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Certified Mail# 7014 1820 0001 7489 1485 

June 15, 2015 

Mr. John E. Kieling, Chief 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Bldg 1 
Santa Fe, New Mexico 87505-6303 

RE: RESPONSE TO DISAPPROVAL 

'-1J ENTERED 

NO FURTHER ACTION REPORT AND SUPPLEMENTAL INFORMATION 
WESTERN REFINING SOUTHWEST, INC., GALLUP REFINERY 
EPA ID # NMD000333211 

Dear Mr. Kieling: 

Western Refining Southwest, Inc. ("Western") has prepared the following response to the New 
Mexico Environment Department's ("NMED") comments dated April 13, 2015. Western and 
NMED will schedule a meeting to discuss a path forward. 

General Comments 
NMED Comment 1 
A "Generic Sampling Plan" is referenced in both documents; NMED does not have a copy of the 
"Generic Sampling Plan" or any correspondence indicating approval of such plan in its 
administrative record. Please provide a copy of the "Generic Sampling Plan" for NMED review. 
If an associated approval letter exists, provide the approval letter. 

Western Response 
Please find a copy of the "Generic Sampling Plan" (dated May 17, 1990) and EPA's approval 
letter (dated May 30, 1990) enclosed. 

NMED Comment 2 
NMED's administrative record does not contain an approval letter for the additional sampling 
conducted in 1994. The Environmental Protection Agency (EPA) issued a Notice of Deficiency 
on December 19, 1994, requiring additional information and the Permittee responded on 
January 6, 1995. Please provide the EPA's response to the Permittee's January 1995 response 
to comments. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 3 
The arsenic levels reported for some of the SWMUs in the analytical reports in the Phase I and 
Phase Ill Investigation Reports (specifically, samples from SWMU 10, SWMU 5 with results 
ranging from 4. 3 mglkg to 27.9 mg/kg) for the soil investigations are higher than the current 
residential soil screening level (4.25 mglkg). According to the USGS, McKinley County arsenic 
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levels generally range from 5. 6 to 11 ppm. Because the concentrations of arsenic are 
significantly higher than the maximum concentration of the background range (11 ppm), the 
Permittee must conduct a soil background study to account for the higher levels of arsenic in 
order to reach corrective action complete status. 

Western Response 
A background study was previously conducted during the RFI and the results are included in the 
1991 Phase II RFI Report. The upper tolerance limit (UTL) for the 0 - 5 foot interval was 11.73 
mg/kg and a UTL of 12.23 mg/kg was calculated for soils deeper than 5 feet. Based on 
previous sampling, there may be locations with concentrations of arsenic above background 
concentrations. The important question is whether there are arsenic concentrations in soils that 
exceed health-based screening/remediation levels. 

NMED Comment 4 
Provide data tables which list the SWMUs, the constituents of concern, the analytical results 
(and the chemical analytical methods and detection limits utilized by the laboratory), and the soil 
screening levels for the historic site investigations. Also, please provide the references to the 
documents where the data were obtained. NMED may use information from the data tables as 
part of the statement of basis and public notice for sites that meet corrective action complete 
criteria. If further investigation is required, and the arsenic levels are below applicable soil 
screening levels, then the Permittee may use the new data in addition to the existing data to 
achieve corrective action complete status rather than solely rely on the historic data. 

Western Response 
The requested information is contained in reports prepared for the original Resource 
Conservation and Recovery Act (RCRA) Facility Investigations (RFis), which were previously 
submitted to the Environmental Protection Agency (EPA) and the NMED. The reports are listed 
in the "Western Index" that NMED provided to Montgomery and Andrews (Western's legal 
counsel) in response to their request of November 4, 2011 for a copy of the "work file" that 
NMED had previously referenced when justifying inclusion of new AOCs. In addition, the 
historical analytical results for SMWUs 4, 5 and 10 were recently summarized again in table 
form and provided to NMED in the respective SWMU Investigation Work Plans. It was 
Western's understanding that NMED already had all of this information in the previously 
submitted documents and Western believed NMED was reviewing this information to support 
preparation of NMED's April 13, 2015 letter. 

NMED Comment 5 
The Permittee must discuss the levels of chromium found at several of the SWMUs (RFI10V6.0 
398 mglkg, RFI1005V6.0 4020 mg/kg, RFI0503VO.O 110 mg/kg, RFI0504V3.0 270 mglkg). 
Discuss whether or not chromium VI was used at the refinery at any point, and whether or not 
speciation for chromium was ever performed in order to determine whether the chromium levels 
should be compared to chromium Ill or VI. 

Western Response 
SWMU 10 is currently being investigated and the soil samples will be analyzed for both 
chromium Ill and VI to determine which is present. Regarding the detections of chromium at 
SWMU 5, the valence state is not relevant at this time, as this area has already been capped 
based on the possibility that any constituents (e.g., chromium Ill or VI) were present at 
concentrations above remediation standards. 





Based on information contained in the RCRA Facility Assessment conducted in 1987 chromate 
was used in the cooling water. Western is not knowledgeable of all historic sampling that has 
been conducted at the site; however, Western has not identified historical analytical data that 
indicate chromium was speciated to determine if chromium VI was present. 

NMED Comment 6 
In 1997 or 1998, both the Old Burn Pit (SWMU 4) and the Landfill Areas (SWMU 5) were 
covered by a soil cap and required periodic inspections. Provide documentation demonstrating 
that inspections of the caps were conducted, as required, as well as documentation of the 
inspections to confirm that maintenance activities and repair of the caps and drainage systems 
(when necessary) were implemented. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 7 
The description of sample collection provided in the Additional RFI Sampling (dated October 
1994) indicates that the method used to collect volatile organic compounds (VOC) samples 
likely caused a loss of volatiles. The methods used to collect soil samples were described as, " 
[t]he soil samples were collected in a clean steel pan and were then placed into laboratory 
supplied containers . . . "Based on this description, the samples collected and analyzed during 
the 1994 investigation cannot be used to characterize VOCs at the SWMUs, because the 
analytical results do not accurately represent site conditions. Additional sampling is required to 
fully characterize the SWMUs (see individual SWMU comments for NMEO's sampling 
requirements). The Permittee must ensure that proper sampling methods are employed. 

Western Response 
See the response to Comments 12, 15, 18 and 21. 

NMED Comment 8 
According to the EPA's letter Approval with Modifications RFI Phase I Supplementary Report, 
RFI Phase II Report and the Voluntary Corrective Actions Plans, dated January 1994 and 
another EPA letter titled RCRA Facility Investigation (RFI) Phase Ill Report and Voluntary 
Corrective Action Plan, also dated January 1994 voluntary corrective action (VCA) plans were 
submitted to the EPA regarding the landfills and the sludge pits in December 1992 and March 
1993. The documents are not in NMED's administrative record. Please provide copies of the 
VCA plans. 

Western Response 

The VCA Plans for SWMUs No. 5 and No. 7 are enclosed. The VCA Plan for SWMU No. 4 
could not be located and it is possible, based on the discussion in the SWMU No. 4 Summary 
Report prepared by Practical Environmental Services, Inc. on April 23, 1998, that SWMU No. 4 
was closed following the technical specifications in the SWMU No.5 VCA Plan. 

Western has submitted an open records request to EPA, but have not yet received a response 
as to whether the records are available. We also continue to search our records for the 
requested documents. 





Old Burn Pit (SWMU 4) 
NMED Comment 9 
Provide any and all existing information regarding the disposition of acid soluble oil from the 
alkylation unit after use of the burn pit was terminated. 

Western Response 
After termination of use of the former burn pit, the ASO was placed into the wastewater system 
at the API. This caused problems with globular mass issues and this was discontinued. 
Subsequently, the ASO was disposed off-site through Clean Harbors and it continues to be 
disposed off-site. 

NMED Comment 10 
In the NFA Report, a section titled "Unit Area Characteristics" under the heading "Operating 
Practices (Past and Present)" states, "[a]n old metal box uphill from the pit was used in the past 
to feet [sic] oil through a metal pipe in the burn pit. The area was then covered with soil." 
Discuss whether or not the metal box and pipe were removed from the site and whether or not 
soil samples were collected to determine if there were spills or leaks from the box or pipe. If the 
metal box and pipe were not removed or soil samples have not been collected for appropriate 
chemical analyses, the Permittee must submit a work plan to propose to collect soil samples 
from the location of the metal box and along the pipeline to the burn pit. 

Western Response 
According to interviews with refinery staff, the ASO was transported to the area using a mobile 
tank. An aboveground pipe was used to feed ASO into the burn pit. The pipe was removed 
after the burn pit was no longer used and apparently before the cap was constructed over the 
area. Western has not been able to locate any maps or figures showing the former location of 
the metal pipe, thus it is uncertain if or where soil samples were collected. Because the former 
location is unknown, Western cannot propose to collect soil samples from these unknown 
locations. 

NMED Comment 11 
The NFA Report and Supplemental Information do not provide information on the presence 
(e.g., depth to groundwater) of groundwater beneath SWMU 4. Provide information regarding 
groundwater at SWMU 4. 

Western Response 
OW-13 is one of the closest existing monitoring wells. It is approximately 200 feet east of the 
former burn pit. OW-13 is screened across the Sonsela sandstone at a depth of 78.2 to 98.2 
feet below ground surface. On November 11, 2011 the depth to groundwater was measured at 
22.38 feet below the top of casing for an actual elevation of 6896.57 ft above mean sea level. 
The boring log for OW-13 is enclosed and it shows the Petrified Forest Member (logged as 
shale) at a depth of 6 feet below the land surface and does not record the presence of 
saturation at this shallow depth. 

As part of an unrelated assessment, a soil boring (NDD-3) was recently completed a short 
distance to the north of SWMU No. 4. In this boring, claystone was encountered at 12 feet 
below the land surface. Saturated clayey, gravelly, sand was observed overlying (1 0'-12') the 
claystone and a temporary well completion was installed to facilitate collection of a groundwater 
sample. The analysis of the water sample indicates the presence of low concentrations of 
gasoline and diesel range organics, benzene, 1 ,2-dichloroethane, methyl tert butyl ether, 
isopropylbenzene, and sec-butylbenzene. Methyl tert butyl ether and 1.2-dicloroethane were 





detected at concentrations above screening levels. The laboratory analysis is enclosed along 
with a map and a copy of the field boring log. 

NMED Comment 12 
During investigations in 1992 and 1994 a "black layer" or "asphalt burn residue" layer was 
encountered, but never sampled. The soil boring logs for the 1992 investigation include 
descriptions of a "black layer" encountered in soil boring RF/0402 at 20 inches below ground 
surface (bgs) and at RF/0403 from 2. 5-3.5 feet bgs. The black layer was described as a "black 
layer wlsome tar like material" and "the black layer required steaming, solvent, steaming, and 
then regular washing to get augers and equipment clean." It does not appear that samples were 
collected directly from the black layer- samples were collected from RF/0402 at the ground 
surface and from depths of, 3, and 4. 5 feet bgs, respectively, and from the same intervals in soil 
boring RF/0403. The black layer was not encountered in soil boring RF/0401. The soil sample 
collected from RF/0403 that was within the black layer contained high levels of lead, ethyl 
benzene, total xylenes, and dimethyl phthalate compared to the other soil boring samples. The 
black layer was encountered again during the 1994 investigation and described as "asphalt burn 
residue" at 3.8 feet bgs (RF/0405) and 5 feet bgs (RF/0406); no samples were collected for 
laboratory analysis from that layer. The Permittee must propose to install a soil boring within the 
Bum Pit in accordance with RCRA Permit Section IV.J.2.d (Drilling and Soil, Rock, and 
Sediment Sampling). Ensure that if the "black layer" or "asphalt burn residue" are encountered 
that samples of the black material are collected and analyzed. The "black layer" I "asphalt burn 
residue" presents a potential risk to construction workers and if the cap was not properly 
maintained over the years, a potentia/leaching concern. Soil sample analysis must include 
RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline, diesel and oil range 
organics), methyl tertiary-butyl ether (MTBE}, VOCs, semi-volatile organic compounds 
(SVOCs}, and dioxins and furans. Additionally, the soil boring must be advanced to a depth of 
two feet into the native soil. Soil samples must be collected from the waste/native soil interface 
and from the bottom of the boring. In order to protect the integrity of the soil cap, the Permittee 
must propose to properly abandon the borehole and include a description of proposed 
abandonment procedures in the Work Plan. 

Western Response 

Based on NMED's comment above and the soil descriptions provided in the Phase Ill RFI 
Report, a sample (RFI0403V3.0) of the burn residue was collected and analyzed at boring 
RFI0403, "The soil sample collected from RF/0403 that was within the black layer contained 
high levels of lead, ethyl benzene, total xylenes, and dimethyl phthalate compared to the other 
soil boring samples." In addition to sample RFI0403V3.0, sample RFI0402V3.0 was also 
collected from the burn residue layer. Sample RFI0402V3.0 was collected at a depth of 3.0 feet 
and the sample description for this interval was as follows, "2.5' - 3.25' black layer w/some tar 
like material." 

A cap was previously constructed over this area to address any and all constituents that may 
have been present in the pit due to the historic practice of burning ASO. Western does not 
understand what value or added protection to human health or the environment there is from 
collecting a sample of the material that is already contained beneath the cap. Similarly, there is 
no value of collecting samples of clean soil at deeper intervals beneath the cap. The risk of 
spreading contamination by drilling through the contaminated interval to deeper clean intervals 
certainly does not seem to be warranted considering the value of data: further characterization 





of soils that are already beneath a cap. 

NMED Comment 13 
The soil boring logs from the 1994 investigation for SWMU 4 state that "spent FCC catalyst had 
blown into the low-lying area and was scraped back to reveal original surface for sampling. " 
Discuss whether or not the spent FCC catalyst may have adversely affected the underlying 
soils. 

Western Response 
As shown on the boring logs, apparent catalysts were mixed in the soils at some of the sampling 
locations. If the catalyst had affected the underlying soils, then this would be indicated in the 
sample results. 

Landfill Areas (SWMU 5) 
NMED Comment 14 
Discuss groundwater elevations at SWMU 5. The EPA's Approval with Modifications required 
that the Permittee install deeper borings at the landfill area to: "1) verify that saturated zones 
found in 3 of the 12 deepest soil boring intervals are isolated and are not connected to the 
groundwater; 2) ensure that the vertical delineation of waste emplacement has been identified 
(soil boring logs indicate waste at the 8-9' zone, the deepest samples were at 9.5); and, 3) 
ensure that the vertical extent of metal contamination has been identified (some of the 9. 5' 
samples had elevated metals." In the Additional Sampling Report (1994), the boring logs do not 
indicate whether or not the soils encountered were moist and contain only very general 
descriptions of the lithology encountered; therefore, it is difficult to determine whether or not the 
saturated intervals encountered in the Phase Ill investigation were present and the EPA's 
inquiry cannot be addressed. 

Western Response 
Detailed soil boring logs were included in the Phase Ill RFI and they did clearly indicate the 
degree of saturation within the various lithologic intervals. Copies of these logs for RFI 0513, 
RFI 0514, RFI 0515, RFI 0516, RFI 0517, RFI 0518, and RFI 0519 are enclosed. In addition, 
Western recently completed a soil boring (NDD-2), which was located immediately north of 
SWMU No 5, for an unrelated assessment and groundwater was not found to be present in the 
sediments overlying the claystone/mudstone of the Petrified Forest Member of the Chinle 
Group. A copy of the boring log and a reference map is enclosed. 

NMED Comment 15 
The Permittee must propose to advance one soil boring through the center of each landfill cell 
(for a total of four soil borings). The borings must be advanced to a minimum of two feet into 
native soil. Samples must be collected based on field observations of the waste and soils, from 
the native soil directly below the waste, and from the bottom of the boring. To address the data 
gap discussed in Comment 14, the Permittee must propose (in the Work Plan) to install 
additional soil borings at SWMU 5 and properly log the soil borings to identify soil types and 
saturated intervals. If saturated intervals are encountered, the Permittee must propose to collect 
groundwater samples for chemical analysis, if sufficient water is present. The soil samples must 
be analyzed for RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline-, diesel- and 
oil-range organics), MTBE, VOCs, and SVOCs. The boreholes must be properly logged in 
accordance with Permit Section IV.J.2.d.v and describe any waste encountered. The boreholes 
must a/so be properly abandoned. 





Western Response 
Western does not understand what value or added protection to human health or the 
environment there is from collecting a sample of the material that is already contained beneath 
the cap. Similarly, there is no value of collecting samples of clean soil at deeper intervals 
beneath the cap. The risk of spreading contamination by drilling through the contaminated 
interval to deeper clean intervals certainly does not seem to be warranted considering the value 
of data: further characterization of soils that are already beneath a cap. 

Drainage Ditch and Inactive Landfarm (SWMU 9) 
Comment 16 
Please provide a detailed description of the drainage ditch. The Permittee must describe the 
dimensions of the ditch, the direction of flow, the origin and termination of the flow, the type of 
material the ditch conveyed, and whether or not soil or sludge samples were collected from 
within the ditch. 

Western Response 
Please see the enclosed aenal map that shows the location of the subject drainage ditch. The 
ditch picks up stormwater on the northeast side of the refinery from locations outside 
containment (e.g., the bullet tanks that store gases under standard temperature and pressure). 
It extends in a northerly direction for approximately 600 feet before it crosses a dirt road that 
runs on refinery property to the north of the tank farm and then the ditch bifurcates with some 
flow continuing to the northeast and the rest in a westerly direction. The drainage ditch is not 
part of the actual area used for landfarming operations but is just west of the western boundary 
of the landfarm. The width of the ditch varies from approximately 12' to 22' and the depth varies 
from 2' to 3'. 

Soil samples were collected along the ditch at locations RFI0901, RFI0902, and RFI0903. Soil 
samples were collected from depths of 0-0.5', 3'-3.5', 5'-5.5', and 7'-7.5' at all three of the 
borings located within the drainage ditch. The collection and analysis of soil samples at SWMU 
No. 9 is discussed in the Phase I RFI Report dated April 8, 1991. 

Comment 17 
Provide a more detailed description of activities conducted at the landfarm. Specifically, discuss 
whether or not the soil was tilled, the depth of tilling, and the frequency of tilling. 

Western Response 
The inactive landfarm was operated from 1958 through 1975. Based on information provided in 
the 1987 RFA, the materials (e.g., API Separator sludge, tanks bottoms, waste oils, and slop oil) 
placed in the inactive landfarm were incorporated into the upper 12 inches. The frequency of 
tilling is unknown. 





Comment 18 
The description of soil sample collection during the Phase I investigation does not include a 
description of the field methods used to collect soil samples. The sampling methods are 
described in the Phase I Report as follows: "[t]he first sample was taken with an open end 
auger. The backhoe dug down 3' where we took the next sample with the closed end auger. 
Then the backhoe dug to 5' where we sampled with an open end auger. Again the backhoe dug 
down to 7' where we took a sample with open end auger." SWMU 9 was not investigated further 
after the Phase I investigation. The Permittee must provide a description demonstrating that the 
samples were collected appropriately in accordance with RCRA Permit Section IV.J.2.d.ii (Soil 
and Rock Sampling); otherwise, additional sampling may be required. 

Western Response 
The soil samples were collected in accordance with the investigation work plan that was 
approved for the Phase I investigation (see Section 3.4.2.2 below from the Generic Sampling 
Plan dated May 17, 1990). The requirements of RCRA Permit referenced by NMED were not in 
effect at the time of the data collection for the earlier RFI. 

3. 4. 2. 2 Hand Augers 
Manual soil probes, referred to as hand augers, may be used to collect samples up to several 
feet in depth, depending upon soil conditions. The soil sampler tube will be of stainless steel 
construction. The tube has a T-shaped handle which is used to push or auger the tube into the 
ground. When the tube has been filled with soil to the desired depth of sampling, it is removed 
and the soil sample extruded from the tube. The sample is placed in the appropriate sample 
bottles for delivery to the laboratory. Samples may be collected by using the combination of a 
backhoe and hand auger. This will be accomplished by using the backhoe to excavate the area 
where samples will be collected. A hand auger will then be used to bore horizontal soil cores at 
the desired sample depths. Vertical samples may also be collected from the bottom of the 
excavated area. 

The Phase I investigation report does include a description of the sample collection activities, as 
quoted above. A backhoe was used to remove overburden material to facilitate collection of a 
discrete soil sample at the target depth using a hand auger. This is a common method of soil 
sample collection, which allows for collection of discrete soil samples without the extreme labor 
required to auger to deeper intervals and this method also eliminates the difficultly of collecting 
samples at depth that may otherwise contain "fluff" material that falls to the bottom of the 
borehole when using hand augers. 

Comment 19 
Discuss whether or not the landfarm area is demarcated (i.e., with signs or fencing) and whether 
or not the area was or is currently used for any other activities since its closure. 

Western Response 
The landfarm is not demarcated with signs or fencing. The area is not currently in use and has 
not been used since its closure with exception of the liquefied petroleum gas (LPG) tank for 
blow-down. A steel box structure and connected steel blow-down tank were recently removed 
from service and excavated on September 15, 2014. The steel box measured approximately 4 
feet on all three sides. The steel tank is cylindrical in shape with a diameter of approximately 9 
feet and length of 15 feet. Information regarding the removal activities will be provided to NMED 
under separate cover. 





Sludge Pits (SWMU 1 0) 
Comment20 
The Permittee does not present any information regarding the presence of groundwater beneath 
the SWMU The Permittee must discuss the groundwater table depth and groundwater 
conditions at SWMU 10. 

Western Response 
The groundwater conditions at SWMU 10 are currently being investigated and the information 
will be included in the Site Investigation Report, which is due by March 8, 2016. 

Comment 21 
It appears that when the sludge pits were excavated, only a portion of the sludge was removed 
from the pit. The Permittee must provide the depths of the pits. The pits contained listed 
hazardous waste: API Separator Sludge (K051) and Slop Oil Emulsified Solids (K049). 
Additionally, a SVOC, Di-n-butyl phthalate, was detected at concentrations of 11 uglkg at a 
depth 20-25' below ground surface (bgs) during the additional investigation; however, no VOCs 
were detected. In an Approval with Modifications letter dated January 1994, the EPA expressed 
concern regarding the presence of the SVOC at depth. In addition to the presence of a SVOC at 
depth, it appears that VOC sampling was conducted improperly during the Additional 
Investigation (1994) (see Comment 7). VOCs are a component of K051 and K049 wastes, 
which were disposed of in the pits. Submit a Work Plan proposing to conduct additional soil 
sampling to complete characterization (specifically, VOC and SVOC contamination) of the 
SWMU and to determine whether there is potential for contaminant migration. 

Western Response 
An Investigation Work Plan for SWMU 10 was previously submitted to NMED and approved with 
modifications on March 2, 2015. This work plan is currently being implemented and the 
resulting information will be submitted to NMED as noted above in response to comment no. 20. 

Comment22 
Discuss the amount of sludge removed from the pit and where the sludge was disposed, if 
known. Discuss whether or not the overflow pipe from the pit was removed and identify the pipe 
location and outfall. 

Western Response 
Western could not find documentation on the amount of sludge removed from the pits. Based 
on a review of historical records, including the 1985 Discharge Plan Application and the 1987 
RFA Report, it appears most likely that the sludge removed from the pits in 1980 was moved to 
the now closed Land Treatment Unit. 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds (SWMU 13) 
Comment23 
Discuss whether or not the drainage ditch is still in use. If it is not in use, please provide the 
dates of operation. If it is still in use, describe the influent source. Provide a figure depicting the 
location of the ditch with the API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds labeled and any other identifying features marked (e.g., roads, above ground and below 
ground pipelines, buildings, tanks). 





Western Response 
The drainage ditch is currently only used to convey non-contact storm water and does not 
receive flows from the evaporation ponds. In response to NMED's request for historical 
information, Western was able to find a figure and description from the 1985 Discharge Plan 
Application. Figure 6-1 depicts the location of SWMU 13 relative to the evaporation ponds at 
that time. This figure and description are enclosed. 

Comment24 
Discuss whether or not the five-year sampling required by the EPA (Approval with 
Modifications dated January 7, 1994) was conducted. If so, reference the documents where the 
results were reported. If the sampling was discontinued, provide documentation demonstrating 
that termination of the sampling was approved by either EPA or NMED. Also, please provide 
additional information as to whether or not samples of the sludge or sediments that accumulated 
in the ditch were ever collected for laboratory analysis to allow the NMED to evaluate the 
adequacy of the previous analytical suites. 

Western Response 
The first five-year sampling was conducted on October 23 and 24, 1996 and this information 
was provided in a RFI Quarterly Progress Report that covered the 4Qtr of 1996 and 1st Qtr of 
1997. This RFI Quarterly Progress report was submitted to EPA and NMED on March 20, 1997. 
No volatile or semi-volatile constituents were detected in the soil samples and metals were 
found at only low concentrations similar to or lower than those found during the original RFI. 

Based on the findings of both the original RFI and five-year sampling showing no releases, 
Giant submitted a technical request for a NFA determination in 2001. Thus no further five-year 
sampling was conducted pending receipt of NMED's response to the 2001 submittal. 

Comment 25 
The Supplemental Information that is the subject of this Disapproval was supposed to contain 
an Appendix L, addressing SWMU 13. The submittal did not include the Appendix L. Please 
provide the information that was supposed to be Appendix L. 

Western Response 
Western has not yet been able to locate Appendix L of the Supplemental Information dated 
October 2, 2002. The following information was referenced to have been included in Appendix L 
and should be satisfactory. 

Enclosed is an updated site plan and borings logs from sampling conducted in 1991. An 
updated site plan showing the location of SWMU 13 is enclosed along with site maps showing 
the boring locations from sampling completed in 1991 and 1996. The soil descriptions for the 
1991 sampling are also enclosed. The borings conducted in 1996 were completed in similar 
locations to those completed in 1991 and new soil descriptions do not appear to have been 
provided in the RCRA Quarterly Progress Report for the 41

h Qtr 2006/1 51 Qtr 2007 in which the 
chemical analyses were presented. 





If there are any questions regarding the investigation work plan, please contact Ed Riege at 
(505) 722-0217. 

Certification 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision according to a system designed to assure that qualified personnel 
property gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

Mr. William Carl McClain 
Refinery Manager 
Western Refining Southwest, Inc.- Gallup Refinery 

cc D. Cobrain NMED HWB without enclosure 
K. Van Horn, NMED HWB without enclosure 
C. Chavez, OCD 
A Allen, Western Refining El Paso 
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1.0 INTRODUCTION 

It is essential to assure that data generated during 

the Giant Refinery RCRA Facilities Investigation (RFI) are 

valid. For data to be valid, it must be supported by 

documented procedures so that it can be used with the 

appropriate level of confidence to support decisions 

regarding the need for, and design of, subsequent monitoring 

and remediation activities. 

