40 mL glass vials with 4 drops cone. HCI 
Teflon rmed septa, no 4°C 
headspace present 

Soil- Method 14 days from collection 20 g, glass vials with teflon Cool, 4°C 
5035not septa, no headspace present 
available 

Extradableb Water • 7 days from collection 2.0 L in glass bottles Cool, 4°C, Na2S20 3 if 
organics 40 days from extraction residual chlorine 

(80 mg/L) 

Soil 14 days from collection 100 gin glass jar Cool, 4°C 
40 days from extraction 

AOXJTOX Water ~ days but <6 months 250 mL in glass bottle HN03 to pH <2, 
after collection Na2S20 3 if residual 

chlorine present 
{20 mg/250 mL) 

Soil ~3 days but <6 months 50 g in glass jar none 
after collection 

Dioxin Water method specific, see Two 1.0 L aliquots in glass Cooi,4°C 
Appendix 3C bottles 1613- Na2S20 3 if 

residual chlorine 
(80 mg/L) 

Soil method specific. see 100 gin glass jar Cool, 4°C 
Appendix3C 

Metals Water 28 days Hg 0.5 L in glass or plastic HN03to pH <2 
6 months all other metals 

Soil 28 days Hg 50 g in glass jar none 
6 months all other metals 

-r=or SW-846: Free chlorine must be removed prior to addition of HCI by addition of sodium thiosulfate ( Na~031• 
Adjust pH <2 for purgeable aromatic hydrocarbons with H2S04, HCI or solid NaHS04• Adjust pH to 4-5 for acrolein and 
aayfonitrile. 

~or SW-846: Preserve phenols, benzidines, nitrosamines, nitroaromatics and cydic ketones, PAHs, haloethers, 
chlorinated hydrocarbons and pesticides with 0.008% N~03• Nitrosamines, Nitroaromatics, cycfic ketones and PAHs 
should be stored in the dark. Pesticides pH=S-9. 

~or CLP: Dissolved metals require filtration before pH adjustment 

"Preservation temperatures are approximate with an acceptable range of ±2.00 C • 

Revision Date 
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