Through the development and implementation of a 

comprehensive sample collection plan, all parties involved 

can consistently strive to achieve data of known and 

acceptable quality. In order to achieve the data quality 

objective, the generic sampling plan includes specific 

Quality Assurance (QA) and Quality Control (QC) procedures 

to: 

Define responsibilities 

Define sampling and analytical techniques 

Confirm and document correct sample identity 

Establish precision and accuracy of reported data 

Establish detection limits for constituents of 

concern 
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Establish any bias arising from 

analytical activities 

sampling or 

Documentation of all analytical steps in 

determining constituent concentrations 

The QA/QC program outlined in this manual must be 

adhered to during all data collection activities. Before 

initiating any sample collection activities which are not 

specifically mentioned in this document, it is imperative to 

verify that the level of data quality sought (especially in 

regard to sampling and analytical techniques) is sufficient 

for its intended use. 

It is important to remember that QA/QC is a dynamic 

process, therefore this plan is subject to periodic updates. 

One must also remember that data quality needs may vary, 

depending upon the intended use. This document outlines 

QA/QC procedures designed to meet or exceed US EPA and N~w 

Mexico Environmental Improvements Division guidelines for 

monitoring at RCRA facilities. 

In addition, an important use of this document is in 

the area of training new personnel in order to maintain a 

constant high level of data quality. Appendix A contains 

useful information. 

2 



2.0 RESPONSIBILITIES 

original Date 05/31/89 
Revision Date 12/15/89 

The importance of defining responsibilities for the 

implementation of the procedures cannot be stressed enough. 

Each individual involved with the RFI program must clearly 

understand herjhis responsibilities so the procedures 

detailed in this document will be conducted successfully and 

efficiently. 

2.1 RFI Project Manager 

Maintain information for the data collection 

program 

Set up sampling program that complies with 

regulatory requirements 

Schedule all sampling events 

Review analytical results and submit to proper 

agencies 

Interact with contractors involved in RFI 

QA/QC report to management 

Determine need to re-sample 
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2.2 QA/QC Manager 

Notify contract lab of sampling schedule 

Review all data for validity 

Determine analytical methods 

2.3 RFI Sampling Personnel 

2.3.1 General 

Follow all procedures in this manual to prevent 

contamination of samples or sampling locations 

Collect samples as prescribed in the site 

specific sampling plan 

Inventory sample bottles and preservatives 

Affix labels to sample bottles 

Notify QA/QC manager if there are any problems 

with bottle order 

Maintain all sampling equipment 

Calibrate field instruments 

2.3.2 Ground Water sampling 

Inspect all wells for integrity and notify 

project manager of any problems. 
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Perform field 

temperature 
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measurements, pH, conductivity, 

Determine water level elevations 

Check wells for immiscible layers 

Evacuate wells and collect samples 

Field filter samples as required 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

Prepare equipment and field blanks 

2.3.3 Soil Sampling 

Collect site specific soil samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.4 surface Water 

Collect site specific surface water samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 
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2.3.5 Air sampling 

Original Date 05/31/89 
Revision Date 12/15/89 

Collect site specific air samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.6 Sample Transfer 

Complete chain of custody form 

Make sure samples are packed securely and are 

maintained at 4°C prior to sample pick-up by 

laboratory 

Relinquish samples to the contract laboratory 

Input sample results into RFI data base 

2.4 Contract Laboratory 

Provide high quality ar.~lytical services in 

conjunction with the RFI sampling program 

Assure that all data generated is supported by 

adequate documentation and QA/QC procedures that 

meet EID and EPA requirements for RCRA analyses 

Provide sample containers and coolers upon request 

Maintain Standard Operating Procedures (S.O.P. 's) 

for all analytical methods performed 
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Utilize only EPA approved methods for all analyses 

Assure that technical personnel performing 

analyses are qualified and adequately trained 

Provide feedback to Giant regarding analytical 

method limitations and quality control data 

pertinent to the program 
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3.0 SAMPLING PROCEDURES 
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Revision Date 12/15/89 

Sampling can be divided into four distinct stages: 

Preparation, Pre-Sampling Operations, Sampling, and 

Post-sampling Operations. 

3.1 Preparation 

Preparation for a sample collection event should be 

initiated two weeks prior to the anticipated sample 

collection date whenever possible. This will assure that 

the sample collection can proceed in an organized and 

efficient manner. Preparation is one of the most important 

steps since it defines the scope of the sampling event. 

The contract laboratory will be notified of the 

proposed sampling schedule at the beginning of each RFI 

investigation. The purpose of sharing the sampling schedule 

with the contract laboratory is to allow the laboratory to 

adjust its personnel needs to meet the demands of the 

sampling requirements. Sampling frequencies for specific 

sites will be contained in the site specific RFI work plans. 

Two weeks prior to sampling, the sample collector will 

arrange for delivery of sample bottles from the contract 
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The laboratory will sort the bottles into sets prior 

to placing them into the coolers. The bottles will be 

delivered to Giant and stored in a secure area prior to the 

sampling event. 

The sampling personnel will inventory the bottles to 

verify receipt of all bottles. Sampling personnel will 

notify the laboratory of any discrepancies between the 

requested bottles and the contents received. Labels will be 

affixed to each bottle. It is imperative that the 

preservative listed on the label match the preservative 

label placed on the sample bottle by the contract lab. 

The day before sampling, the sampling personnel should 

review the pertinent field checklist (Table 1 for surface 

and ground water, Table 2 for soil and sludge, and Table 3 

for air) to assure all equipment is available, operational, 

and calibrated if necessary. All rechargeable batteries are 

to be fully charged. Any other battery operated equipment 

should be checked for adequate power level and the batteries 

replaced if necessary. Decontamination supplies (gloves, 

distilled water, etc.) should be inventoried. 
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TABLE 1 

Field Equipment Checklist 

Surface and Ground Water Sampling 

ITEM 

pH Meter 
pH Buffers 
Conductivity Meter 
Conductivity Standard 
Thermometer 
Water Level Indicator 
PID Meter 

Bailers 
2 11 Well 
4 11 Well 

Hand Calculator 
Site Map With Well Locations 
Well Keys 

REMARKS 

Calibrated 

Calibrated 

Battery Checked 
Calibrated 

Decontaminated 
Decontaminated 

Sample Bottles and Additional Preservatives 
Ice Chests 
Trip Blanks 
Methanol 
Deionized W~ter 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and Sample Record Forms 
Tape Measure (0.01 feet increments) 
Plastic Bags (to provide clean surfaces) (1 per well) 
Watch With Second Hand 
(2) 5 Gallon Buckets 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 Gallon 
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TABLE 2 

Field Equipment Checklist 
Soil and Sludge Sampling 

ITEM 

PID Meter 
site specific SWMU Work Plan 
Generic Sampling Plan 
Site Map With Sample Locations 
Sample Bottles 
Ice Chests 
Trip Blanks 
Methanol 
Deionized Water 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and sample Record Forms 
Plastic Bags (to provide clean surfaces) 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 gallon 

REMARKS 

Calibrated 



TABLE 3 

original Date 05/31/89 
Revision Date 12/15/89 

Field Equipment Checklist 
Air Monitoring 

Ten ax 
Tubing 

ITEM 

Pumps (+ spare) 
Sampler mounting 
Batteries 
Timer (with alarm) 
Record Log Book 
Labels 
Chain-of-custody certificates 
Wind monitoring system 
Wind system mounting bracket 
Wind recording system 
Connector cables 

REMARKS 

Tripod mount for wind system - with anchor stakes 
Compass 
Level 
Sling psychrometer 
Ice Bath 
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3.2 Pre-Sampling Operations 

This section describes the activities which occur 

prior to the actual collection of the sample. 

3.2.1 Calibration of Field Instruments 

Before the start of water sampling, calibrate pH and 

conductivity meters according to procedures described in 

Section 8. Take pH and conductivity standards along for 

calibration verification and field re-calibration as 

required. Obtain a copy of the monitoring well sample 

record and chain of custody record from the files. 

3.2.2 Ice 

If Blue Ice is unavailable, ice should be obtained and 

placed in 1-gallon Zip-Lock bags, and placed in the 

cooler(s) before departing the lab. If Blue Ice is used, 

remove it from the freezer and place in the ice chest(s). 

3.2.3 Sample Record 

A sample record is needed for each sampling event. 

The following information should be recorded in the field 
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notes: 

Location of sampling 

Sample identification 

Date and time of sampling 

Sample collection method 

Field measurements 

Original Date 05/31/89 
Revision Date 12/15/89 

Other comments and observations 

It is important that during each sampling event that 

specific observations regarding site conditions be 

recorded. These observations include: 

Weather conditions and wind direction 

Physical surroundings (high weeds, standing 

water, nearby activities) 

Evidence of external contamination 

Odors or color abnormalities 

3.3 Fluid Sample Collection 

3.3.1 Field Observations and Measurements 

All ground water sampling information is to be 
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recorded on the monitoring well sampling form (Figure 1) . 

3.3.1.1 Well Condition 

Observations regarding the well condition include: 

Condition of well identification markings 

Condition of lock 

Condition of well cap 

Condition of concrete pad 

Sediment in the well 

Obstructions 

The ground water sampling personnel should notify the 

RFI manager of any deficiencies noted in the well 

integrity. If the well is damaged, it will be repaired. If 

the damage is so extensive· that the well integrity cannot be 

restored, the well will be plugged and a new well 

installed. If the well screen is found to be blocked or 

partially blocked with sediment, the well will be 

redeveloped prior to any sampling activities. 

3.3.1.2 Fluid Level Measurements 

Upon arrival at the unit to be sampled, obtain static 
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Job Nuroer -----
Locstico 
Oate 
\Jeather 

\/ell 

NU!ber Uater Level 

Total Depth, TOC, ft ----
Depth to Uater, TOC, ft ___ 

Length of \later Colum ---

Total Depth, TOC, ft ----
Depth to Uater, TOC, It -----
Length of Uater Colum ---

Total Depth, TOC, ft -----
Depth to \later, TOC, ft _____ 

Length of Vater Colum -----

Total Oepth, TOC, ft ----
Depth to \later, TOC, ft _____ 

Length of \later Colum ___ 

Total Depth, TOC, ft -----
Depth to \later, TOC, ft. _____ 

Length of \later Colum ____ 

Grotnd Uater Honi taring 

Sarrpte Record 

Giant ReFinery 
Gallup, New Mexico NOTE: 

Purpose ------------------------------------

•' 
Total 
Purged Senple 

CasiM Storeoe Pur~e Time (gal) Time cit 

Cash~ D lam _____ Begin Purge ____ 

1 Casing Vol (gal) End Purge ___ ---- ---
--- Dry Y N 

casing Diem _____ Begin Purge ____ 

1 casing Vol (gal) Erd Purge ___ ---- ---
--- Dry Y N 

Casing Diem ____ Beg in Purge _____ 

1 casing Vol (gal) Erd Purge ___ ---- ---. --- Dry Y N 

Casing Olam _____ Begin Purge ____ 

1 Casing Vol (gal) Erd Purge ___ ------- ---
--- Dry Y N 

Cosing Diem ___ Begin Purge _____ 

1 Casing Vol (gal) Erd Purge ___ ------ ---
--- Dry Y N 

F I G U R E 

2-in Sch 40=0.163 ga1/ft or 0.2 
4.:..in ·Sch 40=Q.653 ga1/ft or 0.7 
5-in scih 40=1.020 gaJ./ft or 1.0 

SIOilJle 
Collection 

Teno Cond Method 

.. 
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flu~d level measurement for each well to be sampled pr~or tc 

any evacuation. 

following steps: 

Remove each well cap and perform the 

1) Air ~n the well head will be sampled for organic 

vapors. The well cap will be partially removed 

and a PID read~ng will be taken of the air 

escaping the well head. 

2> Between each well, decontaminate the probe of the 

water level ind~cator following the procedures 

listed ~n Section 5.0. 

3> Slowly lower the probe into the well until the 

light comes on. 

4) By moving the probe up and down <light on, light 

off>, it is possible to accurately locate the air

fluid interrace. 

5) The water level w~ll be indicated by a constant 

light. 

6} With a r~nger, mark this position on the cable, 

using the surveyed elevation mark at the top a% 

the casing <T.o.c.} as the measurement point. 
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Record the measurement on the ground water 

monitoring sample record to the nearest 0.01 foot. 

3.3.1.3 Depth of Well Measurements 

Measure the total depth of the well by dropping the 

weighted probe to the bottom of the well. 

After the static water level measurement is 

obtained, lower the probe until it reaches the 

bottom of the well. 

Slowly pull up the probe until the slack is gone 

and a slight tension is felt. 

Raise the probe up and down slowly until a "feel" 

for the bottom of the well is established. 

Measure the depth of the well from the cable at 

the same elevation point as the water level 

measurement. 

All measurements should be to the nearest 0.01 

foot. 

Record measurement on the ground water monitoring 

sample record. 

After each well reading is completed, thoroughly 

decontaminate the probe following the procedures 

listed in Section 5.0. 
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3.3.1.4 Purge Volume Calculations 

In order to assure that the sample collected is indeed 

representative of actual aquifer conditions, it is necessary 

to purge the well of stagnant water in the casing. This is 

accomplished by bailing or evacuating three casing volumes 

of water from the well or until it is bailed dry, whichever 

comes first. If a well can be bailed dry, it requires 

sufficient time to elapse for an adequate volume of water to 

accumulate for the sampling event. 
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The casing volume is calculated according to the 

following formula: 

One Casing Volume = L x F where 

L = Length of water column = Total Depth - Depth to 

Water 

F = Gallons/Foot based upon well casing diameter 

For 2" wells, F = 0.2 gallons/foot 

For 4 11 wells, F = 0.7 gallonsjfoot 

For 5 11 wells, F = 1.0 gallons/foot 

The volume to be purged from each well is calculated 

as follows: 

Example: 

Purge Volume Casing Volume x 3 

Total Depth, T.O.C. = 25.01 ft 

Depth to Water, T.O.C. = 15.01 ft 

Length of Water Column 25.01-15.01 = 10.00 ft 

casing Diameter = 4 11 = 0.7 gallonsjfoot 

Casing Volume = 0.7 gal.jft x 10 ft = 7 gal. 

Purge Volume = 7 x 3 = 21 gallons 
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3.3.1.5 Well Evacuat~on 

Before sample collect~on can beg~n, the water 

collected rrom the mon~tor~ng well must be fresh aqu~rer 

water. Well evacuat~on replaces stagnant well water w~th 

representative aquifer water. An ~nterface probe will be 

used to measure the water level ~n the well, the total depth 

or the well, and measure the th~ckness of rloat~ng product, 

if present. A ba~ler may be used to check for the visual 

presence and measure the thickness of float~ng product. I~ 

product ~s present, a ground water sample is typically not 

obtained. 

Wells are evacuated by handbail~ng or by pumping. 

The actual method of evacuat~on is based upon s~te 

conditions. Each of the methods are discussed below. 

In low yielding wells, the standing water will be 

removed unt~l the well is essentially dry. The water level 

in the well will be allowed to recover until a sufficient 

volume is present to obtain a sample. 

The first sample should be tested ~or pH, 

temperature, and specific conductance. Samples should then 

be collected and containerized ~n the order o% the 

parameter's 
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vo~sti~lzation sensitivity (See Section 3.3.2.4>. 'fhe well 

shou~d be retested ~or pH, temperature and specl~ic 

conductance after samp~ing as a measure or purging 

efficiencey and as a check on the stability of the water 

samp~es over time. A!~ well evacuation information shou~d 

be recorded on the Ground Water Monitoring Sample Record 

<Figure 1). 

3. 3. 1. :5. 1 

Hand bailing is conducted by lowering a 'fef~on<TM> or 

stain~ess steel bai~er slowly into the well, allowing water 

to enter the bailer, and lifting the collected vater out of 

the well. The bailer is positioned just below the top of 

the standing water in the well, so that the bailed water is 

removed from the top of the water column. 

three standing well vo~umes are removed. 

A minimum ot:' 

When using a bailer to evacuate a well, place a new trash 

can liner in a 5-gallon bucket so that as the bailer is 

lowered and raised, the rope stays in the bucket and does 

not contact the ground. 
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1) New rope shou~d be used at each well when us~ng 

non-ded~cated ba~lers. 

2t New d~sposable gloves should be worn at each well. 

3) The ba~ler should be empt~ed ~nto a 5-gallon 

bucket each t~me ~t ~s raised so that the volume 

of water evacuated can be measured. 

4> Lower the ba~ler slowly into the well unt~l it 

contacts the water. 

5) Allow the ba~ler to %~11 and ra~se ~t. 

6) Empty the bai~er ~nto the 5-gallon bucket. 

3.3.1.5.2 Pumping 

A Well W~zard is a pneumatic pump used to remove water 

%rom the well. During sample collection a maximum flow 

rate of 100 milliliters/minute (0,03 gal/min> should be 

used. The actual r~ow rate should be measured using a 

graduated container and timed using a watch with a 

second hand. This rate can change as the water level 

in the well drops. 
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The flow rate can be calculated by: 

Flow Rate, gpm = Volume Collected (gallons) x 60 sec 
# seconds to fill container 

If a gasoline generated engine is used, place the 

engine at least 10 feet downwind from the well to 

eliminate sample contamination from the exhaust. 

Wells MW-1, 2, 4, 5 and OW-11 will be evacuated 

using a well wizard pump. 

3.3.2 Monitor Well Sampling 

3.3.2.1 Collection of Light Immiscible Layers 
(Floaters) 

The floater must be collected prior to any purging 

activities. If the thickness of the floater is two feet or 

greater, a bottom valve bailer will be used. 

When the thickness of the floating layer is less than 

two feet, then the bailer will be modified to allow filling 

only from the top. The bottom check valve will be 

disassembled and modified to allow filling only from the 

top. A Teflon™ sheet is placed between the ball and ball 

seat to seal off the bottom value. The ball from the top 

check valve is removed to allow the samples to enter from 
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the top. To overcame buoancy a stainless steel pipe is 

placed on the retrieval ~ine above the bailer. The bailer 

should be lowered to one-hai~ thickness or the ~ioeting 

layer and the sample collected. 

3.3.2.2 Collection of Heavy Immiscibies CS~nker) 

The bailer will be lowered to the bottom a~ the well and 

remain there for a rew minutes before removing the bailer 

out or the well. 

3.3.2.3 Bottle Filling Procedure 

1~ the well was not bailed dry and the water level is 

recovering to provide su~£icient water to fill all or the 

sample bottles, then samples should be collected 

immediately. If the well was completely evacuated and /or 

recovery is slow, wait for a sufficient volume or water to 

recover in the well to fill all or the sample battles before 

beginning to collect samples. 

Do nat over flow the bottles when fill~ng them as this 

will dllute the preservative. 
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When ~illing VOA and TOK containers, slowly %111 the 

container until the meniscus is just above the lip of the 

container. Place the cap <Teflon <TMJ side towards sample> 

on the container and tighten. Check for air bubbles by 

inverting the container and tapping gently. There should be 

~Q headspace (air) in the container. IX headspace is 

present the sample should be discarded and the container 

refilled. <Note: If the sample is d~scarded, additional 

preservative will need to be added to the container. > 

Do not touch the inside of the bottle cap. Caps should 

never be placed an the ground. IX a cap is accidentally 

dropped, it should be rinsed with deionized water followed 

by a rinse with the sample prior to being placed on the 

bottle. Note in the field notes 1% this occurs. 

Replace the well cap and lock the well. 
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3.3.2.4 Order of Collect~on 

SampLe bottLes should be f~lled in the order l~sted 

below: 

Volat~le Organ~as 

TOX 

Toe, Phenols, Nitrate, 

Ammcm~a 

ExtractabLe Organics 

Chloride and Sulfate 

cynede 

Radionuc~lides 

VOA vials/ Septa cap of 
TefLon <TM) material 

Pint amber glass/Septa 
cap, H2S04 

Quart gLass H2S04 

Quart glass/TFE 

Quart plastic, none 

Quart glass, NaOH 

Quart pLast~c, HN03 

Metals Pint pLastic 

3.3.2.5 FiLtrat~on 

Ground water samples may require filtering pr~or to 

metals analysis. The %~1tering of samples is performed with 

0.45 micron filter paper when anaLyzing for dissolved 

metals. The sample is not filtered if analyzing rar total 

meta.Ls. The liquid is preserved with nitric acid when 

analyzing for metals. 
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3.3.2.6 Disposition or Fluids 

Excess sample water Cwith the bailed water> will be 

retained in drums on the site until the analytical results 

determine ir the water is contaminated. rr the analytical 

results indicate that the waters need no special handling, 

the water will be discharged into the wastewater treatment 

system onsite. When the purged water is deemed s hazardous 

material, it will be drummed and disposed properly. The 

amount o~ water ~rom the decontamination e~~ort is expected 

to be relatively small. This water will be disposed o~ in 

the Giant Re~inery wastewater treatment plant system. 
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3.4 Soil Sampling 

3.4.1 Soil Sampling Locations and Techniques 

The purpose of the soil sampling plan is to initially 

determine if a release has occurred at a particular Solid 

Waste Management Unit (SWMU). If the soil sample results 

indicate a significant release, then additional soil 

sampling locations and/or the installation of wells adjacent 

to the particular SWMU will be required. 

Soil sampling locations will be selected in order to 

adequately determine if a release has occurred. The number 

and depth of each soil sampling location will be specified 

in each SWMU Site-Specific Facility Investigation Work Plan. 

The choice of which sampling technique to be used will 

be determined on the basis of a number of factors; such as 

depth of the sample to be collected and the composition of 

the material to be sampled. 

3.4.2 Surficial sampling 

3.4.2.1 Shovels, Spatulas and Scoops 

Surface grab samples may be obtained with shovels, 

spatulas, or scoops. These implements will be of stainless 
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etee~e construction 1£ avai~ab~e. Grab samp~es are an 

efficient co~lection technique and the samples may be 

indicative of the range or contamination at the site. 

3.4.2.2 Hand Augers 

Manual soil probes, referred to as hand augers, may be 

used to collect samples up to several feet in depth, 

depending upon sail conditions. The soi~ samp~er tube will 

be or stain~ess stee~ construction. The tube has a T-ahaped 

handle which is used to push or auger the tube into the 

ground. When the tube has been fi~led with soil to the 

desired depth or samp~ing, it is removed and ·the soil samp~e 

extruded £rom the tube. The samp~e is p~aced in the 

appropriate samp~e bott~es for de~ivery to the ~aboratory. 

Samples may be co~lected by using the combination or a 

backhoe and hand auger. This wi~l be accomplished by using 

the backhoe to excavate the area where samples will be 

collected. A hand auger will then be used to bore 

horizontal soil cores at the desired sample depths. 

Verticle samples may also be co!~ected from the bottom or 

the excavated area. 
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3.4.3 Boreholes/Care Samples 

Boreholes ror samples w~ll be advanced by a dr~ll~ng 

r~g employ~ng hollow stem augers. 

campos~t~ng or so~l sempl~ng. 

There will be no 

Core samplers are used in conjunction w~th hallow-stem 

augers to collect sa~l samples from depths wh~ch cannot be 

reached by a soil probe. Samples are collected by remov~ng 

the stem or the auger and inserting a core sampler. three 

types or core samples which may be used in the RFI are 

described below. 

3.4.3.1 Shelby Tube 

A Shelby tube is a metal cylinder with sharpened ends 

rar cutting ~nto the soil. The tube ~s pushed into the sa~l 

by applying downward pressure from a drilling r~g or other 

apparatus. Shelby tubes will be or ste~nless steel 

construction. Shelby tubes will nat be used in loose sails 

because the sail will fall out or the tube during removal or 

the tube. The sail will be extruded rrom the tube and a 

sample collected at the desired point of the core. The 

sample will be placed into a w~de-mouth jar ror chemical 

analysis. Alternatively, the ends or the tube may be capped 

and the entire core transported ~ntect, depend~ng upon the 

nature of the analyses to be performed. 
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3.4.3.2 Spl~t-Spoon Samplers 

A spl~t spoon cons~sts or a hollow steel cyl~nder split 

~n half and screwed ~nto an outer tube and tip. The split-

spoon is typically ~hammered" ~nto the so~l. Af~er the tube 

is pulled from the soil, the soil cylinder is removed from 

the drill rod and opened to remove the soil core. 

spoons will be used for obtaining samples of unconsolidated 

soil and may also be used to penetrate some types or rock. 

3.4.3.3 ~F~ve Foot CME Tubesw 

A five foot CME tube is a 3-1/2 inch d~ameter spl~t 

core barrel which is placed ~nto the lead auger. The tube 

is pushed into the soil at the same drilling rate as the 

augers. After the tube is pulled from the soil, it is 

detached from the dr~ll rod and opened to remove the soil 

core. CHE tubes w~ll be used for obtaining samples or 

consolidated so~l and used to penetrate some types or rock. 

3.4.4 Soil Sampling Screening Techniques 

F~eld instruments are useful to provide a limited 

degree of ons1te characterization of soil contamination. A 

photo-ionization detection meter CPID> will be used to 

screen ror volatiles. The PID meter w~ll be cal~brated to 
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benzene. Ott1er methods for so~L screen~ng w~~L ~nclude 

v~sual signs o% contamination and/ or noticeable odors. 

3.4.~ Lithologic Logg~ng 

Deta~led logs will be mainta~ned ror each boring. 

L~sted below is a general descr~ption of soils to be used to 

descr~be their physical characterist~cs: 

lt L~thology 

2> Color Cadject~ves -light, dark, mottled, mixed} 

3> Size C~ine, medium, coarse) 

4) Moisture Cdry, moist, wett 

5) Odor <or no odor) 

6) Other descriptive terms: 

a. Lens <. 1 inch 

b. Layer ~ 1 inch 

c. Interbedded 

d. Slickensided-soils having inclined planes a£ 

weakness, glossy in appearance 

3.4.6 Disposition of Soils 

All drill cuttings generated by borehole advancement 

for soil samples will be placed beck in the hole or 

collected and containerized at each SWHU. Following receipt 

of the analytical results %rom each BWMU the containerized 

soils will be transported to the land treatment area at 
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Oiant Refinery. Soi~s p~eced back in the bore holes or 

excavated area must be compacted with a probe or the 

backhoe unit used ~or excavation. If the dri~~ cuttings 

must be taken to another regu~ated ~acility, appropriate 

laboratory ssmp~es of cuttings from borings will be 

collected. 

3.5 Surface Water Sampling 

3.5.1 Samp~ing Criteria and Methods 

Samp~es wi~l be collected ~rom locations which will 

adequate~y define if a release has occurred ~rom a 

particular SWHU. The locations for each sampling event will 

be specified in each SWHU Site Specific Facility 

Investigation Work Plan. 

Beakers, jars or dippers may be used ·to obtain a 

surface water sample. They can be attached to a rod or pole 

to extend ·the reach of the samples away from the bank (this 

type of sampling device is commonly called a pond sample>. 

The sample collection container should be constructed of 

glass, linear polyethylene <LPE), Teflon <TM>, or stain~eas 

atee~. 

Weig~ted bottles may be used to colLect a water sample at 

depth. These devices are basically a jar w~th a cork or 
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plug ;in the mouth that can be opened a%ter the bottle is 

lowered on a rope or chain to a desired depth; once the 

sample fills the jar, the apparatus is raised to the 

surface. 

I% a multiple phase contaminant (%or exapmle, 

~mmiscible organic liquids, or stratiried water layers are 

suspected, a sampler such as the Coliwasa Sampler may be 

used to obtain composite water samples in the vertical 

pro%ile. This sampler is a tube with a stopper at the 

bottom connected through the tube to a locking handle at the 

top. The stopper is locked ~nto its open position berore 

the sampler is lowered through the water. As the sampler is 

slowly lowered ~nto the water the layers or contaminants or 

other Xluids encountered will enter the tube. Arter the 

sampler reaches bottom <or the desired depth), the stopper 

is pulled upward and locked ~nto a seal with the bottom or 

the tube. The sampler is removed Xrom the water and ~ts 

contents transrerred to a sample bottle or multiple bottles 

ir samples or the stratiried layers are desired. 

Descriptions or the design, construaction and use or 

the weighted bottle and Coliwasa samplers are contained ~n 

EPA publication 600/2-B0-018, wsamplers and Sampling 

Procedures ror Hazardous Waste Streams,~ by E. R. deVera, et 

al, January 1980; this document is presented as an Append~x 

to ~Test Methods %or Bva~uating Solid Waste, • EPA 

publication SW-846, 1980. 
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3.5.2 Running Water 

The Giant Re%inery rac~~ity is ~ocated in an arid 

desert environment, with no perennia~ streams. Intermittent 

surface water flow occurs during and 1mmediate1y after 

infrequent ra1nfa11 events and snow melts. Because or the 

infrequent surrace water flows, no discussions are inc~uded 

on samp~ing techniques or running waters. 

If a low flow rate or shal~ow channel prohibit direct 

use or a dipper, a stainless steel shovel can be used to dig 

a small hole into which water can co~~ect. Sufficient time 

should be allowed for distrubed sediments to settle before 

the sample is obtained. 

3.6 Air Honitoring 

A~r monitoring may be required in later sampling 

events. If this is necessary, monitoring far the 

hydrocarbons wil~ be done using Tenax tubes. This approach 

allows ror sensitive detection levels and compound analyses. 

Samples can be obtained from the tubes ror detailed gas 

chromatograph analysis or specific compounds. A diaphragm 

type pump will be used to draw the air through the tube with 

a flaw meter to check the flow rates. The samp~ing height 

will be approximately 1.5 meters. With the availability or 

personnel cnsite, the sampl~ng w~ll be done w~th manual 

starts and steps. 
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A meteorolog~csl system, cons~st~ng o% w~nd d~rect~on, 

w~nd speed, and temperature w~ll be ~nstalled ror the sample 

per~od on a tr~pod spprox~mately three meters above ground 

sur~ace. The rer~nery already collects prec~p~tat~on and 

these data w~ll be ava~lable for the study. Stab~l~ty w~ll 

be calculated by the data oollect~on system and recorded. 

Ir a str~p chart data collection system is used, the 

stability will be calculated from the fluctuations or w~nd 

direct~on comb~ned with the wind speed and time of dey 

following established EPA procedures. Appendix B conta~ns 

data on wind direct~on and speed, temperature, 

prec~pitation, and stabil~ty for Gallup, New Mexico. 
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4.0 SAMPLE LABELING 

As soon as all sample containers have been properly 

filled with sample, the bottle labels should be completed 

with the following information: 

Sample identification or well number 

Location 

Date/Time of collection 

Collector's initials 

Sample preservation techniques 

Analytical parameters 

Comments 

The label will be filled out with waterproof, 

indelible ink. All information except sample ID or well 

number and date/time of collection shall be completed prior 

to going into the field. The sample ID and date/time of 

collection will be handwritten on the label by the sample 
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collector. After filling out the labels, they should be 

sealed with a piece of two inch wide clear tape. Make sure 

that the tape is long enough to go completely around the 

container so that it sticks to itself~ 
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5.0 DECONTAMINATION PROCEDURES 

The following procedures 

decontamination of: 

Original Date 05/31/89 
Revision Date 12/15/89 

are applicable to 

Drilling equipment and vehicles 

Sampling equipment 

5.1 Drilling Equipment and Vehicles 

Decontamination of large drilling equipment and 

vehicles is required to prevent cross contamination of 

boreholes from which soil samples will be retrieved for 

chemical analysis. This procedure also provides for the 

protection of personnel subsequent to demobilization from 

restricted areas. 

Steam or water rinse with potable water if needed 

to remove mud or dirt. 

Rinse with clean, potable water. 

During decontamination of drilling equipment and 

accessories, it is especially critical to clean the inside 
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of hollow-stem augers flights, drill rods and drill bits 

(particularly roller bits), as well as all couplings and 

threads. As a general rule, decontamination can be limited 

to the back portion of the drill rig and those parts which 

come in direct contact with samples or casing, or drilling 

equipment that is placed into the borehole. 

5.2 Sampling Equipment 

Sampling equipment includes all sampling devices and 

containers which are used to collect or contain a sample 

prior to final sample analysis. Before its initial use, all 

sampling equipment which may contribute to the contamination 

of a sample must be thoroughly decontaminated. Unless 

specific documentation exists that sample equipment has been 

decontaminated, decontamination should be conducted before 

use. 

Sampling equipment can generally be cleaned by hand. 

The following procedure is given as a sequence which should 

be modified to be consistent with onsite conditions. 

Scrub with potable water to remove mud and 

residue. 
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Scrub with a non-phosphate detergent if necessary 

to remove mud and residue. 

Rinse with clean potable water. 

Rinse with an approved organic solvent (i.e. 

isoproyl or methanol alcohols) . 

Allow the equipment to air dry as long as 

practical. 

Wrap in plastic bags or other appropriate 

containers if necessary to prevent 

recontamination. 

42 



6.0 SAMPLE CUSTOD~ 

Assur~ng the ~ntegrity or a eamp~e from the time o£ 

col~ect~an to data report~ng is essential. Chain a£ custody 

procedures are intended to document samp~e possession £rom 

the time or collection or fins~ d~sposition. 

A sample is considered to be under a person's custody 

if it is in a person's physical possess~on, in v~ew of the 

person after taking possession, secured by that person sa 

that no one may tamper w~th ~t, or secured by that person ~n 

an area that is restr~cted to author~zed personnel. 

6.1 Chain or Custody Record 

The chain or custody record shall include the following 

~nformation: 

1) Facility name 

2> Type and ~umber of samples 

3> Sample locat~an and ID 

4) Collection dateCs> and time(s) 

5) Analyses required 
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6} Number of conta~ners for each sample 

7} Add~t~onal remarks or comments as needed 

at Sample team leaders signature 

9} S~gnatures of all ~nd~v~duals ~nvolved ~n the 

chain of possessio 

10) Inclus~ve dates and t~me of possession 

A sample form is shown in F~gure 2. The orig~nal chain 

of custody form must accompany the samples. One copy of the 

chain of custody form should be kept in the project .files. 

6 ...... 
• L Transfer of Custody 

Th~s section describes the d~sposition of the samples 

after co11ect~on. 

6.:2.1 Onsite Custody 

The sample collectors will prepare the requested 

performance check samples and place the samples in a cooler. 

The in.f'ormation regarding date and ·t.ime o.t 

44 



~Enseco -~Rocky Mountain Analytical -
CHAIN OF CUSTODY No. 

4955 Yarrow Street SAMPLE SAFE'" CONDITIONS 
Arvada, Colorado 80002 
303/421-6611 Facsimile: 303/431-7171 1. Packed by: Seal II 

Attn: 2. Seal Intact Upon Receipt by Sampling Co.: Yes No 

3. Condilion of Contents: 

Enseco Client 4. Sealed for Shipping by: 

Project 5. Initial Contents Temp.: ·c Seal II 

Sampling Co. 6. Sampling Status: Done Continuing Until 

Sampling Site 7. Seal Intact Upon Receipt by Laboratory: Yes No 

Team Leader 
8. Contents Temperature Upon Receipt by Lab: •c 
9. Condition of Contents: 

Date Time Sample 10/Description Sample Type No. Containers Analysis Parameters Remarks 

CUSTODY TRANSFERS PRIOR TO SHIPPING SHIPPING DETAILS 
Relinquished by: (signed) Received by: (signed) Date Time Delivered to Shipper by: 

1 --- --- Method of Shipment: Airbillll 

2 --- --- Received for Lab: Signed: Date/Time 

3 Enseco Project No. 

White and Pink Copies to Lab Yellow to Sampler SS-001 
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control sample preparation will be recorded on the chain 

of custody form at this time. 

6.2.2 Contract Laboratory custody 

The delivery person will relinquish the samples to the 

contract laboratory. The contract lab will notify Giant of 

samples receipt and condition. 

The contract lab will be responsible for documenting 

custody within their laboratory and documenting custody of 

samples transferred to their subcontractors for analysis. 

This documentation is to be made available to Giant upon 

request. 
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7.0 ANALYTICAL PROCEDURES 

7.1 Methods 

Original Date 05/31/89 
Revision Date 12/15/89 

In order to adequately evaluate analytical data, 

consistency of methodologies is crucial. EPA-approved 

methodologies, such as those identified in the third edition 

of Test Methods for Evaluating Solid Wastes or equivalent, 

should be utilized when available. Any and all method 

modifications of the analytical procedures should be clearly 

defined and justifiable based upon the nature of the samples 

being submitted. The following factors are to be considered 

when selecting methodologies: 

Scope and application of procedure 

Sample matrix 

Potential interferences 

Precision and accuracy 

Method detection limits 

A list of methods currently utilized by Giant in the 

RFI program is listed in Table 4 for ground water sampling, 

and Table 5 for soil sampling. Appendix C lists analytes 

and methodologies for Appendix IX. Appendix VIII is a list 

of approximately 375 constituents, some of which cannot be 
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TABLE 4 

GROJ!ID loiATER !WI'LING All> ANALYSIS PLAN 
ANALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter Sll-846 600 Oeser ipti on container Preservative Time, Days Limit* 

pH 9040 150.1 Electrode p None On-Site NA 
Analysis 

Specific 
Conductivity 9050 120.1 llheatstone Bridge p None On-Site NA 

Analysis 

TOC 415.1 Combustion or G/T H2S04 28 1.0 
oxidation 

TOX 9020 Microcoulometric G/A/T H2S04 7 0.010 
Septa Seal 

Chloride 9252 325.3 Titration p None 28 1·5 

I ron 6010 200.7 ICP p HN~ 180 0.02 

Manganese 6010 200.7 ICP p HN~ 180 0.01 

Sodium 6010 200.7 ICP p HN~ 180 0.02 

Phenols 9065 420.1 Colorimetric, 4-AAP G H2S04 28 0.005 
Distillation, solvent 
Extraction 

sulfate 375.4 Turbidimetric p None 28 1.0 

Arsenic 7061 206.3 AA/Hydride p HN~ 180 0.005 
206.2 GFAA 0.005 

Barium 6010 200.7 ICP p HN~ 180 0.05 

Cadmium 6010 200.7 ICP p HN~ 180 0.01 

Chromium 6010 200.7 ICP p HN~ 180 0.02 

*All units in mg/L unless otherwise noted. 

p - Plastic, G - Glass, A - Amber, T - Teflon 



TABLE 4 (Continued) 

GROOII> ~TER SNI'LING .A)I) ANALYSIS PLAN 

ANALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter SIJ-846 600 Description Container Preservative Time, Days Limit* 

Lead 7421 239.2 GFAA p HND] 180 0.005 

Mercury 7470 245.1 Cold Vapor p HND] 180 0.0005 

Selenium 7741 270.3 AA/Hydride p HND] 180 0.002 
270.2 GFAA 0.005 

Silver 6010 200.7 ICP p HND] 180 0.01 

Fluoride 340.2 Electrode p None 28 0.10 
340.1 SPADNS (Distillation p None 28 0.10 

Required) 

I 
Nitrate 352.1 Colorimetric p H2so4 14 0.10 

Endrin 8080 608 GC/EC G/T None 7 0.0002 

Lindane 8080 608 GC/EC G/T None 7 0.004 

Methoxychlor 8080 608 GC/EC G/T None 7 0.10 

Toxaphene 8080 608 GC/EC G/T None 7 0.005 

2,4-D 8150 GC/EC G/T None 7 0.10 

2,4,5-TP 8150 GC/EC G/T None 7 0.01 
Si !vex 

Radium SM 705 Precipitation p HND] 180 1pCi/L 

Gross Alpha SM 703 p None 180 2pCi/L 

Gross Beta SM 703 p None 180 3pCi /L 

Total 
Coliform 9132 Membrane Filtration Sterilized Na2s2o3 0.25-1 1!100ml 

Vanadium 6010 00.7 !CP p HND] 180 0.02 

*All units in mg/L unless otherwise noted. 

p " Plastic, G · Glass, T · Teflon 



TABLE 4 (Continued) 

GR«UU> ~TER SAMPLING AJI) ANALYSIS PlAN 
AMAL YT I CAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1·846 600 Description Container Preservative Time, Days Limit* 

Molybdenum 6010 200.7 ICP p HN~ 180 0.05 

Calciun 6010 200.7 ICP p HN~ 180 0.05 

Potassiun 6010 200.7 ICP p HN~ 180 variable 

Magnesiun 6010 200.7 ICP p HN~ 180 0.030 

Nickel 6010 200.7 ICP p HN~ 180 0.05 

Copper 6010 200.7 ICP p HN~ 180 0.01 

Bicarbonate Titration p None 1/14 

Carbonate Titration p None 1/14 

Cyanide 9010 335.2 Colorimetric G NaOH 14 0.02 

Anmonia 350.2 Nesslerization p H2S04 28 0.05 
Distillation 

VOA's 8240 624 GC/MS VOA HCl 14 0.005 

Semi·VOA's 8250 625 
or 8270 GC/MS VOA HCl 14 0.010 

*All units in mg/L unless otherwise noted. 

p • Plastic, G · Glass, VOA · 40 ml of glass container with Septa seal 
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TABLE 5 

Soil ~ling and Analysis Plan 
Analytical ProcedJres 

EPA Method Holding Detection< 1> 
Parameter Sll-846 Description Container Preservative Time, Days Limit 

TPH Modified 
8015 GC·FID G 4"C 28 25 

Oil & 

Grease 9071 Gravimetric G 4"C 28 100 

Backgrourd 
Metals: 

Antmony 6010 ICP P,G 4"C 180 0.05 
Arsenic 7061 GFAA P,G 4"C 180 0.005 
Bariun 6010 ICP P,G 4"C 180 0.01 
Beryllium 6010 ICP P,G 4"C 180 0.001 
Cadnium 6010 ICP P,G 4"C 180 0.005 
Chromiun 6010 ICP P,G 4"C 180 0.01 
Copper 6010 ICP P,G 4"C 180 0.01 
Lead 6010 ICP P,G 4"C 180 0.05 
Mercury 7470 Cold Vapor P,G 4"C 28 0.0002 
Nickel 6010 ICP P,G 4"C 180 0.001 
Potassium- 6010 ICP P,G 4"C 180 5.00 
Seleniun 7710 GFAA P,G 4"C 180 0.005 
Vanadiun 6010 ICP P,G 4"C 180 0.002 
Zinc 6010 ICP P,G 4"C 180 0.01 

pH 9045 Electrode P,G 4"C 14 NA 

TOC 9060 Combustion/ G 4"C 28 0.02 percent 
Oxidation 

Benzene 8020 GC/PID G 4"C 14 0.005 
Toluene 8020 GC/Pill G 4"C 14 0.005 
Ethyl· 
Benzene 8020 GC/PID G 4"C 14 0.005 
Xylenes 8020 GC/PID G 4"C 14 0.005 
Phenolics 9065 Colorimetric G 4"C 14 1.0 
Cyanide 9010 Colorimetric P,G 4"C 28 0.5 

Asbestos 600 - Phase P,G None 180 Particles/ 
Interim Contrast Volume 

Microscopy 

*All units in mg/kg unless otherwise noted. 
(1) Detection limits in soil may vary deperding upon the matrix of the irdividual samples. 
p Plastic 
G · Glass 
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measured. The Appendix IX list contains those analytes in 

Appendix VIII which can be quantified. 

7.2 Detection Limits 

It is imperative that the analytical procedures chosen 

have method detection limits appropriate for the intended 

use of the data. Ideally, procedures should be selected 

which have a Method Detection Limit (MDL) that is five times 

lower than the regulatory threshold limit. The detection 

limits for ground water samples for the procedures are 

listed in Table 4. Table 5 lists detection limits for soil 

samples. Appendix c lists detection limits for soil samples 

for Appendix IX constituents. 

7.3 Sample Container, Preservation and Holding Times 

Sample container selection, preservation techniques 

and holding times (length of time between sample collection 

and analyses) must be addressed for every sampling 

activity. This is necessary to assure that the sample does 

not deteriorate or become contaminated. Sample 

deterioration can occur through processes such as biological 

degradation or chemical precipitation. Sample contamination 

or alteration can occur due to adsorption, absorption, or 
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leaching effects due to the interaction of the sample and 

the container material. Appropriate sample containers, 

preservation, and holding times are listed in Table 4 for 

ground water samples and Table 5 for soil samples. Appendix 

c lists sample containers, preservation, and holding times 

for Appendix IX analytes. Additionally, all samples except 

trace metals preserved with nitric acid should be maintained 

at 4oc from the time of collection until analyses. 

Note: Nitric acid for trace metal preservation must 

be of ultra-trace grade quality. Samples preserved with 

acids should be at pH <2. Samples preserved with sodium 

hydroxide should be at pH >12. 

7.4 Sample Preparation 

Proper sample preparation is an integral part of any 

analytical program. Sample preparation techniques i.r.~lude 

filtration, digestion, and distillation. These steps may 

not be omitted from the various methodologies unless 

approval is obtained from the Giant RFI Project Manager. 

Any additional preparation above and beyond normal standard 

operating procedures should be documented and confirmed by 

the QA/QC manager. 
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7.5 Laboratory QA/QC 

Original Date 05/31/89 
Revision Date 12/15/89 

The laboratory's QA/QC program is included as Appendix 

D of the Generic Sampling Plan. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

8.1 Field Instruments 

8.1.1 pH Meter 

The pH meter should be calibrated before leaving the 

lab using a two point calibration method. Normally, the 

meter will be calibrated with pH 7 and pH 10 buffers. At 

each well, pH calibration should be verified using the pH 7 

buffer solution. If the result of this calibration does not 

agree within + 0.05 units, the meter should be recalibrated 

as above. Results of all calibration verification and 

recalibration must be recorded in the field notes for a 

given sampling event. 

8.1.2 Conductivity Meter 

The conductivity meter calibration should be checked 

according to manufacturer's specifications. The 

conductivity reading should be within 5% of the expected 

value of the standard. Calibration should be checked at the 

lab before going into the field and every four hours 

thereafter. Results of the calibration verifications made 

in the lab and in the field must be recorded in the field 
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notes for a particular sampling event. 

8.1.3 PID Meter 

The PID meter should be calibrated each day it is used 

in the field. Three steps need to be taken in order to 

calibrate the PID meter: 

Check the battery 

Set the zero point 

Use calibration gas according to manufacture's 

instructions. 

Results of all calibration verification must be recorded in 

the field notes during a particular sampling event. 

8.2 Laboratory Instrumentation 

It is recognized that instrument calibration 

procedures vary from instrument to instrument. 

Manufacturers' guidelines should be followed. The frequency 

of calibration for a number of instruments is addressed 

below. This information is obtained from SW-846, third 

edition, Test Methods for Evaluating Solid Waste. This 

section is not intended to be comprehensive in nature. The 
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contract laboratory is responsible for detailing its own 

QA/QC protocol in addition to the items listed here. 

8.2.1 ICP 

Calibrate the instrument according to 

manufacturer's recommended procedures. 

Two types of blanks are required: calibration 

blank and reagent blank. 

Check calibration using a blank and two standards. 

Verify calibration every 10 samples and at the 

end of each run by analyzing blank and check 

standard. Standard should be within 10% of 

expected value; if not, terminate analysis, 

correct problem, and recalibrate. The 

calibration blank should agree within three 

standard deviations of the mean blank. If not, 

terminate analysis, corLect problem, recalibrate, 

and reanalyze the previous 10 samples. 

Analyze interference check sample at the 

beginning and end of an analytical run or twice 

during every 8-hour work shift. 

Replicate samples and spiked samples should be 

run at a frequency of 10%. 
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Duplicate spiked samples must be run at a 

frequency of 20%. The Relative Percent 

Difference (RPD) shall be + 20% for sample values 

greater than 10 times the detection limit. Spike 

recovery is to be ± 20% of the actual value. 

Serial dilution checks where applicable. 

Detection limit verification on a quarterly basis. 

8.2.2 Atomic Absorption Spectrophotometer 

Calibrate each run using a blank and three 

standards. 

Verify calibration by running blank, and 

mid-point standard every 10 samples and at the 

end of each run. Results must be + 10% of true 

result or terminate analysis, correct problem, 

recalibrate, and reanalyze samples. 

Replicate and spikes must be run every 10 samples 

or with each matrix type, whichever is more 

frequent. 

Method of standard additions should be employed 

as required. 
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Calibrate according to instrument manufacturer's 

recommendations each run. 

Verify calibration by analyzing blank and check 

standard every 10 samples. If results are not + 

10% of expected value, terminate analysis, 

correct problem, recalibrate, and reanalyze 

previous 10 samples. 

Quadruplicate analyses are required for most 

ground water samples. 

Replicates and spikes must be analyzed at a 

frequency of 10%, or at least one in each 

analytical batch. 

8.2.4 Gas Chromatographs 

Initial demonstration of capability. 

QA/QC as per individual methods in SW-846, Jrd 

edition. 

Five point calibration curve for each compound. 

Blank and calibration verification every 8 hours. 

Internal standard added to all blanks, standards, 

and samples. 
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8.2.5 Gas Chromatography/Mass Spectrometry 

Initial demonstration of capability. 

Meet tuning criteria as per SW-846, 3rd edition 

Internal and surrogate standards added to blanks, 

standards, samples. 

Blank and standard calibration verification each 

run. 

8.2.6 UV-Vis Spectrophotometer 

Multi-point calibration as specified in 

individual methods in SW-846, 3rd edition. 

Calibration verification as per individual 

methods in SW-846. 

Replicates and spikes will be analyzed at a 

frequency of 10% or at least one in every 

analytical batch. 

8.2.7 TOX Analyzer 

All samples will be analyzed in replicate at a 

minimum. Most ground water samples are to be 

analyzed in quadruplicate. 
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Check absorption efficiency of each newly 

prepared batch of carbon. 

Run at least two nitrate wash blanks at the 

beginning of the day and one nitrate wash blank 

after every eight pyrolysis determinations. 

Run duplicate instrument calibration standards at 

the beginning of each day and after every eight 

pyrolysis determinations. 

Verify calibration with an independently prepared 

check standard every fifteen samples. 

Analyze duplicate spiked samples every ten 

samples. 
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9.0 STATISTICAL METHODOLOGY 

In order to determine if a release of metallic 

constituents has occurred from a unit, a One-Way Parametric 

Analysis of Variance will be calculated at specific SWMU's. 

These data will be compared with the background metals data 

obtained during the Land Treatment Demonstration. One 

sampling interval with four independent samples per boring 

and at least three borings will fulfill the minimum sample 

requirements. 

9.1 Statistical Comparison of Background Metals Data 

Based on the Demonstration Permit (NMD000333211-1) and 

the Permit Application Report (June 1986, Appendix A), a 

Land Treatment Demonstration was conducted to show treatment 

capabilities for refinery waste generated by Giant Refinery 

Company. The demonstration period lasted from April 1987 

through March 1988. The following table lists the 

background metallic data, which was collected from a plot of 

land adjacent to the land treatment demonstration. 
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Background 

Metal 

Sb 
As 
Ba 
Be 
Cd 
cr 
cu 
Pb 
Hg 
Ni 
K 
Se 
v 
Zn 

Metals, 
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Statistical Information 

Background 

Mean Variance N 

0 0 18 
3.0 9.0 18 

258 2147 18 
1.06 0.1 18 
0.04 0.02 18 
4.41 1. 74 18 
4.82 0.68 18 
5.25 28.4 18 
0 0 18 
7.75 2.2 18 

1325 78540 18 
0 0 18 

12.6 3.26 18 
11.2 4.14 18 

The statistical methodology as outlined in the 

"Statistical Analysis of Ground Water Monitoring Data at 

RCRA (Resource Conservation and Recovery Act) Facilities, 

Interim Final Guidance, February 1989 follows: 

9.2 one-Way Parametric Analysis of Variance 

In order to apply a parametric one-way analysis of 

variance, a minimum number observations is needed to give 

meaningful results. At least p > 2 groups are to be 

compared (i.e., two or more borings). It is recommended 

that each group (here, borings) have at least three 

observations and that the total sample size, N, be large 

enough so that N-p > 5. A variety of combinations of groups 
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and number of observations in groups will fulfill this 

minimum. One sampling interval with four independent 

samples per boring and at least three borings would fulfill 

the minimum sample size requirements. The borings should be 

spaced so as to maximize the probability of intercepting a 

plume of contamination. 

9.2.1 Purpose 

One-way analysis of variance is a statistical 

procedure to determine whether differences in mean 

concentrations among borings, or groups of borings, are 

statistically significant. For example, is there 

significant contamination of metals at a SWMU compared to 

background conditions. 

9.2.2 Procedure 

Suppose the regulated unit has p borings and that ni 

data points (concentrations of a constituent) are available 

for the ith boring. These data can be from either a single 

sampling period or from more than one. In the latter case, 

the user could check for seasonality before proceeding by 

plotting the data over time. Usually the computation will 

be done on a computer using a commerically available 
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program. However, the procedure is presented so that 

computations 

necessary. 

Step 1. 

can be done using a desk calculator, if 

p 
Arrange theN=.£ ni data points in a data 

1=1 
as follows: 

(N is the total sample size at this specific regulated 
unit): 

I 
Boring No. 1 I 

I 
2 I 
3 I . I 
u I . I 

I 
p I 

I 
I 

Observations 

X11 · · · · · · X1n 
i 

Xul 

Xpl . . . . . . Xpn 
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Boring Total Boring Mean 
(from (from 
Step 1) Step 2) 

Xu. Xu. 

Xp. 

X X 



Step 2. 

X· 1. = ni 
£ 
j=1 

1 
Xi. = ni 
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Revision Date 12/15/89 

Compute boring totals and boring means 
follows: 

Xij I total of all ni observations at boring 

X· 1. average of all n· 1 observations at boring 

X x .. 1 grand mean of all observations. 

as 

i 

i 

These totals and means are shown in the last two columns 
of the table above. 

Step 3. Compute the sum of squares of differences 
between boring means and the grand mean: 

SSwells = P (x · - x ) 2 = x2· 1 - 1 x2 
N 

.£ ni 
1=1 

1. • • 

(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (p-1) degrees of 

freedom associated with it and is a measure of 

variability between borings. 

Step 4. Compute the corrected total sum of squares 

SSTotal = P 
£ 
i-1 

( X •• - X ) 2 1) •• 
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(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (N-1) degrees of 

freedom associated with it and is a measure of the 

variability in the whole data set. 

step 5. Compute the sum of squares of differences of 

observations within borings from the borings 

means. This is the sum of squares due to 

error and is obtained by subtraction: 

SSError = SSTotal - SSsorings 

It has associated with it (N-p) degrees of freedom and is a 

measure of the variability within borings. 

step 6. Set up the ANOVA tables as shown below. The 

sums of squares and their degree of freedom 

were obtained from Steps 3 th:::-ough 5. The 

mean square quantities are simply obtained 

by dividing each sum of squares by its 

corresponding degrees of freedom. 
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ONE-WAY PARAMETRIC ANOVA TABLE 

Source of 
Variation 

sums of 
squares 

Degrees of 
Freedom 

Mean 
Squares 

F 

Between 
borings SSBorings p-1 MSBorings F 

= SSBoringsj(p-1) 
= MSB . orl.ngs 

MSError 

Error 
(within 
borings) SSError N-p MSError 

Total 

= SSError/(N-p) 

SSTotal N-1 

Step 7. To test the hypothesis of equal means for 

all p borings, compute F = MSBorings/MSError (last 
column in above table). Compare this statistic to the 

tabulated F statistic with (p-1) and (N-p) degrees of 

freedom at the 5% significance level. If the 

calulated F value exceeds the tabulated value, reject 

the hypothesis of equal boring means. Otherwise, 

conclude that there is no significant difference 

between the concentrations at the p borings and thus 

no evidence of boring contamination. 

In the case of a significant F (calculated F greater than 

tabulated Fin Step 7), the user will conduct the next few 

steps to determine which compliance boring(s) is (are) 

contaminated. This will be done by comparing each 

compliance boring with the background boring(s). 

Concentration differences between a pair of background 
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borings and compliance borings or between a compliance 

boring and a set of background borings are called contrasts 

in the ANOVA and multiple comparisons framework. 

Step 8. Determine if the significant F is due to 

differences between background and compliance borings 

(computation of Bonferroni t-statistics) 

Assume that of the p borings, u are background 

borings and m are compliance borings (thus u + m = 
p) . The m differences--m compliance borings each 

compared with the average of the background 

borings--need to be computed and tested for 

statistical significance. If there are more than five 

downgradient borings, the individual comparisons are 

done at the comparisonwise significance level of one 

percent, which may make the experiment-wise 

significance level greater than five percent. 

Obtain the total sample size of all u background 
borings. 

nup = u 
£ ni 
i=l 

Compute the average concentration from the u 
background borings. 

u 
Xup = !_ £ Xi. 

nup i=l 

Compute the m differences between 
concentrations from each compliance 
the average background borings. 

x· l. - Xup i = 1, ... , m 
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Compute the standard error of each difference as 

where MSError is determined from the ANOVA table 
and ni is the number of observations at boring i. 

Obtain the t-statistic t = t(N-p), (1-
Bonferroni's t-table with c = 0.05 
degrees of freedom). 

cjm) from 
and (N-p) 

Compute the m quantities Di = SEi x t for each 
compliance boring i. If m > 5 use the entry for 
t(N-p), (1-0.01). That is, use the entry at m = 
5. 

9.2.3 Interpretation 

If the difference Xi. - Xup exceeds the value Di, 

conclude that the ith compliance boring has significantly 

higher concentrations than the average background borings. 

Otherwise conclude that the boring is not contaminated. 

This exercise needs to be performed for each of the m 

compliance borings individually. The test is designed so 

that the overall experminent-wise error is five percent if 

there are no more than five compliance borings. 

9.2.4 Cautionary Note 

Should the regulated unit consist of more than five 

compliance borings, then the Bonferroni t-test should be 
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modified by doing the individual comparisons at the one 

percent level so that the Part 264 Subpart F regulatory 

requirement pursuant to §264.97(i) (2) will be met. 

Alternately, a difference analysis of contrasts, such as 

Scheffe's, may be used. 
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10.0 DATA REDUCTION, VALIDATION AND REPORTING 

The contract lab will send the analytical results to 

the project manager who will process the report for 

purchasing. The project manager will review the report for 

completeness, making sure sample analyses reported 

correspond exactly with analyses requested on the chain of 

custody form. If the report is incomplete, the laboratory 

will be notified immediately of any discrepancies. After 

the report has been reviewed for completeness, the report 

will be submitted to the QA/QC manager for technical 

review. This should be done the day the report is received. 

10.1 QA/QC Manager 

The QA/QC manager will review the report and assess 

validity based on: 

Methodology 

Detection limits 

Results of internal quality control checks 

Holding times 

Comparison with historical data base 

Review of precision and accuracy data reported by 

lab 
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The QA/QC manager should notify the outside lab of any 

suspected quality problems within one week of data receipt. 

The contract laboratory should implement corrective action 

regarding data quality within one week of notification by 

the QA/QC manager that a problem exists. After the data has 

been reviewed and validated by the QA/QC manager, a cover 

sheet containing the following information will be placed in 

the project file. 

Summary of internal quality control check samples 

List of invalid data points based upon review of 

methodology, detection limits, holding time, 

precision and accuracy review 

List of outliers as compared to historical data 

base 

10.2 RFI Project Manager 

The RFI Project Manager will review the report 

received from the QA/QC manager and will make the decision 

to resample if necessary due to invalid data or outliers 

associated with the sampling event. 

After data from a particular sampling event is 

approved, the data will be input into the project data 
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base. The project manager will incorporate the results into 

a report or submit the results to the appropriate regulatory 

agencies. 
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11.0 INTERNAL QUALITY CONTROL CHECKS 

11. 1 Equipment Blanks 

Equipment blanks will be analyzed to check for 

contamination due to improper/insufficient decontamination 

procedures. These blanks will be taken only when nan-

dedicated equipment is used. 

To assure that the bailer has been sufficiently 

decontaminated Cin the laboratory or in the field>, fill the 

bailer with deionized water and pour this water into a set 

of sample bottles and sub~it to the laboratory %or analysis. 

Sufficient equipment blanks will be collected to assure 

proper equipment decontamination. 

11.2 Trip Blanks 

Trip blanks will be analyzed to check for container 

contamination. Trip blanks will be prepared and labeled by 

the contract laboratory. One bottle of each type will be 

filled with Type II reagent grade water, transported to the 

site with the empty sample bottles, carried with the sample 

bottles during all sampling activ1t~es, and returned to the 

contract laboratory ~or ana2ys~s. Tr~p blanks should nat be 
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opened at any time prior to analysis. They should be kept 

with the sample bottles with which they are associated at 

all times. One trip blank will be used per sampling event. 

Analyze only if the field blank contained detectable 

concentrations of a constituent which would indicate cross 

contamination. 

11.3 Field Duplicates 

To measure the precision of the sampling activities, 

duplicate samples will be collected and analyzed. 

Duplicates will be collected at a frequency of 5% or one 

with each sample set, whichever is more. For example, if 

two samples are taken, then one duplicate is needed. If 10 

samples are collected, then one duplicate is needed. 

The duplicates will be assigned a fictitious 

identification number and submitted to the laboratory as a 

blind duplicate. Record the ID number of the real well name 

and fictitious number on the ground water well information 

form. 

In order to evaluate the precision of the analysis, it 

is necessary to calculate the relative percent deviation 

(RPD) between the two results of the duplicate analysis. 
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Calculate Relative Percent Deviation, RPD = 

RPD (S1-S2) 
(S1+S2)/2 x 100% where 

S1 = Sample Result 1 

S2 = Sample Result 2 

Example: The sulfate result reported for MW-999 is 1000 

mgjl. The result for the duplicate sample of MW-999 is 1050 

mg/1. 

The RPD = {1050 - 1000~ X 100 
(1050 + 1000/2) 

= 50 X 100% 
1025 

= 4.9% 

RPD should be less than or equal to 10% for values 

five times greater than the MDL and plus or minus the 

detection limit for values less than five times the MDL. 
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12.0 SYSTEM AUDITS 
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A system audit is a qualitative evaluation in order to 

determine whether the guidelines set forth in this manual 

are being followed. A system audit will be conducted on a 

annual basis by the QA/QC manager. 

The completed audit results will be given to the 

project manager so that it may be used as a guide for 

additional training and continual improvement objectives. 

It is important that all parties involved recognize that 

this system audit is NOT to be utilized in a punitive or 

negative manner, but that it be viewed as a tool to be used 

to achieve the data quality objectives. 
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APPENDIX A 

Helpful Information 



Source: Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, 
SW-846 (3rd edition, 1986). * 

.Paraneter 

GROUP I: 

pH 

Specific a:.n:luctBnce 

'lOX 

GROUP II: 

Ollar ide 

Iron 
~anese 
Sodiun 
Freools 

Sulfate 

GROUP III: 

Arsenic 
Barluu 
Orlniun 
~-lJII 

U!ad 
!ticury 
Seleniun 
Silver 

Fluoride 

Nitrate 

TABLE ll-1 

&A."'PLLJ{; AND PRESERVATIOO PR!XEXJRES FOR DETECITOO ~a 

Preservative 

Min:im..m Volune 
~uired for 

Jlnalysis 

Indicators of Grourrl Water OJntan.inationc (Quadruplicate Analyses) 

T, P, G Field determined ~ 25 mL 

T, P, G Field determined N:xle 100 mL 

G, Teflon-lined Cool 4°C, H2S04 to 28 days 100 mL 
cap pH<2 

G, anber, TeflO!l- Cool 4°C, H2S04 to 28 days 250 mL 
lined Septa Cap pH<. 2 

Ground Water Q.Ja.lit:z: Olaracteristics 

T, P, G 4°C 28 days SOmL 

T, p Field acidified 6 m:mths 200 mL 
to pH <2 with ~ 

G 4 °C/~ so4 to pH <2 28 days mmt 

T, P, G Oxll, 4°C 28 days SOmL 

EPA Interim Dri.nk.ing Water characteristics 

T, p 1btal t-2tals 6 IIXXIths 500 mL 
Field acidified to 
pH <2 with IN>) 

6 roonths 500 mL 
Dissolved ~tals 
1. Field filtratioo 

(0.45 micron) 
2. Acldify to pH <2 

with IN>) 

T, p Cool, 4°C 28 days 300 mL 

T, P, G 40C/HzS04 to pH <2 14 days 100 mL 

(Continued) 
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TABLE 11-1 (Continued) 

~ AND PRESERVATIOO PRCa:OORES FOR DEIECI'IOO M:NITQR.IN:;a 

Min.imu:n Volure 

~ MaxinLm Fequired for 
Para:oeter Preservative 1-bldi.ng Time Analysis 

JTrlrin T, G Cool, 4°C 7 days 2 ,roJ mL 
Lindane 
t-EtOOxychl.or 

1'oxa.J*ene 
2,4 D 
2,4 ,5 'IP Silvex 

Radiun P, G Field acidified to 6 liXJ!lths 1 Quart 
Gross Alpha pH <2 with liN:) 
Gross Beta 

Cbliform bacteria PP, G (sterilized) Cool, 4°C 6 OOurs 100 mL 

Other Ground Water Olaracteristics of Interest 

Cyanide P, G Cool, 4 °C, Naal. to 14 days ~mL 

pH )12 

Oil arrl Grease G ooly Cool, 4°C itzs:>
4 

to 28 days lCC>O mL 

pH<2 

Sen! volatile, T, G Cool, 4°C 7 days 2000 wL 
volatile organics + 2 VOA vials 

~erences: Test 1-Etto:is for Evaluating Solid Waste - Physical/ Olemical 1-Etto:is , Sf-846 (3 rd edition, 
1986). 
1-Eth::xis for Q-enical Analysis of Water arrl Wastes, FJ>k-f:IJJ/4-79-020. 
Starrlaro 1-Eth:xls for the Exanination of Water and Wastewater, 16th edition (1985). 

b Container Types: 

P - Plastic (p:>lyethylene) 
G • Glass 
T • Teflon 

PP • Polypropylene 

~on the requiranents for detection uonitoring ( 265.93), the ~r/operator nnst collect a sufficient 
voll.m'! of ground water to allor.1 for the analysis of four separate replicates. 
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Meterological Conditions 



CLIMATOGRAPHY OF THE UNITED STATES NO. 20 
GALLUP, NH PERIOD: 1951-80 
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\liND DIRECTION BY PASQUILL STABILITY CLASSES (STAR PROGRAM) 

•a.-
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scacion: .,_. ~ .... - Period of Record: 1/N-W• (8 ..,...,., 

Data are presented by stability classes ~2~d~jlf!-.. combined for the period indicated; first, as a bivariate frequency distribution of wind 
direct. ion vs. wind spead 1 and second, as n~lized values (i.e., relative frequency). Stability classes are based on Pasquill 1s class 
structure (see Journal of Applied Meteorology, February 1964) 1 as follows: 

Identified in lo-wer 
Stability Class left corner in this 
(Resular STAR) tabulation as: Definition 

1 A Extremely Unstable 
2 B Unstable 
3 c Slightly Unstable 
4 D Neutral 
5 E Slightly Stable 
6 F Stable 
7 G Extremely Stable 

Tabulations can also be prepared for the Regular STAR 
in 5 classes (E 1 F 1 G combined) • 6 classes 
(F, G combined) tOr 7 classes 

Stability Class 
Identified in lower 
left corner in this 

(Day/Nighc STAR tabulation as: 
1 A 
2 B 
3 c 
4 D 
5 E 
6 F 
7 G 
8 H 

The Day/Night STAR can be prepared for 6 
classes (F, G, H combined), 7 classes 

Definition 
Extremely Unstable 
Unstable 
Slighcly Unstable 
Neutral/Day 
Neutral/Night 
Slightly Stable 
Stable 
Extremely Stable 

Average wind speed in knots, to tenths 1 for ea~h direction and each speed 

(G, H combined) , or 8 classes . The Day /Night STAR is normally 
used in the climatological display model (CDM) 

class. Overall average wind speed is computed by: ;:b~! =~n~c~~~~:n'Ces 

NUMBER OF OCCURRENCES: Number of DIR/SPD observations, plus number of calms (winds are tabulated to 16 points; speeds are in knots.) 

RELATIVE FREQUENCY OF OCCURRENCES: Number of occurrences/stability class 
Total number of observations 

TOTAL NUMBER OF OBSERVATIONS: Number of observations in each month 1 season, annual or period. 

TOTAL RELATIVE FREQUENCY OF OBSERVATIONS: Total number of observations 
Total number of observations 1.00000 

This normalized (relative frequency) cable is self explanatory s except that calm values have been distributed in the 0-3 speed category based 
on the number of observations in speed. categories 1-3 and 4-6 as shown below. 

Because of the importance cf calm -winds in air pollut.ion studies, their occurrences are distributed into 0-3 speed category of the percentage 
frequency (normalized) tables using a ratio based on the number of observations of speeds of 1-6 knots in each direction category. 

Example: 

R 
s 
T 
u 
v 

Season: 

Total Obs for Season (all Stabilities): 
Stability Class: 
Total Obs. Class 11C11 

- Speeds 1-3 
Total Obs. Class "C11 

- Speeds 4-6 
Total Calms - Class 11C11 (Season: MAM) 

HAM 

3680 
ucu 

21 
142 

8 
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To find the distribution oi calms into a direction category we must also kno\1 the number of observations in that direction that had speeds of 
1-3 and 4-6 knots. In our example let us assume we want to find how the calms were distributed into the south direction. 

W Total Obs. S Direction (Season: MAM) 11C" Stability 
Speeds 1-3 

X Total Obs. S Direction (Season: HAM) "C" Stability 
Speeds 4-6 

Symbolically the Distribution Factor = 

In our example then: % Frequency South Spd 0-3 "C" =(36~0) t 2i : ~41~6~~ (.002174) (.55215) + (.000815) 

Percentages for Monthly or Annual tables may be determined in a like manner by substituting the proper values. 

.000935 

TABLE A-1. STABILITY CLASS AS A FUNCTION OF NET RADIATION AND WIND SPEED TABLE A-2. INSOLATION AS A FUNCTION OF SOLAR ALTITUDE 

WIND SPEED 
(KNOTS) 

0, 

2, 

4, 

8, 

10 

11 

!_12 

NET RADIATION INDEX 
3 2 1 0 -1 -2 

SOLAR ALTITUDE 
(a) INSOLATION 

Strong 

Moderate 

Slight 

Weak 

INSOLATION 
CLASS NUMBER 



original Date 05/31/89 
Revision Date 12/15/89 

13.0 CORRECTIVE ACTION 

Corrective action may be indicated based upon the 

results of the system audit, performance audit, or normal QC 

procedures. Corrective action consists of the following 

steps: 

Identify and define problem 

Assign responsibility to investigate problem 

Investigate and identify cause of problem 

Determine responsibility for implementing 

corrective action 

Implement and assess effectiveness of corrective 

action 

Confirm that the problem has been eliminated 

Corrective action may be initiated at all levels of 

responsibility and at all stages of the ground water 

sampling program. The QA/QC manager ·is responsible for 

assuring that the above steps are taken and that the problem 

initiating corrective action is solved. 

79 



14.0 QA/QC REPORTS TO MANAGEMENT 

original Date 05/31/89 
Revision Date 12/15/89 

The QA/QC manager and project manager will provide 

reports to management on a quarterly basis which include: 

Results of System Audit 

Review of problems encountered and solutions 

obtained 

Review of any unresolved problems 

Recommendations to achieve continual improvements 

in the sampling program 

80 



t.NIJUAL .. fE£ClllEtiC"L nl..S.Ifll.B.ili.l.OH .. ___ ··------n5..U...il.Qtl -23091 GAil liP. NM o~s 

------··--··- --. ----·-· 
SPEEDIKTSI 

-------------------·--------- -----·--·- ·------· 
D!RECT!GI: 1 - 3 4 - 6 7 - JD 11-16 !7-21 GREATER THAN 21 AVG SP TOTAL 

35 36 0 0 7.2 74 

--------- ---------~--

NNf 31 22 0 6.9 57 

-------------- ---·-·--- ---------------
NE 46 24 0 6.8 75 

ENf 55 0 7.1 10 6 

-------------------------- -------------------
21 30 0 7.3 54 

ESE 0 7.2 17 

SE 11 0 6.3 20 

----------------------
SSE 13 0 0 7.2 22 

25 11 0 e.a 80 

SSW 30 56 25 9. 8 120 

sw 60 27 11 11.0 244 

·- ---·---~--

WSW 79 66 36 10.4 329 

72 88 

WN" 39 16 

Nl< 0 19 19 

NNW 0 

---------------------------
AVG 2.7 5.1 8.7 13.4 

TOTAL 530 702 252 

NUMBER OF OCCURRENCES OF STABILITY 1817 

NUMBER Of CALMS WITH C STABILITY = 220 
------------------ .. --------·····-· ---

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



__ _]_ 

.. ·.-:· 
---_-_::...:.__ _____ _ ~ ------- __!.~ -------------------------------------

----------- --------- ----------. 

Rf~~!lYs FREQUENCY DISTRIBUTION STATION 23D81 GALLUP, NM 

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

SPEEDIKTSl 

DIRECTION D - 3 4 - 6 7 - 10 11 - 16 

.000989 .002397 .002466 .0002D5 

NNE .000973 .002123 .001507 .000205 

---------~~---- ------------~-----------

NE .001300 .003151 .001644 .OD0274 

ENE .OD1329 

Sf .00017D 

SSE .000226 

.OD0707 

ssw .000848 

------,s=-w- ------~Oii11182 

WSW .002233 

.002132 

WNW .001103 

.003219 

• OOD411 

.000548 

-------------
.DD1712 

.002055 

.003356 

.005411 

.004932 

• 0026 71 

.003767 

.000753 

.000890 

.OD274D 

.006575 

.009726 

.006D27 

.003288 

.OD0205 

.000137 

.000068 

.DDD753 

.001712 

.004110 

.004521 

.003151 

.001096 

17 - 21 GREATER THAN 21 TOHL 

.OODODD .ODOOOO .006058 

• D ODDOO .DOODDO .D04809 

.DOD068 .000000 .006'437 

.000068 .oooooo .ooa589 

.oooooo ,000000 .004292 

.oooooo .000000 .DD1391 

.ODD068 .DDDDDO .DD1539 

.ODODOO ,000000 .OD1733 

, 0002H .OODDOO .006186 

.000342 .DDD274 .009067 

.001849 .OD0753 .018126 

.002466 .DDD411 .024768 

• 000548 .OODD68 .016858 

.0002D5 ,OODDOD .oo8 363 

• 000068 .ODOODO .003688 

• 000068 .000000 .002547 ---- ----;:;N-.N~w~---.'o"D"o"4:-2;;4;;-----."o"o'1"o'2'7,_---.•o"o"o"9"'5"9"----."D"o"o"'o"6-;;8:------,.,=,-,-------;;==:-;;--------===-------------~ 

TOTAL .015274 .036301 ___ _ .048082 .Dl1260 • 006027 .001507 

.124452 

RELATIVE FREQUENCY OF CALMS OISTRI8UTEO ABOVE WITH STABILITY = .015068 

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



.. I 

----- ·--·--··---· -- -·-· 

A...tilli.H.L ____ _ _lfoJR<JECJOJJ!J.JlfLtu.JCL..LY-llD.LI.:,S.LTJ<R.LI.<>BJ.JIIL.lT...!I.LDLONL-______ -'>.S.LTAA.LT.LTJJ0.I<N_;;·C(2:.;3u.OuAuiLJG>.JA!JI...li..JIJ.JIPe_.__NtiM!O_ _ __li._JJOJ;B.;,S __ ..Jl.::t.9_~------

---------····-------·-

DIRECT lOt! - 3 4 - 6 7 - 10 11-16 17-21 GREATER THAN 21 AVG SP TOTAL 

30 61 so 10.o 146 

NNE 19 51 38 10 ol 113 

Nf 30 49 35 9.! 115 

ENf 31 86 49 9.8 174 

0 24 68 43 10 10.2 146 
------~--

ESE 14 21 12 9.4 49 

SE 10 22 20 10.7 57 

SSE 22 45 11 11.0 129 

----------·--· 
0 45 108 103 15 10,3 316 

ssw 40 188 160 41 10 11.3 440 

56 2 94 126 12.9 954 

WSW 0 60 265 474 189 65 13.7 1053 

0 37 226 65 17 12.7 486 

WNW 0 20 so 91 12 ,J 198 

0 10 36 53 2 12.0 109 

NNW 11 22 18 0 10.4 56 

-------------
AVG 3,0 5.2 8.9 13.5 18.9 11.4 

--,-:-c-----------------···---
TOTAL 459 1550 513 160 

NUMBER OF OCCURRENCES OF 0 STABILITY = 4788 

NUMBER OF CALMS WITH STABILITY = 257 



·~· ·. 
·:, 
;_.:·· .... 
·. ~-

------- _ -·---- ~ >JU A!, ___ -··. ··--··-- _ _ _ .fl.f!,_Ul..\l.f F R E QUE N;,_C_,_Y---"OC!I.:Sc!T-"R'-'I'-'B'-'U'-'T'-'I'-'O'-'N'-------"-S-'-T-"A-'-TC!I-"O-"N'---=='---'2'-'3'-'0'-'B'-'I'----'G'-'A"-'LOJL=CU~Pc.Lr _N"-'2H __ 

--·--·····-·------------------------------------------
SPEEDIKTSl 

---------·--- . -------· ------------ ------------------------------
DIRECTIO>J D-3 4-6 7-10 II - !6 I 7 - 21 GREATER THAN 21 TOTAL 

.001143 

NNE .000831 

NE 

ENE .001181 

.000914 

ESE .000533 

SE .000381 

SSE .000838 

.001715 

ssw .001631 

sw .002240 

.002055 .004178 .003425 .000205 .000137 .o 11143 

- --:-o_D_I-30l-----.-Oo-0::-3::-4-9::-3 .002603 .000205 ,000068 .008502 

------------------------------··----- -----·---
.002055 .003356 .002397 ,000068 .oooooo .009020 

.002123 .005890 ,003356 .000068 .013099 

.001644 .004658 ,002945 .000685 .oooo68 .010914 

.Q00959 
-._,o,-,o"l-4-,3o-8::-----."o-=-o-=-o-:-8-c-2-,2----.-,o:-o"'o"'o=-6-8=------.-,-o..,.o..,o-,o_6_,8--------.o::-o::-::-3"8,.9"o _______ ---·--·-·--- -----

.000685 

.001507 

.003082 

.002740 

.003836 

.COI507 

·:ao32a8 

.010137 

.012877 

• 020137 

.001370 

.003082 

.007055 

.010959 

.029384 

,000274 .000068 .004285 

.000753 .000205 .009674 

,001027 .000342 .023358 

.002808 .000685 .031699 

.008630 .003288 .067514 

-----w-,s=-w-----.-=-o-=-o-=-2-=-2-=-8-=-6-----.-o-o=-4-I-I:-:D::---··---:o-I-8-ISJ ----.-o-3=-2_4_6_6----.-D-1_2_9_4_5 _____ .o_o_4_4..,5..,2-------.-D-7_4_4_D_9 __ 

.001410 .002534 .009658 .015479 .004452 .001164 .034697 

WNW • ODD 762 
·---.o-O!na·---·-:aii3425-----.--oo.,.-6_2_3"3 ______ o_o_l_6_4_4-----.-o_o_o_2_o_5 _________ o_l_3_6_39 __ _ 

.000381 .000685 .003630 ,000548 .000137 .007841 

NNW .000419 .000753 .001507 ,001233 .000342 ,000000 

TOTAL .017808 .031438 .106164 .126438 .035137 .010959 

REL·A~Tc;Ic;-V;;Ec-;F:-;R:;-;E:-;0:;-;U-;-;E:-;N~C::-Y:;-;;O;:-F-;;-O-;oC-;;C,-;U-;;R-;;R-;oE-;-Nc;:Cc;Ec-;O:-;Fo--;O,---,S:-T=·A,-;:-B~I:-L~I~T::Y--==--.-:3c:2c:7c:9:-:4-:5o------------------------------- -----·· 

RELATIVE FREQUENCY OF CALMS DISTRIBUTED ABOVE WITH 0 STABILITY = .017603 

----------------------------------------·---------



J....Ulli.tA.L._ ---··---- ·- __ ___f_B_E__.Qu_£1L(l _ _jjO_J.I-'>5-J.T_jjRCJT..tPlll ur T_J(_J.OUNi!_ ______ _,s_,_T_.I_lT_lT_10lJINL-'-'-<2<.;3U0J.Jil1.1LJG"'IO]IL.JIL.J.Lllt:P"'"' _!1N.11M __ JL_ll0 e...s..._ ··- _12 I~.= ~Q ____ n 

SPEEO!KTSJ 

DIRECTJO" - 3 4 - 6 7 - I 0 11-16 17-21 GREATER THAN 21 AVG SP TOTAL 

----------~-------------o~----------~~~5~-----------.~5------------~o~----------~o------------~o----------~7~.s~----6~o~---------------------

--------------------------------------------------------------------------------
NNE 0 28 35 0 6,9 63 

------------------------ ----- --------
27 30 0 0 6.7 57 

ENf 23 30 0 0 7.1 53 

31 26 0 0 0 6.3 57 

ESE 23 13 0 0 0 6.1 36 

SE 0 11 D D a 5.6 45 

SSE 0 26 25 a 0 6.6 53 

--------------- ---------------------------------
62 114 a 7.1 176 

ssw 113 0 a 7.5 157 

0 so 0 a 7.8 195 

WSW 59 112 0 0 7,5 171 

28 52 0 0 7.5 8C 

12 
3 0 ------- _________ 0 _____________ 0 ___ __ 

0 7.2 42 

NW 0 10 16 D 0 7.0 26 

NNW 0 D B.l 16 

7.2 
-----------~ ---- --- ----------- - "--" 

AVC ,(! 5.1 8,5 .a ---------------------
.0 , D 

------ ------------- --
TOTAL 0 811 0 0 

----------------------------
NUMBER OF OCCURRENCES OF E STABILITY 1287 

------------------
NUMBER Of CALMS WITH SHBJLJTY = 

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

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



------··-----------

R ~ ~ u Lll£ f.Bf:O u EN c ~,s_,u_,_T_.r_,o"'N'----- _TI.UI"O,_,N-='---'2-3"'o,_.,8,_,1'--'G"A,_,L,_,L,_,u"'P--'-' _N,_M'-'----

SPEEDIKTSl 

DIRECTION 0 - 3 4 - 6 7 - 10 11 - 16 

.aooaoo .Q01027 .003082 .oooooo 

NNE .aooooo .001918 .002397 .oooooo 

------:N-:E:-----.-=-o-=-o-=-o-=-o-=o-=a--·------.-o-o_1_8_49------.-:-a-:-o-:-2-:-D-c:5-=5--- .oaoooo 

ENE .aooooo 

.oooooo 

ESE .000000 

SE .aooaoo 

SSE .000000 

.000000 

ssw .aaooao 

sw .oooaao 

WSW .ooaooa 

.aoaoao 

.aooooo 

.aooaoo 

NNW .oooooo 

TOTAL • 000000 

.001575 

.002123 

.001575 

.002329 

.001918 

.004247 

.003014 

.003425 

.004041 

.OOD18 

.000822 

.000685 

.000137 

.032603 

.002055 

.001781 

.000890 

.000753 

.001712 

.oo7sos 

.007740 

.009932 

.oo7671 

.003562 

.002055 

.001096 

.000959 

.055548 

.000000 

.oooooo 

.oooaoo 

.oooooa 

.aaaaao 

.aaoooo 

.000000 

.000000 

.oaooaa 

.oooooo 

.oooooo 

.ooooao 

.000000 

.oaoooo 

17 - 21 GREATER THAN 21 TO TAL 

.oooooo .oooooo .004110 

.ooooao .oooooo .Q04315 

.000000 .oaoooo .003904 

.oooooo .oooooo .003630 

.oooooo .oooooo .003904 

• 0 00000 .oooooo .002466 

• 0 00000 .oooaaa .003082 

.aaaaoa .aaaoaa ,003630 

.oooooo .oooooo .012055 

.000000 .oooooo .010753 

.oooooo .aoooaa .013356 

.aaaooo .oooaoo .011712 

• a aaoaa .aooooo .005479 

• 0 00000 .ooaoao .002877 

.oooaoa .aoaaoo .001781 

.000000 .oooooo .001096 

.aaaoao .aaoooo 

---;:R:;:E:-;-L·A-;T-;I-;,V:;:Ec-;Fc;:R;-;E:-;0:-:U-:-;E:-;N-:-;C:-;Y:;--cO;;cF;o-0;;-C;:-C=u"'R"'R""E"N"'C""E-;:O'F~ -,~--S;-o-T-:-A;;:B-;-I;-L-;ci-;cT-::Y--::----;;-;:-::-:~;----------------------------- - ·-- ------ ·-------· .088151 

RELATIVE FREQUENCY OF C~LMS DISTRIBUTED ABOVE WITH STABILITY = .aooaoo 

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



___ AJ:;J;U!.L. . _____ ...E..ill:..illl[ tiC L [l.LV RIB II II 0 N STATION =23081 GALLUP, NH 

----- --------·-···-----··. 
SPEEOIKTSl 

DIRECT! Oil - 3 4 - 6 7 - I 0 JJ-16 !7-21 GREATER THAN 21 AVG SP TOTAL 

-------------,--------=5-=2-----------------,o,-------::-------o,-------:5:-,-=1----=5'"'2 ___________ --

NNE 52 0 5.1 

NE 104 0 5.0 105 

ENE 79 0 0 0 5.0 80 

---------------· ------------------ -------
106 0 0 4,7 112 

ESE 63 0 0 0 66 

SE 51 
~-----=------::-----=------::--::-----c:c-------------

0 0 0 s.o 54 

SSE 67 a 0 0 5.1 68 

112 0 0 0 0 5.0 121 

ss~ 63 a 0 0 0 5.1 65 

83 a 0 0 0 s.o 85 

WSW 1a9 a 
·-··-- --- ---......,.----

0 0 5 .I 109 

57 0 0 a 0 5.0 6a 
------·-·- ---------

0 !8 0 0 0 5.2 18 

----.,-N-W ·---------· ------ --. 
13 a 

---------------------------------------· -·· 
0 5.3 13 

NNW 15 a 0 a·------4-. a---~--5-------
------------------------

AVG 2.9 5.a .a .o • 0 .a J, a 
------- ---------------

TOTAL 32 1044 0 0 

NUMBER OF OCCURRENCES OF F STABILITY 5!67 
--------·-------- --- .. - --------- -·---------------NUMBER OF CALMS WITH 5 TAB I LIT Y 4091 

------------------------. 



DIRECTION 0 - 3 

.DI3542 .003562 

NNE" .013870 .003562 

NE .027412 .007123 

ENE .020902 

.029577 .007260 

ESE .017393 .004315 

SE .003493 

SSE .017777 .004589 

.032127 .007671 

ssw .017064 .004315 

.t:lEb.Uil.£ .fRLQ!ilJIC Y DIS T.!OR_.I..,B_,U'-'T-'I"'O"'N'-------S'"-'-1 ,_, "-To_I,_O,N-==---<.2..J3,~0"'8c.i'-"G'-'A'-'L'-'L'-'U!.!P:...,,__,N;,:e'---

--------,--------
SPEEOCKTSI 

7 - 10 

.oooooo 

.DOOODO 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.000000 

.oooaao 

.oooooo 

II - 16 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.000000 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

TOTAL 

.017103 

.017432 

.034535 

.026313 

.036838 

.021708 

.017761 

.022366 

.039798 

.021379 

d 085 !.~I!>:~.o. 

sw .022272 .005685 

.oooooo 

.oooooo . o::co::co::co"'o"'o=-----===:-----===-------.-,0"'2oc7:::9oc5oc7::--··-·---- -------

WSW .028385 .007466 .oooooo .000000 .035851 

.015830 .003904 .000000 .oooooo .019734 

.004667 --.-ool2:l:l----.-o-o_o_o_o_o- ---.-=o-=o-=o-=o-=o-=o----===------,== ==-------.~o·o 5 no 

.00338~ .D00890 .000000 • oo o·=-o=-oo=----~==::---- -~~=---- -----. o-64276 

.003906 .001027 .oooooo .000000 .004934 

TOTAL .2A2397 --.071507-----·--.~o~o~o~o~o~o::--~--.o=-o=-=-o=o=o=o----~~~::---

---R-EiHIVE FREQUENCY OF OCCU-RRENCE or F STABILITY .353904 

RELATIVE FREQUENCY OF CALMS DISTRIBUTED ABOVE WITH STABILITY 

---···---------------

·------------------------------------
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JOB NO. 

A S1'A8ILITY CLASSIFICATION BASED ON HOURLY AIRPORT OBSERVATIO~ 

The following explanation of the Pasquill Stability classification has been extracted from an article by D. Bruce Turner in the February 1964 
Journal of Applied Meteorology. 

This system of classifying stability on an hourly basis for research in air pollution is based upon work accomplfshed by Dr. F. Pasquill of 
the British Meteorological Office (1961) .. Stability near the ground is dependent primarily upon net radiation and wind speed. Without the 
influence of clouds, insolation (incoming radiation) during the day is dependent upon solar altitude, which is a function of time of day and 
time of year. When clouds exist their cover and thickness decrease incoming and outgoing radiation. In this system insolation is estimated 
by solar altitude and modified for existing conditions of total cloud cover and cloud ceiling height. At night estimates of outgoing radiation 
are made by considering cloud cover. This stability classification system has been made completely objective so that an electronic computer 
can be used to compute stability classes. The stability classes are as follows: 1) Extremely unstable, 2) Unstable, 3) Slightly unstable. 
t;J) Neutral, 5) Slightly stable, 6) Stable, 7) Extremely stable. Table A-1 gives the stability class as a function of wind speed and net 
radiation. The net radiation index ranges from tt, highest positive net radiation (directed toward the ground), to -2. highest negative net 
radiation (directed away from the earth). Instability occurs with high positive net radiation and low wind speed, stability with ·high negative 
net radiation and light winds, and neutral conditions with cloudy skies or high wind speeds. 

The net radiation index used with wind speed to obtain stability class is determined by the following procedure: 

1) lf the total cloud cover is 10/10 and the ceiling is less: than 7000 feet, use net radiation index equal to 0 (whether day or night). 

2) For night-time (night is defined as the period from one hour before sunset to one hour after sunrise): 
a) If total cloud cover~4/10. use net radiation index equal to -2. 
b) If total cloud cover~4/10, use net radiation index equal to -1. 

J) For daytime: 
a) Determine the insolation class number as a function of solar altitude from Table A-2. 
b) If total cloud cover~S/10, use the net radiation index in Table A-1 corresponding to the insolation class number. 
c) If cloud cover;:>-5/10, modify the insolation class number by following these six steps: 

1) Ceiling<7000 ft, subtract 2. 
2) Ceiling~7000 ft but<.l6,000 ft, subtract I. 
3) Total cloud cover equal 10/10, subtract 1. (This will only apply to ceilings27000 ft since cases with 10/10 coverage 

below 7000 ft are 1::onsidered in item 1 above.) 
4) If insolation class numbet" has not been modified by steps (1), (2), or (3) above, assume modified class number equal to 

insolation class number. 
5) If modified insolation class number i~ less than 1, let it equal 1. 
6) Use the net radiation index in Table A-1 corresponding to the modified insolation class number .. 

Since urban areas do not becc:me as stable in the lower layers as non-urban areas, stability classes 5, 6 and 7 computed using the STAR 
program may be combined into a single class (5), or classes 6 and 7 may be combined and identified as class 6. 
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THIS TABULATION WAS PREPARED USING THE FOLLOWING HEADER CARD INFORMATION 

STATION NUMBER : 2 3081 

STATION NAME - GALLUP, NH 8 OB s 1976-BO 

LAT ITUOE = 3S.S!7 
----------------------------------~--------

LONGITUDE JDB.783 

TIME ZONE 10S.D 

THIS IS A REGULAR STAR RUN 

HEMISPHERE = "ESTERN 

NUMBER OF STABILITY CLASSES : 6 

INPUT : MAGNETIC TAPE DECK FAMILY 14 TAPE :4 

OUTPUT : "ONTHLY AND ANNUAL INPUT MUST BE SORTED IN STATION-MONTH SEQUENCE 

PERIOD Of RECORD : 76D1 BD12 ··----------·- ------
NUMBER OF OBSERVATIONS USED : B OBSERVATIONS PER DAY BEG::_I~Nc::N=lN=G__::W=.I_:_T.:_:H_.:.:Hc:eO_::Uc:Rc___::0,_,2:_ __ ·_··_ .... _ .. -'--c~--------~---------·------·~~--~ 
A TAPE CONTAINING INDIVIDUAL STABILITY OBSERVATIONS WA_::S_.:.:N_::O~T~R~E~Q~U~E~S~T~E::_D::__ ____ ~--~-~~-------------------------

···-.....,"-.. 

---------+--..,.-'--~--~,-------- -----~~----.. 
J 

-----------------------------------------------~--=-----~~---- ----------

---------------------------------------------------------~ ----~-

' ~- . 
·------~-------------------------------~--- ---- ~ ~-~-~-- -·---

j :J 
-----~-----------~--- ······~- --·~-~---~~--------------------

-~--- ----· -~---~~~ - ···-- -·- -----

i 



---·------ --··-- __ .uti!UAL .fRE.OJll:I!CY DISIRIBUTIOIL. -----~SuT~AuT~Iu0u'L'~=~2~3~0~8~J~G~A~L~LyU~P~,~N~M~--~~0EB~SL_ __ _Ll9~76-SO 

·--------·-------· 

SPEEOIKTSl 

--------------------------------------
- 3 - 6 7 - 10 11-16 17-21 GREATER THAN 21 AVG SP TOTAL 

0 6 0 0 0 0 q.7 6 

0 0 0 0 0 q.e 

0 6 0 0 0 0 q .a 

0 2 0 0 0 0 s.o 2 

0 6 0 0 0 0 q,8 

0 0 0 0 q.s 
)o~ • 

~~~~:.: ·J,·:: ESE 

:\1', ":; 0 0 0 q.7 q_ 

a 2 0 0 0 q.s 

0 0 0 0 q.7 

ss~ 0 0 0 0 q.7 

0 0 0 0 s.o 7 

·t WSW 0 20 0 0 0 q,9 20 

0 0 0 q.8 ;~---~----~--------~o-----~~~z-------7o ________ ~-----~------~-----~----------
:·-r 12 

WNW 0 9 0 0 0 0 q.9 9 

... NW 0 0 0 0 0 s.o 

: ~·. NNW 0 0 0 0 0 4.8 

AVG 3.0 .o .o .o .o 1.8 

-~, . ;:;TOUL 2 0 0 0 0 

~~\ '.I'IUHSER OF OCCURRENCES OF A STASILITY 281 

~UMBER OF CALHS WITH A STABILITY = I 75 

,.,· 
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STATION 230e1 GALLUP, NM __ _!!_~------ !_~1_~.:~!) __ 

SPEEDIKTSl 

DIRECTIOtJ 0 - 3 4 - 6 7 - 10 11 - 16 17 - 21 GREATER THAN 21 TOTAL 

.004677 .002123 .oooan .oooooo .oooooo .oooooo • 00762 3 

NNE .001720 .000753 .ooo54B .000000 .000000 ,000000 .003021 

NE • o o 3_7_a_3 ---- -----: iio!575--- --. ._,o._,o...,o"""77S 3 .oooooo .oooooo t 000000 .006112 

ENE .oo1on .000753 .oooooo .oooooo .oooooo .00<1257 

.002408 .001096 .ooo753 .000000 .oooooo .oooooo .004257 

.oooooo .001510 ----~E~s~E~----.o~o~o~a~276-----.-oo64li1___ .ooo214-----• ...,o~o~o~o~o~o~---.~o~o~o~o~o~o----~~~~------~~~~---

SE 

SSE 

ssw 

Sll 

liS II 

.001582 

.001720 

.002471 

.003027 

.000685 .0001111 

:ooo1s3 --- .ooo342 

-----:-ao1233 ___ • ooo 9 s 9 

.000890----.001027 

.oo1507 .001986 

.oooooo 

.000000 

.000000 

.oooooo 

.oooooo 

.oooooo .000000 .002678 

.oooooo .oooooo .002815 

• 0 00000 .oooooo .00<1668 

• 0 00000 .ooonoo .004325 

.oooooo .000000 .006520 

~""'oc::oc::s--=9--=e--=-4-------. -0 o2671 .oooooo .011121 ---.-o-o2466 -------.-o-o-o-oo-o----.-o-o"'o'"'o"'o'"o~----=~--------~-,---,-~-

.006<166 .00301<1 .oooooo .011740 ----.""'o~o'"'2'"'2076D----.""'o"'o"'o"o"o"o,------.-o=o~o=-o=-o=-o-------===,-----------,-=---=----------·----------

--- --~~-N-1/- -----.-07072"'9. 58 .001370 .001233 .000000 ;oooooo .000000 .005561 

Nil .003990 .001781 .-)00822 --- --~o-ooo-oo--------. o=-o::-:o:-;o:-;o:-::o .000000 .00659Z 

NNW .000753 • 000822 .oooooo .000000 .000000 .003501 

TOTAL - .0<18356 • 021712 ------ ---= 51623"3-------. 000000 .oooooo .oooooo 

RELATIVE FREQUENCY OF CALMS "ro~I~S~T~R~I"B~ucr"E~O~A00BOnuv<E-cw'r'ruH-o--,S~T~A"B~I~L~I~T~Y--~:~--.noT.q<6'7"8'1-----------------------------

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

---~---~--------- -----

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



VOLATILE ORGAN!C COMPOUNDS - EXAMPLES 
Practical 

Quantitation 
Limltsb 

Ground water Low Soil/Sediment 

Volatiles CAS Number ug/L ug/Kg 

1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 
4. Chloroethane 75-00-3 10 10 
5. Methylene Chloride· 75-09-2 5 5 

6. Acetone 67-64-1 100 100 
7. Carbon Disulfide 75-15-0 5 5 
8. 1,1-Dichloroethene 75-35-4 5 5 
9. 1,1-Dichloroethane 75-35-3 5 5 

10. trans-1,2-Dichloroethene 156-60-5 5 5 

11. Chlorofonn 67-66-3 5 5 
12. 1,2-Dichloroethane 107-06-2 5 5 
13. 2-Butanone 78-93-3 100 100 
14. 1,1,1-Trichloroethane 71-55-6 5 5 
15. Carbon Tetrachloride 56-23-5 5 5 

16. Vinyl Acetate 108-05-4 50 50 
17. Bromodichloromethane 75-27-4 5 5 
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 
19. 1,2-Dichloropropane 78-87-5 5 5 
20. trans-1,3-Dichloropropene 10061-02-6 5 5 

21. Trichloroethene 79-01-6 5 5 
22. Dibromochloromethane 124-48-1 5 5 
23. 1,1,2-Trichloroethane 79-00-5 5 5 
24. Benzene 71-43-2 5 5 
25. cis-1,3-Dichloropropene 10061-01-5 5 5 

26. 2-Chloroethyl Vfnyl Ether 110-75-8 10 10 
27. Bromofonn 75-25-2 5 5 
28. 2-Hexanone 591-78-6 50 50 
29. 4-Methyl-2-pentanone 108-10-1 50 50 
30. Tetrachloroethene 127-18-4 5 5 
31. Toluene 108-88-3 5 5 
32. Chlorobenzene 108-90-7 5 5 
33. Ethyl Benzene 100-41-4 5 5 
34. Styrene 100-42-5 5 5 
35. Tota 1 Xyl enes 5 5 

asample PQLs are highly matrix-dependent. The PQLs listed her~!n are provided 
for guidance and may not always be achfeveable. See the following infonnation 
for further guidance on matrix-dependent PQLs. 

bPQLs listed for soil/sediment are based on wet weight. Normally data is 
reported on a dry weight basis: therefore, PQLs will be higher, based on the 
X moisture fn each sample. 

Other Matrf ces: 

Water miscible lfqufd waste 
Hfgh-level sofl & sludges 
Non-water miscible waste 

Factor1 

50 
125 
500 

lPQL = [PQL for ground water (Table 2)) X [Factor]. For non-aqueous 
samples, the factor fs on a wet-weight basis. 



SEMI-VOLATILE ORGANIC COMPOUNDS - EXAMPLES 

Base/Neutral Extractables 

Parameter 

Acenaphthene 
Acenaphthylene 
Anthracene 
Aldrin 
Benzo(a)anthracene 
Benzo(b}fiuoranthene 
Benzo(k}fluoranthene 
Benzo(a)pyrene 
Benzo(ghi}perylene 
Benzyl butyl phthalate 
[J-BHC 
d·BHC 
Bis(2-chloroethy/Jether 
Bis(2-chloroethoxy}methane 
Bis(2-ethylhexyllphthalate 
Bis(2-chloroisopropyl}ether 
4-Bromophenyl phenyl ether 
Chlordane 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4'-000 
4,4'-DDE 
4.4'-DDT 
Dibenzo(a,hJanthracene 
Di-n-buty/phthalate 
1, 3-Dichlorobenzene 
1 ,2-Dichlorobenzene 
1 A-Dichlorobenzene 
3, 3 '-Dichlorobanzidine 
Dieldn'n 
Die thy/ phthalate 
Dimathy/ phthalate 
2.4-Dinitrotoluene 
2, 6-Dinitrotoluene 
Di-n-octylphthalate 
Endosulfan :sulfate 
Endrin aldehyde 
Fluoranthene 
'Fluorene 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hexach/orobutadiene 
Hexachloroethane 
/ndeno(1,2,3-cd}pyrene 
lsophorone 
Naphthalene 
Nitrobanzene 
N-Nitrosodi-n-propy famine 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-124B 
PCB-1254 
PCB-1260 
Phenanthrene 
Pyrene 
Toxaphene 
1,2,4-Trfch/oroberuene 

Acid Extractables 

Parameter 

4-Chloro-3-methylphenol 
2·Chlorophenol 
2, 4 -Dichlorophenol 
2, 4 -Dimethylphenol 
2. 4-Dinitrophenol 
2·Methyl-4, 6-dinitrophenol 
2·Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2, 4, 6- Trichlorophenol 

CAS No. 

83-32-9 
208-96-B 
120-12-7 
309-00-2 

56-55-3 
205-99-2 
207-08-9 

50-32-8 
191-24-2 
85-68-7 

319-85-7 
319-86-8 
, 1-44-4 
, 1-91·1 
117-81-7 
108·60-1 
101-55·3 
57-74-9 
91·58-7 

7005·72-3 
218-01-9 

72-54-8 
72·55-9 
50-29·3 
53-70-3 
84-74·2 

541·73·1 
95·5Q-1 

106-46·7 
91-94-1 
6Q-57-1 
84·66·2 

131-11-3 
1 21·14-2 
606-20-2 
117-84-0 

1031-07-8 
7421-93-4 
206-44-0 

86-73-7 
76-44-8 

1024-57:3 
118-74-1 
87-68-3 
67-72-1 

193-39·5 
78-59-1 
91-20-3 
98-95-3 

621-64-7 
12674-11-2 
11 104-28.·2 
11141-16-5 
53469-21-9 
12672-29-6 
11097-69·1 
11096-82-5 

85-01-8 
129-00-0 

BOO 1·35·2 
120-82-1 

CAS No. 

59-50-7 
95-57-8 

120-83-2 
105-67-9 
51-28-5 

534-52-1 
88-75-5 

100-02-7 
87-86-5 

108-95-2 
88·06-2 



REGULATORY LIMITS - DRINKING WATER 

Contaminant Unit MCL 

Primary regulations• 
Inorganics 

Arsenic mg/L 0.05 

Barium mg/L 1.0 

Cadmium mg/L O.Ql 
Chromium mg/L 0.05 

Fluoride mg/L 4.0 

Lead mg/L 0.05 

Mercury mg/L 0.002 
Nitrate (as N) mg/L . 10.0 

Selenium mg/L o.ot 
Silver mg/L 0.05 

Microbials 
Coli forms 11100 mL 

Turbidity ntu 1-5 

Organics 
2.4·0 mg/L 0.1 

Endrin mg/L 0.0002 

Lindane mg/1. 0.0004 

Methoxychlor mg/L 0.1 
Toxaphene mg/L 0.005 
2,4,5-TP silvex mg/L O.Ql 
Trihalomethanes (chloroform, 

bromoform, bromodichlo- . 
romethane, dibromochloromethane) 0.10 

Radionuclides 
Beta particle and 

photon radioactivity mrcm 4 (annual dose 
equivalent) 

Gross alpha particle 
activity pCi/L 15 

Radium·226 + radium-228 pCi/L 5 
Volatile organic chemicals 

Benzene mi{/L O.OO!i 
Carbon tetrachloride mg/L 0.005 

1,2· Dich loroet ha ne mg/L 0.005 

l,l·Dichloroethylene mg/L 0.007 

l.l.I·Trichloroethane mg/L 0.20 

para-Dichlorobenzene mgiL 0.075 
Trichloroethylene mg/L 0.005 

Vinyl chloride mg/L 0.002 

Secondary rcgulationst 
Chloride mg/L 250 

Color color units 15 

Copper mg/L I 

Corrosivity noncorrosi \'e 

Fluoride mg/L 2 

Foaming agents mg/L 0.5 

Iron mg!L O.:l 

Manganese mg'L 0.05 

Odor T0:-.1 · 3 

pH 6.5-fi.S 

Sulfate mg/L 250 

Total dissolved solids mgl!. ;.oo 
Zinc mgtL 5 



~\i{;.<:_~/ 
~;{f?;K~ ------------------------------------------~-------------------

-'-~-----------"'~N"-N""!u_lti__ _____ _ 

------------·------

DIRECTION - 3 4 - 6 

N 2 169 

NNf 14 6 

NE 236 

ENE 198 

E 204 

ESE 121 

SE 115 

SSE 138 

10 267 

ssw 194 

sw 267 

)-.- WSW 366 

-., 250 

i·-~----W-N-W-------~------118 
:' :---~'' 

NW 2 82 

-NNW 59 

AV G 2.9 5.1 

TOTAL 63 2930 

·;J,.c,,:!:- TOTAL NUMBER Of OBSERVA liONS 14600 

TOTAL NUMBER Of CALHS 
,,•·· 

5426 

.. £..R.£0..U.£...Y nrsrereqrraN STATION -23081 GAll up. NM OB S 1976-80 

SPHOIKTSI 

---------- -------------------------------
- 10 11-16 17-21 GREATER THAN 21 AVG SP TOTAL 

154 53 2 7.8 38 3 

116 41 7.7 311 

114 39 2 0 6.8 39 5 

182 52 7.7 443 

135 46 10 7.4 403 

46 13 6.5 186 

50 22 7.2 197 

91 46 11 3 8.1 291 

316 114 19 8.3 731 

372 185 46 14 9.6 817 

564 489 153 59 11.3 1536 

555 540 225 71 u.s 1760 

314 272 73 18 10.2 933 

146 107 9.5 402 27 
-------,--------------------------------------------------- -· ---------

83 60 9 2 9.2 238 

62 19 0 s.o 14 8 

8.6 13.5 18.9 24.2 6.0 

3300 2098 601 182 

.<:-, ~--------------------------------~-
:' ~~ - \~ 

f:~?-~:\~,.- _:·:l!_~-----~-~-~------------------------------------------·---:---------------------
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A NNUA RELATIVE FREQUENCY DISTRIBUTION STATION 23081 GALLUP, NH 8 OB S 1976-80 
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APPENDIX C 

Appendix IX - Analyses and Methodology 
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Attalytical Services ,... ... 
GCMS TARGET LISTS 
MADE SIMPLE 

1 '!!1 si::·np\ify project plaunhtg <!Gdq.ata 
rcvi~w. 'lf.r.h Nole- .~provides a 1tbk of 

I ~~~;o:. c~romato~apohic/1t:aas sp~tr<•-
! mc.-ul::: (GCJsfS) volatile and s~>.mivnla

tUc ot;ifanit ch~miiAI!i r.ov~rett ~-EPA's 
' r::~ajur l.'.'i\fel and Y,{!.Ste regulations, 

P~:-;tid6$ normu?ly analyzed by gas 
t~11'om;J;t•l£'ra;>hk methods ha.Ye been 
o1:1itted. irom tiLe ilsto. 

RADIAN 
-.:Oiiltii'DRAYICJI,. 

Be aw·are thnt the tnble of GC/MS 
target compollltdt- tall ctmnge as BPA 
~mends iti rcgulaclous or prou:uigare:E: 
new unes, Note-t ulsu, that tha~ aro 
two sepa:r~~cl~ TCLP Ill-It# '" 1ll-Jddty 
and Land ban - fur solvent was~~ 
(FU!H·F'OlHl) ~mil thr,tl;(': .;:onr;!,illi"g 
nlmdns (FCI20·t-·o23; F026·foga). Stiw 
allf"al.'e of ~h~tgps ln regllhH.i(m!l by 
rcferrinu ~u awrupt(::tre \"IH;Jmic~,1ur 

1 trade journul~ or to the .N:tierat 

Vnlumt! 2. Nqnii:lf'-J' 3 
:\iay 1989 

5 EtoiMtttttt:PM ·" ,, ..... 

In ndd•tinn. r.nll•JS for an update 
!rQnt Hme {I) till\~ - we will b~ happy 
t<l adv~sw you -o.."' chang<:s t() T«h iVcte 
3, And ii~ 01iWays, ].adiAt1's Mll.rketing 
Man:~g~r~> und Ct\~nL Service.Cmlr· 
Cii:<Jors Will activ-t.'ly help )"OU identify 
th~ h~!"t rw<ly<;!;: r.:H!thods :m~ th~ 
1nvst approp.l'iam -:xm~ppund Jtsts for 
yout llt~.mJ~)ri:J!=l needs who1~ you 
!>L::t~dll~t! wm·k w(th Radi~n·~ 
Analyt:!lll Sen'ke:i J...almrat~lrjt:~. 

J Reister. 

r------------------------~------------------------~------------------------~ 
VOlA1'1lE ~OMPOUNDS"' 

rEsr PAIIAMFCEIS BY REGUlJliONS 
!-------~---------.,...-------·- -·-·--- --------.,----1 

RCRA "SDPERFil~ 11._ 

AlfALVTE NPDES• I APPE'NDIXIX 0240' SKIItK!II 'TCf,P 
i 'l~mi:cit;·· T.~ittd ~)l\11 

I ! 
I 

v ~/ .,--

v t .... '•!1-+~ 

v' { i 
t' v ,; 

' ..-·-- ~-
l/ ' 

I 

-----t----+----+·-_,f----+. ---+·--------

f' v' t' i J v 
,-----------r----~-r--~---~--~--~--~--;---~--;---~-------r-~-, 

~ ~ ~ 

v· v· . v 
-·;;:-----;--· n--v-~--;-------+--------t-------+---v---1 

v' 

~-----4----l 

I 
-··---1--------+--------l-------r--------r-------;-------+ -·----+----1 

1-----------··---+--- ---+-----~---·-· ·-L---1---+----+ 

------------- --~- ----·- --.·-·----(c_o_m:•J 



I VOLATILE COMPOUNDS (cont.) I 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TC!.P CLP 
Toxicity Land ban 

Chlorobenzene v' v' v' v' v' v' v' v' 
Chlorodibromomethane yf yf yf v' v' 
Chloroethane v' v' v' v' v' 
2-Chloroethylvinyl ether v' v' v' 
Chloroform v' v' v' v' v' v' v' 
Chloromethane v' v' v' v' v' 
Chloropropene v' 

0 
1,2 Dichlorobenzene v' v' 
1,3 Dichlorobenzene v' v' 
1,4 Dichlorobenzene v' v' 
1,2-Dibromo-3-chloropropane v' 
Dibromomethane y'g v' 
1,2-Dibroma~thane .··: v' yh 

1,4-Dichloro-2-butane v' 
t rans-1 ,4-Dichloro-2-butene v' v' 
Dichlorodifluoromethane v' v' 
1,1-Dichloroethane v' v' v' v' v' 
1,2-Dichloroeth~me v' v' v' v' v' v' v' 
1,1-Dichloroethylene v' v' v' v' v' v' 
I m ns-1 ,2-dichloroethylene v' v' v' v' v' 
1,2-Dichloropropane ~ v' v' v' v' v' 
cis-1,3-Dichloropropene v' v' v' v' v' 
trans·l ,3· Dichloropropene v' v' v' v' v' 
1,4 Dioxan~, v' v' 

E 
Ethanol v' 
Ethyl acetate v' 
Ethyl .. benzene: v' v' v' v' v' v' v' 
Ethyl ether v' 
Ethyl methacrylate v' v' 

H 
2-Hexanone v' v' v' 

1 Listed as dibromochloromethane 
<Listed as methylene dibromide 
h Listed as ethylene dibromide 
'Listed as methyl iodide 

(cont.,.) 

2 



VOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TCLP CLP 
Toxicity Land ban 

I 
lodomethane yi v 
!so butanol v v 

M 

Methacrylonitrile v 
Methanol v 
Methylene chloride v v v v v v v 
Methyl ethyl keton.e yj v v v v v 
Methyl isobutyl ketone yk yk v v 
Methyl methacrylate v 

p 

Propionitrile v 

s 
Styrene·:·.' v v v v 

T 
1,1, 1,2:r'etrachloroethane v v 
1, 1 ,2,2:r'etrachloroethane v v v v v v 
Tetrachloroethylene v v v v v v' v 
Toluene v v v v v v v v 
1,1,l:r'richloroethane v v v v v v v 
1,1,2:r'richloroethane v v v v v v 
Trichloroethylene v v v v v v v 
Trichlorofluoromethane v v v v 
1,2,3:r'richloropropane v v 
1, 1 ,2:r'richloro-2,2, l·trifluoroethane v 

v 
Vinyl acetate v v' v' 
Vinyl chloride v' v v v' v v' 

X 
Xylenes v v' v' v' v' 

i Listed as 2·butatone 
k Listed as 4·methyl·2·pentanone 

3 
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VIII MASS SPECTRA LIBRARY 

1-Aceyl-2-thiourea Saccharin 
5-(Aminomethyl)-3-isoxazol 2;4-Toluene diamine 
Amitrole 2,3-Toluene diamine 
Auramine · · 2,6-Toluene d.iamine 
Benz(c)acridine · 3,4~Toluene diam1ne 

Ensecc 

Benzene, Dich1oromethy1 Trichloromethanethiol 
Benzo(j)f1uoroanthene Tris(l-azridinyl)phosphine Sijlfide 
p-Benzoquinone Tris .. (2,3 DBP)phosphate 

·Benzotrich1oride ·Warfarin· 
·~enz~l ch1oride . ,,Allyl alcohol . 
3-Ch 1 oro prop ion i tril e . . . . . . . . _. •: . N, N·bi s (2-ch l oroethyl) ·2-naphthyl amine 

.~:2-Cyc1ohexy1-4,6-dinitrop ol. ':i~:::_ .. ,·,. .. :·~;<.;>.::>:.;:~>::.:~.'~·Brucine . ! ·~. ; .. ,·: · ... :;:·.,· 
.. Dibenz (a, h) acridine · . .- ·· ·; : · · -. · · .. ·: ... :::··.·:2-Butanone peroxide .. :.· .-:-
. Oibenzo(a,j)acridine . ·. · .. · .. :.~· ·· ·~.. . .. ·· Dihydrosafrole 
.7~-Dibenzo(c,g)carbazole ·. -. .. . · ·~·. -·.··i: .. 1,1-Dimethylhydrazine 

·;oibenzo(a,e)pyrene · .... · ··~ · ·.-.·:···.~y"l,2-Dimethylhydrazine ·:. . 
. Dibenzo(a;h)pyrene · .. .. ~·_.:, :,·.,.>::';Dimethyl sulfate · .. "';. 

. :Dibenzo(a, i) pyrene ·· . ., ... ·,-,. · 4-0ithiobiuret · .. : :.: · ...... ~·: ·./ .. ::· .. 
·-~./ ,';3,3*-0imethoxybenzidi .-".:!f,,:~;+·l~.,.""·:;;: · . 'hleneimine ·):.'~\:.t_i_~~t;~~::;·;&''!(Il:;J...;~:, 
~-:·::~it't~2.-0initrobenzene·: ··_i~~~tt~~:~~~·g~ · lene bis dithi~al;bil!llf .?a¢:fd: *'f · 
\f·~~;:1t,4..:oinitrobenzene · c; acid ·:.i;;;*~~~~;;)t=~. .'~, 
...... · ·'~?Ethyl carbamate . . ine · :·:;::f•·:~,:.;~~~~t,·;;:;;'::~~ .. ,1,(~-,·'~·~. 

··.Ethyl enethiourea .. .... . . :·.:: · Isosafrole ... · · .• · •. ·.·.· . 
. Malanonitrile .. 

1
· ... ,,· · ·- ····''.Maleic anhydride .::-.,:;.· ·. 

Methornyl · 
1 

• · .... ., .... ·- ... · ····· '· . ···Maleic hydrazine -~ ·. · 
Methy1cho1anthrene ! · 2-Methylaziridine 
4·, 41 -Methyl enebi s (2-ch 1 orQan il in e) · ,. 2-Methyll actoni tri 1e 
2-Methyl-2-(methylthio) PfoPionaldehyde ·Phthalic anhydride 
Methylthiouracil 1 'Propylthiouracil 

· 1-Naphthyl-2-thiourea 1 · 2-Propyn-l·ol 
;·Nicotine / ··· · ··~·:··: Safrole 
·N-nitrosodiethanolamine _ ./.~ .. ;. ~~:· ... <)Uracil mustard 
N-nitroso-n-ethylurea ' I 'r· 
N-nitroso-n-methylurea i 

N-nitroso-n-methylurethan~ 
N-nttrosomethyl vinyl amine' 

·N-nitrosanornicotine 
N-nitrososarcosine 
1,3-Propane sulfone 

. H-propyl amine 
Resorcinol 

., ·~~ ,_ ... 
• •'' ":'' "'!'· 

2:00'3!:JC:Jd 
lt:JI-<JCJ 0J3SN3 vWCl.::J 1717: £i l 68, 62: ()Ot-1 ------ ... -- ----- .. -------------------- ---------------- ___ .. __________ _ .... __________ ---- ............... .. 
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INDUSTRfAL INORGANIC CHEMISTRY 

~ETALS DEPARTMENT 
i 

ICP INSTRUMENT DETECTION LIMITS NOVEMBER 1989 
I 

j ~6 
ELEMENT ltDL,. ., D" EHSECO ILL* riLl REPORTING LIMIT (lllg/1-) 

Aluminum 0.03 0.1 500 
Antimony 0.02 0.05 100 
Barium 10.002 0.01 100 
Beryllium 0.002 0.002 40 
Cadmium I o.oo4 0.005 100 
Calcium 0.02 0.1 500 
Chromium 0.01 0.01 100 
Cobalt 0.005 0.01 100 
Copper 0.004 0.01 100 
Iron 0.001 0.1 500 
Lead o.ooa o.os 100 
Magnesium. 0.009 0.2 500 

. ·Manganese 0.006 0.01 100 
Molybdenum 0.003 0.02 100 
Nickel o.ooa 0.04 100 
Potassium 0.06 s 500 

·· Silver . o.oo~ : \·. •' 0.01 .... 100 
Sodium .0.01 •' 5 : 800 
Vanadium .0.003 ... 0.01 100 
Zinc :, . 0.001 0.01 ' 100 

Additional 
i 

analY~tes and levels available 

At"senic 0.02 0.1 100 
Boron 0.001 0.02 100 
lithium o.ooa 0.05 soo 
Phosphorus o.os 0.2 400 
Se.1 eni um 0.05 0.2 100 

I Silica as Si02 0.04 0,2 500 
Strontium 0.02 0.05 100 
Thallium 0.4 2 100 
Tin 0.05 0.05 100 
Titanium I 0.001 o.oos 100 

* 
I 

IDL • Instr~ent Detection Limit 
ILL • Instr ent Linear Limit 

I 

800':39tld 
----------- ---- .. - .. ltJt.<J::J OJ::JSI'-1:3 WOCJ.:l -------- ---------------- t?t:>:sr ss, sc:: noN 



i SEMIVOLATILE COMPOUNDS* 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 
ANALYTE NPDES 6251 APPENDIX IX 8270m SKINNER TCL_P_ CLP 

Toxicity Land ban 

A 
Acenaphthene y y y y y 
Acenaphthylene y y y y y 
AcetophPnnnP y y 
. 2-ACetylam i nnfhwrene y 
4-Aminobiphenyl y y 
Aniline y y 
Auuudcem:·' y y y y y y 

Aramite y 

B 
Benienethiol.:, y 
Benzidine y y 

-
y y 

y y y y y ·.; 
y y y y y y 
y y y y y y 

lrr y y y y y 
y y y y y y 

Benzyl alcohol y y y 
Bis(2·chloroethoxy)methane y y y y y 

y v' y y y y 
Bis(2-ch ~I.' 1 vpfl)etner y y y v' 
Bis(2·ethyltn::.~~.yl)phthalate y y y y y 7 
4·Bromophenyl phenyl ether y y y y y 
Butyl benzyl nhth~IMP yP y y y y y 

c 
4·Chloroaniline yQ y y 
Chlorvv~nzilate y 
4-Chloro·3·methylphenol y'r y y'r y y 
l·Chloronaohthane y 
2-Chloro~ y y y y y 
2·Chlorophenol y y y y y 
4-Chlorophenyl phenyl ether y y y y y 

'This list of compounds, which is a comparison of lists and methods as performed at Radian, is current as of publication date. It should not be used as 
a substitute for consulting the most recent issue of 40 CFR or methods for any changes. Chromatographicable pesticides are excluded from this list. 

140 CFR, Pt. 136, Appendix A. 
mSJV-846, 3rd Edilio11 

I "Listed as 2,2!oxybis(l·chloropropane) 
"Listed as bis(2·chloro·l methylethyl )ether 
"Listed as benzyl butyl phthlate 
"Listed as p·chloraniline 
'Listed as p-chloro·m·cresol (cont.,..) 

4 



SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 
ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CLPd 

Toxicity Land ban 

~onP 
y y y y y y 

y 

0 
Diallate y 

y 

Dibenzo(a. i)acridine y 
y y y y y y 

DihPmnfm:J n~ y y • y 
tetrachloro 
pentachloro 
hexachloro 

1 ,2-Dibromo-3-rh.~ • ._,..ru!J<me y 
y y y y y y 
y y y y y y y y 
y y y y y y 
y y y y y y y 

3,3! Dich!Ol VU<::U£.1UI1110 y y y y y 

2,4-Dichlorophenol y y y y y 

2,6-Dich: •vpw;:;uvl y y y 
y v y y y y 

p(Dimethylarn ina: 11L.1011t: y y 

3-3!Di~ethylhPn7.iclinP • ..._ 
y y y 
y 

o.o-DimPthvlnhPnPthylamine y y 
y y y y y y 
y y y y y y 

m-DinitruueuL.ene y 

4,6-Dinitro-2-methylphenol y y ys ys y 
y y y y y y 

2,4-Dinitrotoluene y y y y y y 

2,6-Dinit, y y y y y 
y y y y v y 

Dioxins • 
tetrachlorodibenzo-p-
pentachlorodibenzo-p-
hexachlorodibenzo-p-

Diphenylamine y y 

1,2-Diphenylhydrazine y y 

' Listed as 4,6-dinitro-o-cresol 
• Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) (cant,..) 

5 
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SEMIVOLATILE COMPOUNDS (cont.) 

ANALYTE NPDES 

E 
Ethyl methanesulfonate 

F ...... v 
Fluorene v 

H 
Hexachlorobenzene v 
H PX:l rhlorobutad iene v 
H Px:l rhlorocyclopentad iene v 
H PX:l rhloroethane v 
HPx:lrhlorophene 
HPx:whL 'vl-'•vpene 
2-Hexanone 

I 

Indeno(1,2,3-cd)pyrene v 
Isodrin 
Isophorone v 
Isosafrole 

M 
Methapyrilene 
3-Methylcholanthrene 

Methyl meth:>nP<mlfnnMP 

2-Methylnaphthalene 

til 
N .,.,,,.-

v 
__!,4-N<11_,muuquinone 

'Listed as o,m,p cresols 
"Listed as o,m,p nitroanilines 
' Listed as o nitrophenol 

6 

CWA 
625 

v 
v 

v 
-.; 

v 

v 

v 

v 

TEST PARAMETERS BY REGULATIONS 

RCRA SUPERFUND 

APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

v v 

v v v v 
v v v 

v v v v 
V' 7 v v 
v 7 v 
v v v v 
v 
v 
v 

v 
v v v 
v 
v 7 v 
v 

v 
v v 

v 
v v 

v 
v v v 
y't v v y't y't v 
y't v y't y't 

y't v v y't y't v 

v v v v 
v 

(cont 1\!1>) 
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i ) SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CLP 
'!9l(icity Land ban 

1-Naphthylamine y y 

2-Naphthylamine y y 
2-NitroanilinP yu y y 

3-Nitroaniline yu y y 

4-Nitroaniline yu y y 

Nitrobenzene y y y y y y y 

5-Nitro-o-tolnin inP y 

2-Nitrophenol y y yv y y 

4-NS:e-1-oxide 

y y yw y y y 
y 

N-N,c,u::.uuJeu•y:tamine y 

N-Nitrosodi111ethylamine y y y 

N-Nitroso-di-n-butylamine y y 

N-Nitrosodi-n-pl"opylamine y y y y y 

N-nn.L~l)(Jlperidine y y 

N-Nitrosodiphenylamine y y y y 

N-Nitrosomethylethylamine y 
N-N:• :pholine y 

N-N!Ll v.ovp,r rrolidine y 

p 

Pentachlorobenzene y y 

Pentachloroethane y 

Pentachloronitrobenzene y y 

Pentachlorophenol y y y y y y 

PhPmH'Ptin y y 
y y y y y y 
y y y y y y y 

_iJ-Ph~enPrli~minP y 

2-Picoline y y 

Polychlorinated dibenzofurans yX 

-~~ly~inated dioxins yx 
PronaminP y y 

~ 
y y y y y y 

y y y y 

Q 
y 

w Listed as p·nitrophenol 
x Listed as polychlorinated dibenzo·p·dioxins and polychlorinated dibenzofurans by Method SW8280, SW-846, 3rd Edition 
• Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) (cant.,.) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES" 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

s 
Safrole y 

T 
1,2,4,5-Tetrachlorobenzene y y 

2,3,4,6-Tetrachlorophenol y y y • 
a-Toluidine y 
1,2 ,4-Trichlorobenzene y y y y y 

2,4,5-Trichlorophenol y y y • y 

2 ,4,6-Trichlorophenol y y y y y * y 
sym-Trinitrobenzene y 
0,0,0 Triethylphosphorothlate y 

• Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) 

RADIAN 
COAP0RA1'10H BULK RATE 

Return Address: U.S. POSTAGE PD. 

P.O. Box 201088 AUSTIN, TEXAS 

Austin, Texas 78720-1088 PERMIT NO. 266 

Radian Laboratories: 
AUSTIN 
8501 Mo·Pac Blvd. 
P.O. Box 201088 
Austin, TX 78720-1088 
(512)454-4797 

MILWAUKEE 
5101 West Beloit Rd. 
Milwaukee, WI 5321-1 
(414)643·2701 

PERIMETER PARK 
P.O. Box 13000 
Research Triangle Park, NC 27709 
(919)481·0212 

SACRAMENTO 
10395 Old Placerville Road 
Sacramento, CA 95827 
(916) 362·5332 

A company oi The Hartford Steam Boiler Inspection and Insurance Co. 
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-:-- ~-. ' . 
Tit Volatile Organics - Appendix IX List 

Method 8240 
.(' 

Cod · #VOAM-AP9-SW ... 
Uni : ug/kg {wet weight) 
Mat x: Soil I 

I 
I 
I Reporting ! 

CAS TCL I Analyte\ L irnit 

67- ·1 6. Acetone i 5000 
75 .,;a .. Ace toni tr 1 e 5000 
107' 2oo8 * Acrolein 5000 
107 3-1 'il Acrylonitrile 5000 
010 05-1 * Allyl Ch1oride (3-Ch 1 oroprene) 1000 

7h -2 23. Bem;ene : 500 
75- -4 17. Bromodic~loromethane 500 
75 .. -2 25. Bromofom 500 
74 -9 2. Bromomet~ane 1000 
78- -3 13. 2-Butano e (MEK) 5000 

I 

75- ~o 7. Carbon oi sulfide 500 
56 .. ~s .. 15. Carbon Tetrachloride 500 
108 0-7 31. Chlorobe~zene 500 
75 -3 4. Ch1oroettne 1000 

('" 67- -3 11. Chlorofo~ 500 

1. Chlorome hane . 1000 ·1., 

* Chloropr ne (2-chloro-1,3butadiene) 500 
21. Dibromoc~oromethane 500 
* 1,2-Dibr o·3"chloropropane (DBCP) 1000 
* 1,2-Dibr moethane (EDB) 1000. 

* Dibromom~thane 500 
* trans-1,4-Dichloro-2-butene 500 
* Oichlorodifluoromethane (Freon 12) 2000 
9. 1,1-0ich~oroethane 500 
12. 1,2-Dichloroethane 500 

I 

8. 1,1-Dichi/oroethene ~-ethylene) 500 
10. 1,2-Dich~oroethene total) 500 
18. 1,2-Dichlcropropane 500 
19. cis-1,3- ich.loropropene . 500 
24. trans-1, -Dichloropropene 500 

* 1,4-Dioxane 10000 
32. Ethyl Be~zene 500 
* Iodometh n~ 500 
'It tscbutandl 5000 
27. 2-Hexanone 1000 

I 
I 

* Methylacr~lonitrile 500 
(. 5. Methylen~ Chloride(dichloromethane) 2500 

26. 4-Methyl-:2-pentanone (MIBK) lOOO 
* Propionitrile {ethyl cyanide) 500 
33. Styrene ' 500 

8013. 38tJd ltJWd OJ3SN3 NOd~ 08:SJ 68, 62 nON 

-------------------------------------------------------------------------------------------------------... 



r··· 
~. 

* 
30. 
28. 
14. 
22. 

20. 
* • 
29. 
16. 

75;. 3. 
133 34. 

(__ 

\700'38\:;ld 

I 

1,1,1,2-Tetrachloroethane 
1,1,2,2~jetrachloroethane 
Tetrachl roethene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

I, 

i 

Trichlo~thene 
Trichlo fluoromethane (Freon ll) 
1,2,3-Tr chloropropane 
Toluene 
Vinyl Ac tate 

Vinyl Ch oride 
· Xylenes total) 

4-Bromofluorobenzene (BFB) 
1,2-Dich~oroethane-d4 · · 
Toluene-

1
8 

500 
500 
500 
500 
500 

500 
500 
500 
500 

1000 

1000 
500 

ltfl..JCJ Q:)3SN3 l.<!Od.:l 18: S I 68, 62 1"lON 

-------------------------------------------------------------------------------------------------------
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.I 
Tit 

I 
Chlorinated Pestici4es and PCB's -Appendix IX List 
Method 8080 I 

I 
' 

#OCPMwAP9-SW I 
I CQd 

Uni : ug/kl (wet weight) I Mat x: Soi I 

CAS 

959 -8 
332 -65-9 
103 ; 07-8 
12- -s 
7421 93·4 

7.6- -8 
102 57·3 
465- 3-6 
143.. -0 
72- ·5 
8001 5-2 

TCL I 

105. 
120. 
121. 
122. 
123. 

124. 
125. 
126. 
100. 
101. 

102. 
103. 
117. 
118. 
* 
112. 
109. 
114. 
1r 

toa. 
107. 
111. 
113. 
110. 
• 

104. 
106. 
* 
115. 
119. 

i 
i 

Analyte 
I 

A14rin 
Ar~lor 1016 Ar lor 1221 
Ar clor 1232 
Ar clor 1242 

Ar clor 1248 
Ar clor 1254 
Ar clor 1260 
al ha~BHC 
be a-BHC 

de1ta .. aHC 
gamma-BHC (Lindane) 
alpha-Chlordane 
g·a-Chlordane 
Ch~oroben4ilate 

4, '·DOD . 
4, '-DOE 
4,~'·0DT 
Di~11ate 
Oi~ldr'in 

EnJosu 1 fan I 
Endosulfan II 
En~osulfan Sulfate 
Endiri n 
En&rin Aldehyde 

I 

Hep:tac:h 1 or 
Hep~achlor Epoxide 
Isoarin 
l<epbne 
Methoxychlor 
Tox~phene 

I 
I 
I 
I 

I 

Reporting 
Limit 

60 
600 
600 
600 
600 

600 
1200 
1200 
60 
60 

60 
60. 
600 
600 
120 

120 
120 
120 
120 
·120 

60 
120 
120 
120 
120 

60 
60 
120 
120 
600 
1200 

Note 

Sl Dibptyl Chlorendate (DBC) 

Deviation from TCL ·li~t - Endrin ketone is replace~ with Endrin aldehyde. 
The *compounds (except endrin aldehyde) can be analy~ed as semivolatiles. 

I 
The chlordane isomers: are the major components of technical chlordane and 
are reported instead 9f total chlordane as listed in Appendix IX. 
EPA has stated the. measurement of alpha- and gamm.a-chlordane is the more 
accurate qnd preferred method of determining chlordane in samples. 

' 
I 

. j S00'39~d l~W~ OJ3SN3 WO~~ 38:51 68, 63 nON 
I 
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I 
I 
I 
I 

I 
Title: Semivolatile Organif$ - Appendix IX List 11/10/88 

( Method 8270 
I I 

Code: #BNAM-AP9-SW 
Units: ug/kg (wet weight) 
Matrix: Soil 

I Reporting ' .•. 

·cAS# TCL I Ana1ytel Limit .. .. 
I 

83·32-9 1 69. Acenaphihene 5000 
208-96-S 2 66. Acenaph hylene 5000 
98~86-1 3 • Acetophrone 5000 
53.;,96 ... 3 4 ~ 2-Aeety aminofluorene 
92;.67-1 6 * 4-Amino iphenyl 

I 

62.:..53-3 7 * Anil inei 5000 
120-12-7 8 84. Anthracrne 5000 

~ 140-57-8 9 * Aramite 
56-55-3 18 90. Benzo(a)anthracene 5000 
50-32~8 19 96. Benzo(a)pyrene 5000 

I 
' 

205-99-2 20 94. Benzo(b)fluoranthene (ll) 5000 
191-24-2 21 99. Benzo(g~h,i)perylene 5000 
207-08-9 22 95. Benzo(k fluoranthene (11) 5000 
100-51-6 24 40. Benzyl Al~ohol 5000 
101-55-3 29 80. 4-Bromophenyl-phenylether 5000 c:·. I 
85·68-7 30 88. Butylbenzylphthalate 5000. 
88-85-7 31 * 2-sec-B*tyl-4,p-dinitrophenol 
106-47 .. 8 33 56. 4-Chlo~niline 5000 . 
510 ... 15-6 34 * Chlorob zi1ate 
111·91-1 35 52. bh(2-c loroethoxy)methane 5000 

111-44-4 36 36. bis~2~C loroethyl)ether 5000 
108.-60-1 37 43. bis 2~C~loroisopropyl)ether 5000 
59~50-7 38 58. 4-Chlor -3-methylphenol 5000 
91-58-7 40 63. 2-Chlor~naphthalene . 5000 
95-57-8 41 37.' 2-Chlor phenol 5000 

I . 

7005-72~3 42 
I . 

75. 4-Chlorqphenyl-phenylether 5000 
218w01 .. 9 43 * Chrysene 330 
84-74-2 47 as. Oi-o-bu~ylphthalate 5000 
117-84-0 48 93. Di~n-oc yl hthalate 5000 
53~70-·3 49 9a. Dibenz( ,h~anthracene 5000 

132-64-9 51 n.. Oibenzoi!uran 5000 
95- -1 s.z 4l. 1,2-0ic~lorobenzene sooo 
541 3-1 53 38. 1,3-0ichlorobenzene 5000 
Hl6 6-7 54 39. 1,4-0ic~lorobenzene 5000 
91- -1 55 89. 3,3'-Dtdhlorobenzidine 10000 

I 
I 

120 3-2 56 53. 2,4-DicHlorophenol 5000 

l. 87- ·0 57 * 2,6-0ichlorophenol 5000 
84- -2 59 74. Oi ethyl p:htha late 5000 
60- -5 60 * Dimethoate 
so ... w7 61 * p-Oimethylaminoazobenzene 

! 
5000 

I 

i 
I 

900"38t:ld ltJI,Id OJ3SH3 ~JOd:! 38:£! 68. 63 ()Ot-J 
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Page 3 I 
I 
I 

( IBHAM-AP9-SW I 

! 
! Reporting 

CAS# TCL II Ana lyte i Limit 
l 

88-74-4 ll4 64. • I ' 1 I 25000 2-N1troan1 1ne ........ ,. / ~. 
99-09-2 115 68. 3.:.Nitro~niline '25000 c.::.; ')"< /,.. 
100-01-6 116 77. 4-Nitroanil ine 25000 I f, 

...... 1.../ 

98-95-3 117 47. Nitrobe~zene 5000 ~.r~·_; .//" 
88..;75-5 118 49. 2-Nftro henol 5000 

...._, f../ ...... . . 
! 

. ' 
' 

. 100-02-7 119 71. 4-Nitrophenol 25000 
56-57-5 120 * 4-Nitro~uinolfne-1-oxide 
924-92-2 121 * N-Nftro o-di-n-butylamine 5000 
ss~ts:..s 122 * N-Nitro~odiethylamine 
62·75-9 123 * N ... Nitrosodimethylamine (4) 5000 

I 

86-30"6 124 79. N-NitroJodiphenylamine 5000 
621 ... 64~7 125 45. N-Nitro~o·di-n·prop,1amine 5000 
10595-96-6 126 * N-Nitro omethy1ethy amine 
59~9·2 127 '* N-Nitro,omorpholine 
100-75-4 128 'It N-Nitro opiperidine 5000 

930-55•2 129 * N-Nitro opyrrolidine 
9-55-8 130 * 5-Nitro o-toluidine 
56-38-2 131 * · Parathi n 

(-- .. 76-01-7 133 * Pentachl oroethane 
. 82 .. 68-8 134 * Pentachl oronitrobenzene 25000 

87-86-5 135 S2. Pentachl orophenol 25000 
62-44-2 136 11 Ph en ace in 5000 
85-01-8 137 83. Phenant rene 5000 
108-95-2. 138 35. Phenol I 5000 
106-50-3 139 * 4-Phenylenediamine 

I 

298 .. 02·2 140 * Phorate \ 
109-06 .. 8 141 * 2-Picolire 5000 
23950w58•5 142 * Pronamid,e 5000 
129-00-0 143 87. Pyrene ' 5000 
110•86-1 144 ... Pyridine! 10000 

I 
94-59-7 145 * Safrole j 

3689-24-5 146 * Sulfotep~ 
95-94-3 147 * 1,2,4,5-: etrachlorobenzene 5000 
58-90-2 148 * 2,3,4,6-~etrachlorophenol 25000 
95-53-4 149 * 2-Toluid~ne . .... 
120 .. 82-1 151 54. '· 1,2,4-Tr~chlorobenzene 5000 
95-95-4 152 62. 2,4,5-Trichlorophenol 25000 
88-06-2 153 61. 2,4,6~Trjchlorophenol 5000 
126-68-1 154 * o,o,o-Triethyl phosphorothioate 
99-35-4 155 * 1,3,5-Trinitrobenzene 
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TABLEW-7- OMMRNDRO CONTAINERS AND PRESERVATIVES 

and IIoldiog Times for RMAL's Proposed 
1Quantitative Analytical Screen (QAS) 

Minimum Methods/ Recommended 
Sam21e Cont¢ner SamEle Size Parameters Holc:liJli Tim~ --

· }... Ground Water Sameles -
· ·. 2. x 40 ml glass (VOA)1 4°C 40 ml ea. 8240 14 days 

6·x !liter glass I 4°0 1000 ml ea.. 8080,8140,8150, 7 days until 
I 8270,8320,8330 extraction I 

I 40 days after 

2 J 5096 HN03 

extraction 

. Polyethylene 500 ml Metals ~months 
ipH<2 Mercury 28 days 

: Plastic · 2 ml 50% NaOH 500 ml Cyanide 14 days 
to ~H>12, 4°C 

Pl.a.stic 1 ml ;in ZnAcetate 250 ml · Sulfide 7 days 
1 ml50% NaOH 
to pH> 9, 4°C 

Plastic 4°.c 100 ml Hexavalent chromium 24 hours 
. ,,. . 

. : .. ~:..Waste Sameles . 
<·tliter wide-mouth 500 g Organics except nd2 

glass volatiles; metals; .. inorganics 

40 ml glass vial1 40 ml 8240 nd 

Notes: 

· 1. Duplicate samples are desirable. 
2. nd ::;; Insufficient data to determine. 
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INDUSTRIAL INORGANIC CHEMISTRY 
[ 

METALS DEPARTMENT 
i 

GRAPHITE FURNACE AND COLD VAPOR AA 
I 

INSTRUMENT DETECTION LIMITS NOVEMBER 1989 

GFAA 

EL!MEMT 

Antimony 
Arsenic 
Cadmium 
Chromium 
Lead 
Selenium 
Silver 
Thallium 

CVAA 

· · Mercury 

I IDL* 
(mg/L) 

0.002 
0.001 
0.0001 
0.0006 
0.0002 
0.001 
0.0001 
0.002 

0.0001 

ENSECO 
REPORTING LIMIT 

0.01 
0.005 
0.0005 
0.001 
0.005 
0.005 

, ·.r: 0.0005 
0.005' 

0.0002 

ILL* 
(mg/L) 

0.1 
0.1 
0.005 
0.1 
0.1 
0.1 
o.oos 
0.1 

0.002 

. A~senic and seleni are analyzed using Zeeman background 
correction. An Iron.l pis used for background correction 
1n the mercury determi ation. All other elements are 
determined using Deute ium arc background correction. 

t-."-, n • :J n 1-LJ 

~ IDL • Instrument Detection Limit 
ILL~ Instrument linear Limit 

-I 'I I' I ,.•, ·-..-, ,-.. ~ I-. 1 l .-.. • 1 1 
,-.I_'- • .- ..... 
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Enseco Incorporated (Enseco) is the largest and most experienced 
environmental testing laboratory in the United States. The environmental 
component of Enseco consists of the combined resources of: 

• Enseco-Erco Laboratory in Cambridge, Massachusetts, 

• Enseco-Marblehead in Marblehead, Massachusetts, 

• Enseco-East in Somerset, New Jersey, 

• Enseco-Rocky Mountain Analytical Laboratory in Denver, Colorado, 

• Enseco-Houston in Houston, Texas, 

• Enseco-California Analytical Laboratory in Sacramento, California, 

• Enseco-CRL in Garden Grove, California, 

• Enseco-El Monte in El Monte, California, 

• Enseco-Santa Maria in Santa Maria, California, 

• Enseco-Ventura in Ventura, California, and 

• Enseco-Mobile Laboratories headquartered in Garden Grove, 
California. 

Addresses and telephone numbers for these Enseco laboratories are listed 

in Table 1-1. 

This document describes the Enseco Quality Assurance policies and 
procedures related to chemical monitoring for environmental pollutants. 
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ENSECO LABORATORY LOCATIONS 

Enseco-California Analytical 
Laboratory 

2544 Industrial Boulevard 
West Sacramento, CA 95691 
(916) 372-1393 
Facsimile (916) 372-1059 

Enseco-CRL 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-East 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201) 469-5800 
Facsimile (201) 469-7516 

Enseco-El Monte 
9537 Telstar Avenue #118 
El Monte, CA 91731 
(818) 442-8400 
Facsimile (818) 442-3758 

Enseco-Erco Laboratory 
205 Alewife Brook Parkway 
Cambridge, MA 02138 
(617) 661-3111 
Facsimile (617) 354-5258 

Enseco-Houston 
1420 East North Belt Suite 120 
Houston, TX 77032 
(713) 987-9767 
Facsimile (713) 987-9769 

Enseco-Marblehead 
Doaks Lane at Little Harbor 
Marblehead, Massachusetts 01945 
(617) 639-2695 
Facsimile (617) 639-2637 

Enseco-Mobile Laboratories 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-Rocky Mountain Analytical 
Laboratory 

4955 Yarrow Street 
Arvada, CO 80002 
(303) 421-6611 
Facsimile (303) 431-7171 

Enseco-Santa Maria 
2325 Skyway Drive, Suite K 
Santa Maria, CA 93455 
(805) 922-2776 
Facsimile (805) 922-5897 

Enseco-Ventura 
2810 Bunsen Avenue, Unit A 
Ventura, CA 93003 
(805) 650-0546 
Facsimile (805) 650-0756 

Enseco, Inc. (Corporate Office) 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201). 469-5800 
Facsimile (201) 469-7516 
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Enseco is committed to providing quality environmental analytical 
services to both the public and private sectors. To ensure the 
production of scientifically sound, legally defensible data of known and 
documentable quality, an extensive Quality Assurance (QA) program has 
been implemented within Enseco. This program relies on clearly defined 
objectives, well-documented procedures, a comprehensive audit system, and 
management support, both Corporate and Divisional, for its effectiveness . 
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This QA Program Plan presents an overview of the essential elements of 
the Enseco QA program. Enseco has modeled this plan along EPA guidelines 
as outlined in "Interim Guidelines and Specifications for Preparing 
Quality Assurance Program Plans," QAMS-004/80, December 29, 1980 and 
"Interim Guidelines and Specifications for Preparing Quality Assurance 
Project Plans," QAMS-005/80, February, 1983. Both of these documents 
have been issued by the Office of Monitoring Systems and Quality 
Assurance, Office of Research and Development, U.S. Environmental 
Protection Agency (U.S. EPA). Elements above and beyond those specified 
in these two documents have been included in this QA Program Plan in 
order to completely describe the Enseco QA/QC system. 

Scope 

The Enseco QA program is designed to control and monitor the quality of 
data generated in Enseco laboratories. The program has four key 
elements. 

• Demonstrating laboratory capability by providing information which 
documents the overall qualifications of the laboratory to perform 
environmental analyses; 

• Controlling laboratory operations by establishing procedures which 
measure the laboratory•s performance on a daily basis; 

• Measuring matrix effects to determine the effect of a specific 
matrix on method performance, and 

• Reporting appropriate QC information with the analytical results to 
enable the end-user to assess the quality of the data. 

The specific procedures involved in implementing each aspect of the 
Enseco program are described in this document. An overview of these QC 
procedures, along with the section number in which each is discussed, is 
given in Table 3-1. 
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The QA/QC policies and procedures described herein are designed to 
eliminate systematic errors and minimize the occurrence of other errors. 
However, no QA program, regardless of how elaborate, can eliminate all 
errors which may occur during an analysis. The QA program forms the 
framework for minimizing errors and identifying and correcting those 
errors which do occasionally occur. These QA/QC policies and procedures 
must be coupled with the professional judgement of the technical staff in 
interpreting the events surrounding the generation of the final result to 
ensure that quality data is consistently produced. 



Enseco QA Program Plan 

Evaluation Criteria 

LABORATORY QUALIFICATIONS 

LABORATORY PERFORMANCE 

MATRIX EFFECTS 

DATA REPORTING 

Table 3-1 

ELEMENTS OF QA PROGRAM PLAN 
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Operational Elements 
Section of 

QA Plan 

Facilities/equipment/staff .....•........... 
Written SOPs for all laboratory 
procedures, including: .................... . 

Sample custody ......................... . 
Calibration procedures ..•............... 
Analytical procedures ...•............... 
Data validation ........................ . 

Documented QA program .....••.•.•........... 
Laboratory certifications ..•...•........... 

Check samp 1 es •. ••..•.....•.....•.•.••.•.•.. 
Method blanks ...•.....•.................... 
Calibration data •.....•.......•..•......... 
Method detection limits 

* 

15 
5 
6 
7 
8 

1-15 
10 

9 
9 
6 

{determined on method blank) ...•. ~········· 12 

Matrix spike/matrix duplicate/ 
matrix spike duplicate analyses............ 9 
Sample surrogate recoveries................ 9 
Standard additions......................... 9 
Field blanks............................... 9 
Method detection limits (determined 
with specific sample matrix)............... 12 

Data reduction and validation.............. 10 
Data reporting............................. 10 
Reporting Limits........................... 12 

* Described in a separate document available from Enseco. 
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4. DEFINITION OF TERMS 

Quality Assurance (QA): the total integrated program for assuring the 
reliability of data generated in the laboratory. 

Quality Control (QC): the routine application of specific, well
documented procedures to ensure the generation of data of known and 
accepted quality, thus fulfilling the objectives of the QA program. 

Quality Assurance Program Plan (QAPP): an assemblage of management 
policies, objectives, principles, and general procedures outlining the 
techniques by which the laboratory produces data of known and accepted 
quality. 

Standard Operating Procedure (SOP): a detailed, written description of a 
procedure designed to systematize and standardize the performance of the 
procedure. 

Quality Assurance Project Plan (QAPjP): an assemblage of detailed 
procedures describing how the laboratory will generate data that meet the 
Data Quality Objective (DQOs) of a specific project. 

Holding Time: the period of time during which a sample can be stored 
after collection and preservation without significantly affecting the 
accuracy of the analysis. 

Sample Delivery Acceptance: the point in time at which Enseco determines 
that it can proceed with the analytical work. Sample delivery acceptance 
follows receipt and inspection of the samples and complete definition of 
analyses required. 

Initiate Preparation: the point in time at which the separation of 
organic extractable compounds or metals from the sample matrix by solvent 
extraction or acid digestion is begun. 
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Initiate Analysis: the point in time at which the sample, extract or 
digestate is introduced into an instrument or process which complies with 
the SOP for analysis of the parameter of interest. 
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Executing an effective QA program in a large and complex multi-laboratory 
system demands the commitment and attention of both management and staff. 
The QA effort at Enseco is directed by the Vice President of Quality 
Assurance who manages the Corporate Quality Assurance Office. The VP of 
QA reports directly to the Chief Executive Officer (CEO) and has the 
responsibility for overseeing and regulating all laboratory functions 
(see Figure 5-l). The QA Office operates independently of all areas 
generating analytical data to ensure complete objectivity in the 
evaluation of laboratory operations. 

The implementation of the QA program within each individual Enseco 
laboratory is the responsibility of the Division QA Director. The QA 
Director reports to both the VP of QA and to the Division Director, who 
manages the laboratory. In addition, all scientists within the 
organization play a vital role in assuring the quality of their work. We 
believe that the success of Enseco is dependent upon the continued 
commitment of all within the organization to a strong and viable QA 
Program. The responsibilities and levels of authority within the 
organization are described below. 

Corporate Quality Assurance Office 

Members 

The QA effort within Enseco is directed by the VP of QA who 
reports directly to the CEO of Enseco. The Corporate QA Office 
also includes a QA specialist who assists the VP in carrying 
out the responsibilities of the department. 
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Responsibilities 

The VP of QA is responsible for: 

• Developing and implementing a Corporate QA program that 
ensures that all data generated in Enseco laboratories are 
scientifically sound, legally defensible, and of known 
precision and accuracy; 

• Monitoring the QA Plan to ensure compliance with QA 
objectives in all Enseco laboratories; 

• Developing and implementing new QA procedures within the 
corporation to improve data quality; 

• Conducting audits and inspections of all Enseco 
laboratories on a regular basis, reporting the results of 
those audits to management, and applying corrective 
actions as needed to ensure compliance with the Enseco QA 
Plan; 

• Coordinating the distribution of Performance Evaluation 
(PE) samples to all Enseco laboratories on a routine 
basis, evaluating the results of those samples, reporting 
to management, and applying corrective actions as needed 
to ensure that all Enseco laboratories are able to 
generate data that meet the data quality objectives 
defined in the QA Plan; 

• Establishing databases that accurately reflect the 
performance of each of the Enseco laboratories; 

• Directing Division QA Directors in the implementation of 
the Enseco QA Plan within individual facilities; 

• Chairing the Enseco QA Committee, a working committee 
which includes all of the Division QA Directors and QA 
Specialists and deals with QA issues on an ongoing basis; 

• Coordinating certification programs within Enseco; 

• Conducting seminars on QA issues for both clients and 
laboratory staff; and 

• Promoting sound QA practices within the environmental 
regulatory and analytical communities. 
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The VP of QA is the final authority on all issues dealing with 
data quality and has the authority to require that procedures 
be amended or discontinued, or analyses suspended or repeated. 
Also, the VP of QA has the authority to suspend or terminate 
employees on the grounds of dishonesty, incompetence, or 
repeated non-compliance with QA procedures. In addition, the 
VP of QA has the authority to overrule decisions and actions of 
the Division QA Directors and must approve the termination or 
transfer of any Division QA Director. The authority of the VP 
of QA comes directly from the CEO of Enseco. 

Divisional Quality Assurance Departments 

Members 

Each Divisional QA Department is managed by a QA Director. The 
QA Director reports directly to the Division Director and 
indirectly to the Corporate VP of QA. The QA Director is 
supported by a QA staff within the laboratory. 

Responsibilities 

The Division QA Director is responsible for: 

• Implementing Enseco QA policies; 

• Monitoring the implementation of the QA Plan within the 
laboratory to ensure complete compliance with QA 
objectives; 

• Conducting in-house audits to identify potential problems 
and ensure compliance with written SOPs; 

e Performing statistical analyses of QC data and 
establishing databases that accurately reflect the 
performance of the laboratory; 
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• Prescribing and monitoring corrective actions; 

• Serving as the in-house client representative on all 
project inquiries involving data quality issues; 

• Monitoring the preparation and verification of analytical 
standards; 

• Assisting chemists in the writing of SOPs; 

• Reporting the status of the laboratory QA program to the 
Corporate VP of QA with formal and informal 
communications; 

• Maintaining records and archives of all QC data, PE 
results, audit comments, and customer inquiries concerning 
data quality; 

• Assuring that the laboratory staff has access to current 
SOPs; 

• Monitoring laboratory performance in the areas of holding 
times, turn-around times, and meeting contractual 
obligations; 

• Conducting seminars on QA issues for clients and 
laboratory staff; 

• Preparing QA Project Plans when needed; 

• Assisting the Corporate QA office in the writing of QA 
policies and procedures; 

• Serving as a member of the Enseco QA Committee; and 

• Auditing subcontractors. 

Authority 

The Division QA Director is the final authority within each 
laboratory on all issues dealing with data quality. He/she has 
the authority to require that procedures be amended or 
discontinued or analyses suspended or repeated. He/she can 
make recommendations to the Division Director and the Corporate 
VP of QA regarding suspension or termination of employees for 
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incompetence or non-compliance with QA procedures. The 
authority of the Division QA Director comes directly from the 
Corporate VP of QA. 

Divisional Management 

Members 

The managers and supervisors who direct the analytical work at each 
laboratory are directly responsible for ensuring that all employees 
reporting to them are complying with the Enseco QA Plan. 

Responsibilities 

Laboratory management is responsible for: 

• Actively supporting the implementation of the Enseco QA Plan 
within the laboratory; 

• Maintaining accurate SOPs and enforcing their use in the 
laboratory; 

• Maintaining a work environment that emphasizes the importance 
of data quality: and 

• Providing management support to the Corporate and Divisional QA 
departments. 

Authority 

The managers and supervisors of the laboratory have the authority to 
accept or reject databased on compliance with well-defined QC 
criteria. In addition, managers and supervisors, with the approval 
of the QA department, can accept or reject data that fall outside of 
established QC guidelines if, in their judgment, there are technical 
reasons which warrant the acceptance or rejection of the data. 
These circumstances must be well documented and any need for 
corrective action identified by the incident must be defined and 
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initiated. The authority of the laboratory management comes 
directly from the Corporate VP of Operations and the Division 
Director. 

Divisional Personnel 

Members 

All laboratory personnP-1 involved in the generation and reporting of 
data have a responsibility to understand and follow the Enseco QA 
Plan. 

Responsibilities 

Laboratory personnel are responsible for: 

• Having a working knowledge of the Enseco QA Plan; 

• Ensuring that all work is generated in compliance with the 
Enseco QA Plan; 

• Performing all work according to written SOPs; 

• Ensuring that all documentation related to their work is 
complete and accurate; and 

• Providing management with immediate notification of quality 
problems. 

Authority 

Laboratory personnel have the authority to accept or reject 
databased on compliance with well-defined QC criteria. The 
acceptance or rejection of data that fall outside of established QC 
guidelines must be approved by laboratory management and the QA 
department. The authority of the laboratory personnel flows from 
the Division Director. 
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6. SAMPLING PROCEDURES 

The generation of quality data begins with the collection of the sample, 
and therefore the integrity of the sample collection process is of 
concern to the laboratory. Samples must be collected in such a way that 
no foreign material is introduced into the sample and no material of 
interest escapes from the sample prior to analysis. To ensure sample 
integrity, the following must be considered: 

• Samples must be collected in appropriate containers. In general, 
glass containers are used for organic parameters and polyethylene 
containers for inorganic/metal parameters (see Appendix I); 

• The sample containers must be properly cleaned to ensure that the 
sample is not contaminated during the collection process; 

• Samples must be preserved appropriately to minimize the loss of 
materials of interest due to adsorption, chemical or biological 
degradation, or volatilization (see Appendix I); 

• Appropriate volumes of sample must be collected to ensure that the 
required detection limits can be met and quality control samples can 
be analyzed (see Appendix I); and 

• Samples must be properly shipped to the laboratory, in the 
appropriate time frame, to ensure that holding times for the 
analyses can be met (see Appendix I). 

Sample Containers and Preservatives 

Enseco can assist in the sample collection process by providing 
consultation and assistance to clients designing sampling programs. Also 
Enseco can make available to the client the Enseco "Sample Safe™," a set 
of sample containers that are properly cleaned and preserved for use in 
sample collection. Appropriate containers and preservatives, and minimum 
sample volumes required for analyzing routine organic, metal, and 
conventional parameters are listed in Appendix I . 
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EPA has established holding time requirements for some analyses. These 
holding time requirements are listed in Appendix I, along with container 
and preservative requirements. As indicated in Appendix I, holding time 
requirements differ depending on the regulatory program. Enseco follows 
the holding times given in SW-846, Update I unless otherwise instructed 
by the client. CLP holding times are followed when CLP protocols are 
requested by the client. Other holding times can be honored if special 
arrangements are made with the laboratory. 

Enseco is obligated to initiate preparation and/or analysis of the sample 
within holding times if sample delivery acceptance occurs within 72 hours 
of sampling or before one-half of the holding time period has expired, 
whichever is less. (See Section 4 for definition of above terms.) 

On occasion, a sample must be reanalyzed to comply with this QA Program 
Plan. If this reanalysis is conducted outside of the holding time, the 
laboratory will be considered to have fulfilled its obligation to meet 
holding times if the first preparation and/or analysis was initiated 
within the prescribed holding time. 
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Upon receipt by Enseco, samples proceed through an orderly processing 
sequence specifically designed to ensure continuous integrity of both the 
sample and its documentation. 

All samples are received by Enseco 1 s Sample Control Group and are 
carefully checked for label identification, and completed, accurate 
chain-of-custody records. Photographs document the condition of samples 
and each sample is then assigned a unique laboratory identification 
number through a computerized Laboratory Information Management System 
(LIMS) that stores all identifications and essential information. The 
LIMS system tracks the sample from storage through the laboratory system 
until the analytical process is completed and the sample is returned to 
the custody of the Sample Control Group for disposal. This process is 
summarized in Figure 7-1. Access to all Enseco laboratories is 
restricted to prevent any unauthorized contact with samples, extracts, or 
documentation. 

An example of the Enseco Chain-Of-Custody Record used to transmit samples 
from the client to the laboratory is given in Figure 7-2. The Chain-Of
Custody Record (Interlaboratory Analysis Form) used to transmit samples 
between laboratories within Enseco is given in Figure 7-3. 

Sample bottles provided to the client by Enseco are transmitted under 
custody using the Enseco "Sample Safe™". 
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A critical element in the generation of quality data is the 
purity/quality and traceability of the standard solutions and 
reagents used in the analytical operations. Enseco continually 
monitors the quality of reagents and standard solutions through a 
series of well-documented procedures. 

To ensure the highest purity possible, all primary reference 
standards and standard solutions used by Enseco are obtained from the 
National Institue of Standards and Technology, the EPA Repository or 
other reliable commercial sources. All standards and standard 
solutions are logged into a database that identifies the supplier, 
lot number, purity/concentration, receipt/preparation date, 
preparer 1 s name, method of preparation, expiration date, and all 
other pertinent information. 

Standard solutions are validated prior to use. Validation procedures 
can range from a check for chromatographic purity to verification of 
the concentration of the standard using a standard prepared at a 
different time or obtained from a different source. Stock and 
working standards are checked regularly for signs of deterioration, 
such as discoloration, formation of precipitates, or change in 
concentration. Care is exercised in the proper storage and handling 
of standard solutions, and all containers are labeled as to compound, 
concentration, solvent, expiration date, and preparation data 
(initials of preparer/date of preparation). 

Reagents are examined for purity by subjecting an aliquot or 
subsample to the analytical method in which it will be used; for 
example, every lot of dichloromethane (for organic extractables) is 
analyzed for undesirable contaminants prior to use in the laboratory. 
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A database is used to store essential information on specific 
standards or reagents. The system is designed to serve various 
functions (e.g., the system issues warnings on expiration dates and 
allows chemists to obtain a list of all working standard solutions 
prepared from the same stock solution). The program also facilitates 
the management and auditing of reagents and standards. 

Instrument Calibration and Tuning 

Calibration of instrumentation is required to ensure that the 
analytical system is operating correctly and functioning at the 
proper sensitivity to meet established reporting limits. Each 
instrument is calibrated with standard solutions appropriate to the 
type of instrument and the linear range established for the 
analytical method. The frequency of calibration and the 
concentration of calibration standards is determined by the 
manufacturer's guidelines, the analytical method, or the requirements 
of special contracts. 

Gas Chromatography/Mass Spectrometry (GC/MS) 

Each day prior to analysis of samples, the instrument is tuned with 
bromofluorobenzene (BFB) for volatile compounds and 
decafluorotriphenylphosphine (DFTPP) for semivolatile compounds 
(according to the tuning criteria specified in the U.S. EPA Contract 
Laboratory Program (CLP)). No samples are analyzed until the 
instrument has met tuning criteria. 

The instrument is then calibrated for all target compounds. An 
initial calibration curve is produced and certain key compounds 
referred to as System Performance Calibration Compounds (SPCC) and 
Continuing Calibration Compounds (CCC) are evaluated on a daily basis 
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The field of chromatography involves a variety of instrumentation and 
detection systems. While calibration standards and acceptance 
criteria vary depending on the type of system and analytical 
methodology required for a specific analysis, the general principles 
of calibration apply uniformly. Each chromatographic system is 
calibrated prior to performance of analyses. Initial calibration 
consists of determining the linear range, establishing limits of 
detection, and establishing retention time windows. The calibration 
is checked on a daily basis to ensure that the system remains within 
specifications •. If the daily calibration check does not meet 
established criteria, the system is recalibrated and samples analyzed 
since the last acceptable calibration check are reanalyzed. 

Metals 

Metals analysis basically involves two types of analytical 
instrumentation: inductively coupled argon plasma emission 
spectroscopy (ICP), and atomic absorption spectroscopy (AA). 

Each ICP is calibrated prior to any analyses being performed using 
criteria prescribed in the CLP protocol. The calibration is then 
verified using standards from an independent source. The linear 
range of the instrument is established once every quarter using a 
linear range verification check standard. No values are reported 
above this upper concentration value without dilution. 
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A calibration curve is established daily by analyzing a minimum of 
two standards, one of which is a calibration blank. The calibration 
is monitored throughout the day by analyzing a Continuing Calibration 
Blank (CCB) and a Continuing Calibration Verification standard (CCV). 
The standard must meet established criteria or the system is 
recalibrated and all samples analyzed since the last acceptable 
calibration check are reanalyzed. 

An interelement check standard is analyzed at the beginning and end 
of each analytical run, and on a continuing basis, to verify that 
interelement and background correction factors have remained 
constant. Results outside of the established criteria trigger 
reanalysis of samples. 

Each AA unit is calibrated prior to any analyses being conducted. A 
calibration curve is prepared with a minimum of a calibration blank 
and three standards and then verified with a standard that has been 
prepared from an independent source at a concentration near the 
middle of the calibration range. The calibration is then verified on 
an ongoing basis with a midpoint calibration standard. If the 
ongoing calibration standard does not meet established acceptance 
criteria, the system is recalibrated and all samples analyzed since 
the last acceptable calibration check are reanalyzed. All samples 
are spiked to verify the absence of matrix effects or interferences. 
The method of standard additions is used when matrix interferences 
are present. 

Conventional Analyses 

The field of conventional, non-metals analysis involves a variety of 
instrumental and wet chemical techniques. While calibration and 
standardization procedures vary depending on the type of system and 
analytical methodology required for a specific analysis, the general 
principles of calibration apply uniNersally. Each system is 
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Most analyses performed by Enseco are driven by regulatory concerns. 
Therefore, methods used at Enseco predominantly originate from regulatory 
agencies. Generally the methods used are those specified by the u.s. EPA 
and other federal agencies, state agencies, and professional 
organizations, as provided in the following references: 

• Current EPA (CLP) protocols for the analysis of organic and inorganic 
hazardous substances including chlorinated dioxins and furans. 

• "Guidelines Establishing Test Procedures for the Analysis of 
Pollutants Under the Clean Water Act," 40 CFR, Part 136. 

• "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-79-020 
(revised March, 1983). 

• "Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater," EPA-600/4-82-057 (July, 1982). 

• "Test Methods for Evaluating Solid Waste" (SW-846), 2nd Edition 
(revised), Update I (1984), Update II (1985), 3rd Edition (1986), 
Update I (1989), Office of Solid Waste and Emergency Response, u.s. 
EPA. 

• "Standard Methods for the Examination of Water and Wastewater," 16th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, DC 
(1985). 

• "Official Methods of Analysis," 14th Edition, Association of Official 
Analytical Chemists, Arlington, VA (1984). 

• "Methods for the Determination of Organic Compounds in Finished 
Drinking Water and Raw Source Water," U.S. EPA, Environmental 
Monitoring and Support Laboratory- Cincinnati (September, 1986). 

• "Annual Book of ASTM Standards, 11 Volumes 11.01 and 11.02, American 
Society for Testing and Materials (ASTM), Philadelphia, PA (1987). 

"Techniques of Water Resources Investigations of the United States 
Geological Survey (USGS), Book 5, Laboratory Analysis," USGS, 
Washington, DC (1979). 
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The choice of method is dependent on the objectives of the study in terms 
of qualitative certainty, quantitative sensitivity, precision and 
accuracy, and the type of matrix to be analyzed. Each method used 
routinely is documented in the form of an SOP. The SOP contains detailed 
instructions concerning both the use and the expected performance of the 
method. Any deviations from published methodology are documented and 
explained in the SOP. A complete description of the contents of 
laboratory SOPs is given in Section 17. 

Before any methods are routinely used to generate analytical data, the 
method is validated. Validation criteria consist of: 

• Method selection by a senior staff member; 

• Documentation of the method in an SOP. 
the method, detailed description of the 
calculations, reporting formats, safety 
remarks; 

This includes a summary of 
analytical procedure, 
concerns 1 and special 

• Testing of the method to verify detection limits and linear range, 
establish reporting limits and precision and accuracy criteria; and 

• Establishment of data acceptance criteria that must be approved by a 
senior staff member and the Divisional QA Director. 
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All analytical data generated within Enseco laboratories are 
extensively checked for accuracy and completeness. The data 
validation process consists of data generation, reduction, and three 
levels of review, as described below (also see Figure 10-1). 

The analyst who generates the analytical data has the prime 
responsibility for the correctness and completeness of the data. All 
data are generated and reduced following protocols specified in 
laboratory SOPs. Each analyst reviews the quality of his or her work 
based on an established set of guidelines. The analyst reviews the 
data package to ensure that: 

• Sample preparation information is correct and complete; 

• Analysis information is correct and complete; 

• The appropriate SOPs have been followed; 

• Analytical results are correct and complete; 

• QC samples are within established control limits; 

• Blanks are within appropriate QC limits; 

• Special sample preparation and analytical requirements have been 
met; and 

• Documentation is complete (e.g., all anomalies in the 
preparation and analysis have been documented, Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.). 
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The data reduction and validation steps are documented, signed and 
dated by the analyst. This initial review step, performed by the 
analyst, is designated Level 1 review. The analyst then passes the 
data package to an independent reviewer, who performs a Level 2 
review. 

Level 2 review is performed by a supervisor or data review specialist 
whose function is to provide an independent review of the data 
package. This review is also conducted according to an established 
set of guidelines and is structured to ensure that: 

• Calibration data are scientifically sound, appropriate to the 
method, and completely documented; 

• QC samples are within established guidelines; 

• Qualitative identification of sample components is correct; 

• Quantitative results are correct; 

• Documentation is complete and correct (e.g., anomalies in the 
preparation and analysis have been documented; Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.); 

• The data are ready for incorporation into the final report; and 

• The data package is complete and ready for data archive. 

Level 2 review is structured so that all calibration data and QC 
sample results are reviewed and all of the analytical results from 10% 
of the samples are checked back to the bench sheet. If no problems 
are found with the data package, the review is complete. If any 
problems are found with the data package, an additional 10% of the 
samples are checked to the bench sheet. The process continues until 
no errors are found or until the data package has been reviewed in its 
entirety . 
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An important element of Level 2 review is the documentation of any 
errors that have been identified and corrected during the review 
process. Enseco believes that the data package submitted by the 
analyst for Level 2 review should be free of errors. Errors that are 
found are documented and transmitted to the appropriate supervisor. 
The cause of the errors is then addressed with additional training or 
clarification of procedures to ensure that quality data will be 
generated at the bench. 

Level 2 data review is also documented and the signature of the 
reviewer and the date of review recorded. The reviewed data are then 
approved for release and a final report is prepared. 

Before the report is released to the client, the Program Administrator 
who is responsible for interfacing directly with the client reviews 
the report to ensure that the data meet the overall objectives of the 
client, as understood by the Program Administrator. This review is 
labeled Level 3 review. 

Each step of this review process involves evaluation of data quality 
based on both the results of the QC data and the professional 
judgement of those conducting the review. This application of 
technical knowledge and experience to the evaluation of the data is 
essential in ensuring that data of high quality are generated 
consistently. 

In addition to the three levels of review discussed above, the 
Divisional QA department randomly audits 5% of all projects reported. 
The QA audit includes verifying that holding times have been met, 
calibration checks are adequate, qualitative and quantitative results 
are correct, documentation is complete, and QC results are complete 
and accurate. During the review, the QA department checks the data 
from 20% of the samples back to the bench sheet. If no problems are 
found with the data package, the review is complete. If any problems 
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are found with the data package, an additional 10% of the samples are 
checked to the bench sheet. The process continues until no errors are 
found or until the data package has been reviewed in its entirety. 

Data Reporting 

A variety of reporting formats, from computerized data tables, to 
complex reports discussing regulatory issues, to a CLP-deliverables 
package, are available. In general, Enseco reports contain: 

General Discussion: Description of samples types, tests performed, 
any problems encountered and general comments are given. 

Analytical Data: Data are reported by sample or by test. Pertinent 
information including dates sampled, received, prepared, and extracted 
are included· on each results page. The Enseco reporting limit for 
each analyte is also given. 

QC Information: The results (Percent Recovery and Relative Percent 
Difference) of the Laboratory Control Samples analyzed with the 
project are listed, together with the control limits. Also, the 
analytical results for method blanks generated during analysis of 
organic and metals parameters are given. 

Results of any matrix spikes, duplicates, matrix spike duplicates or 
other project-specific QC are also reported. 

Methodology: Reference for analytical methodology used is cited. 

Custom Services: Special services including data interpretation, 
special consultation, and raw data packages (when requested) are 
included. 
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11. INTERNAL QC CHECKS 

The Enseco QA/QC program monitors data quality with internal QC checks. 
Internal QC checks are used to answer two questions: 

1) Are laboratory operations "in control," (i.e., operating within 
acceptable QC guidelines), during data generation? 

2) What effect does the sample matrix have on the data being generated? 

The first question is answered by Laboratory Performance QC. Laboratory 
performance QC is based on the use of a standard, control matrix to 
generate precision and accuracy data that are compared, on a daily basis, 
to control limits. This information, in conjunction with method blank 
data, is used to assess daily laboratory performance. 

The second question is addressed with Matrix-Specific QC. Matrix
Specific QC is based on the use of an actual environmental sample for 
precision and accuracy determinations and commonly relies on the analysis 
of matrix spikes, matrix duplicates, and matrix spike duplicates. This 
information, supplemented with field blank results, is used to assess the 
effect of the matrix and field conditions on analytical data. 

Laboratory Performance QC is provided as a standard part of every routine 
Enseco analysis. Matrix-Specific QC is available as an option to the 
client and should be specified based on the types of matrices to be 
analyzed and the Data Quality Objectives (DQOs) and regulatory 
requirements of the project. 

A complete discussion of the Enseco Internal QC Check program follows. 
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Laboratory Performance QC is provided as a standard part of every 
routine Enseco analysis. The main elements of Laboratory 
Performance QC are: 

• The analysis of Laboratory Control Samples, which include 
Duplicate Control Samples (DCS), Single Control Samples (SCS), 
and method blanks, and 

• The generation of daily calibration data. 

The Laboratory Control Sample program is discussed below. Please 
refer to Section 8 of this manual for a discussion of calibration 
procedures. 

Laboratory Control Samples (LCS) 

Laboratory Control Samples (LCS) are well-characterized, laboratory 
generated samples used to monitor the laboratory's day-to-day performance 
of routine analytical methods. Certain Lcs· are used to monitor the 
precision and accuracy of the analytical process, independent of matrix 
effects. Other LCS are used to identify any background interference or 
contamination of the analytical system which may lead to the reporting of 
elevated concentration levels or false positive data. 

The results of the LCS are compared to well-defined laboratory acceptance 
criteria to determine whether the laborato~ system is ~;n control.~ 

Controlling lab operations with LCS (as opposed to matrix spike/matrix 
spike duplicate samples), offers the advantage of being able to 
differentiate low recoveries due to procedural errors from those due to 
matrix effects. As a result, procedural errors can be identified and 
corrected by the analyst at the bench, without waiting for extensive 
senior level review or costly and time-consuming reanalysis of the 
sample. 
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Three types of LCS are routinely analyzed: Duplicate Control Samples 
(DCS), Single Control Samples (SCS), and Method Blanks. Each of these 
LCS are described below. 

Duplicate Control Samples (DCS) 

Duplicate Control Samples (DCS) are used to monitor the precision and 
accuracy of the analytical system on an on-going basis. Each DCS 
consists of a standard, control matrix that is spiked with a group of 
target compounds representative of the method analytes. A DCS pair is 
analyzed for every 20 samples processed by the method. DCS are analyzed 
with environmental samples to provide evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and 
precision. 

Accuracy (average recovery of each analyte in the DCS pair) and precision 
(Relative Percent Difference [RPD] between each analyte in the DCS pair) 
data are compared to control limits that have been established for each 
of the analytes contained in the DCS. Initially, control limits for 
analytes spiked into the DCS are taken directly from the CLP program. If 
CLP limits are not available, Enseco historical data are used to set the 
control limits. As sufficient laboratory data become available, the 
control limits are redefined based upon the most recent nine months of 
DCS data. Control limits for accuracy for each analyte are based on the 
historical average recovery (mean of the average recoveries of the DCS 
pairs) plus or minus three standard deviation units. Control limits for 
precision for each analyte are based on the historical RPD and range from 
zero (no difference between DCS results) to the average RPD plus three 
standard deviation units. Calculated control limit$ tend to be tighter 
than CLP limits because of the use of a control matrix. However, if the 
calculated limits are broader than the CLP limits, the CLP limits are 
used to control the laboratory. 
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Analytical data that are generated with a DCS pair which falls within the 
established control limits are judged to be in control. Data generated 
with a DCS pair which falls outside of the control limits are considered 
suspect and are repeated or reported with qualifiers. The procedure used 
to evaluate data from control samples is given in Figure 11-1. The 
protocols include examination of instrument performance and preparation 
and analysis information, consultation with the supervisor, and finally a 
decision path for determining whether reanalysis is warranted. 

DCS have been established for each routine analytical method. Reagent 
water is used as the control matrix for the analysis of aqueous samples. 
The DCS compounds are spiked into reagent water and carried through the 
appropriate steps of the analysis. The control matrix for solids samples 
is standard Ottawa sand, an ASTM approved material for use in highway 
construction, due to its fine degree of homogeneity. The DCS compounds 
are spiked ihto the Ottawa sand and carried through the appropriate steps 
of the analysis. 

As stated previously, DCS are analyzed at a frequency of no less than one 
DCS pair per 20 samples. The DCS program is supplemented with the SCS 
program to ensure that Laboratory Performance QC is available with each 
batch of samples processed (see following subsection). 

DCS precision and accuracy data are archived in the LIMS. In addition, 
the associated DCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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As stated above, a DCS pair is analyzed with every 20 samples to measure 
the precision and accuracy of an analysis on an ongoing basis. However, 
samples are often ana]yzed in lots of less than 20, due to holding time 
or turn-around time requirements. Since it is necessary to have a 
measure of laboratory performance with each batch of samples processed, 
Enseco has instituted the SCS program. 

An SCS consists of a control matrix that is spiked with surrogate 
compounds appropriate to the method being used. In cases where no 
surrogate is available, (e.g., metals or conventional analyses) a single 
DCS serves as the control sample. An SCS is prepared for each sample lot 
for which the DCS pair are not analyzed. Recovery data generated from 
the SCS are compared to control limits that have been established for 
each of the compounds being monitored. Initially, CLP control limits or 
Enseco historical data are used to set the control limits. When 
sufficient SCS data are available, control limits are redefined based on 
the most recent nine months of data. Control limits for SCS components 
are based on the historical average recovery in the SCS plus or minus 
three standard deviation units. 

Analytical data that are generated with an SCS which falls within the 
control limits are judged to be in control. Data that are generated with 
an SCS which falls outside of acceptance criteria are considered suspect 
and are reanalyzed or reported with qualifiers. The protocols for 
evaluating SCS are identical to those established for DCS (see Figure 
11-1). 

SCS recovery (accuracy) data are archived in the LIMS. In addition, the 
associated SCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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Method blanks, also known as reagent, analytical, or preparation blanks, 
are analyzed to assess the level of background interference or 
contamination which exists in the analytical system and which might lead 
to the reporting of elevated concentration levels or false positive data. 

As part of the standard Enseco QC program, a method blank is analyzed 
with every batch of samples processed. A method blank consists of 
reagents specific to the method which are carried through every aspect of 
the procedure, including preparation, clean-up, and analysis. The 
results of the method blank analysis are evaluated, in conjunction with 
other QC information, to determine the acceptability of the data 
generated for that batch of samples. 

Ideally, the concentration of target analytes in the blank should be 
below the Reporting Limit for that analyte. In practice, however, some 
common laboratory solvents and metals are difficult to eliminate to the 
parts-per-billion levels commonly reported in environmental analyses. 
Therefore, criteria for determining blank acceptability must be based on 
consideration of the analytical techniques used, analytes reported, and 
Reporting Limits required. 

For organic analyses, the concentration of target analytes in the blank 
must be below the Reporting Limit for that analyte in order for the blank 
to be considered acceptable. An exception is made for common laboratory 
contaminants [methylene chloride, acetone, 2-butanone, toluene, and 
bis(2-ethylhexyl)phthalate] which may be present in the blank at up to 5 
times the Reporting Limit and still be considered acceptable. This 
policy is consistent with the CLP policy and has been established in 
recognition of the fact that these compounds are frequently found at low 
levels in method blanks due to the materials used in the collection, 
preparation, and analysis of samples for organic parameters. 
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For metals analysis, where the Reporting Limits are typically near the 
Instrument Detection Limit (IDL) and background levels for certain metals 
are difficult to completely eliminate, the policy is that the 
concentration of the target analytes in the blank must be below two times 
the Reporting Limit. If the blank value for a target analyte lies below 
the Reporting Limit, the Reporting Limit for that analyte in the 
associated samples is unaffected. If the blank value lies between the 
Reporting Limit and two times the Reporting Limit, the Reporting Limit 
for that analyte in thP. associated samples is raised to the level found 
in the blank. A blank containing an analyte(s) above two times the 
Reporting Limit is considered unacceptable unless the lowest 
concentration of the analyte in the associated samples is at least ten 
times the blank concentration (as per CLP protocol). 

For conventional inorganic tests, the method SOP directs how the blank is 
treated. Generally, a reagent blank is used both to zero the equipment 
and as one of the calibration standards. If a preparation step is 
required for the analysis, then a prep blank is also analyzed to 
determine the extent of contamination or background interference. In 
most cases, the concentration found in the prep blank is subtracted from 
the concentration found in any associated sample prior to calculating the 
final result. Blanks have no application or significance for some 
conventional inorganic parameters (e.g. pH). 

If the blank does not meet acceptance criteria, the source of 
contamination must be investigated and appropriate corrective action must 
be taken and documented. Investigation includes an evaluation of the 
data to determine the extent and effect of the contamination on the 
sample results. Corrective actions may include reanalysis of the blank, 
and/or repreparation and reanalysis of the blank and all associated 
samples. 

For organic and metals analyses, and selected conventional inorganic 
tests, method blank results are reported with each set of sample results. 
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Sample results are not corrected for blank contamination. Occasionally, 
due to limited sample volume or other constraints, the laboratory reports 
data associated with an unacceptable blank. In these cases, the 
Reporting Limit for the each analyte contained in the blank is raised to 
the level found in the blank. 

Matrix-Specific QC 

Matrix-Specific QC is used to assess the effects of a sample matrix or 
field conditions on the analytical data. The main elements of Matrix
Specific QC are: 

• The analysis of matrix spikes, matrix duplicates, and matrix spike 
duplicates; 

• Monitoring the recovery of surrogate compounds from environmental 
samples; 

• Monitoring the results of standard additions in environmental 
samples; · 

• The analysis of field blanks; and 

• The determination of method detection limits in a specific matrix. 

Different regulatory programs have different requirements in terms of 
Matrix-Specific QC. In order to ensure that the data generated meet all 
Data Quality Objectives, Enseco encourages its clients to include Matrix
Specific QC that fulfills the Data Quality Objectives and regulatory 
requirements of the project. A discussion of the different elements of 
Matrix-Specific QC follows. 

Matrix Spikes, Matrix Duplicates, and Matrix Spike Duplicates 

A Matrix Spike (MS) is an environmental sample to which known 
concentrations of analytes have been added. The MS is taken through the 
entire analytical procedure and the recovery of the analytes is 
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calculated. Results are expressed as percent recovery. The MS is used 
to evaluate the effect of the sample matrix on the accuracy of the 
analysis. 

A Matrix Duplicate (MD) is an environmental sample that is divided into 
two separate aliquots. The aliquots are processed separately and the 
results compared to determine the effects of the matrix on the precision 
of the analysis. Results are expressed as RPD. 

A Matrix Spike Duplicate (MSD) is an environmental sample that is divided 
into two separate aliquots, each of which is spiked with known 
concentrations of analytes. The two spiked aliquots are processed 
separately and the results compared to determine the effects of the 
matrix on the precision and accuracy of the analysis. Results are 
expressed as RPD and percent recovery. 

Surrogate Recoveries and Standard Additions 

Surrogates are organic compounds which are similar to the analytes of 
interest in chemical behavior, but which are not normally found in 
environmental samples. Surrogates are added to samples to monitor the 
effect of the matrix on the accuracy of the analysis. Results are 
reported in terms of percent recovery. 

Enseco routinely adds surrogates to samples requiring GC/MS analysis and 
reports these surrogate recoveries to the client. The laboratory does 
not control its operations based on surrogate recoveries in environmental 
samples. As discussed earlier in this section, Enseco controls its 
operations based on the results of Laboratory Control Samples. The 
surrogate recoveries are primarily used by the laboratory to assess 
matrix effects. However, obvious problems with sample preparation and 
analysis (e.g. evaporation to dryness, leaking septum, etc.) which can 
lead to poor surrogate spike recoveries must be ruled out prior to 
attributing low surrogate recoveries to matrix effects. 
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Standard Additions (SA) is the practice of adding a series of known 
amounts of an analyte to an environmental sample. The fortified ~amples 
are then analyzed and the recovery of the analytes calculated. The 
practice of SA 1 s is generally used with metal and conventional analyses 
to determine the effect of the sample matrix on the accuracy of the 
analyses. 

Field Blanks 

Field blanks are check samples that monitor contamination originating 
from the collection, transport or storage of environmental samples. One 
example of a field blank is an equipment blank. An equipment blank is 
blank water that is poured through the sample collection device to check 
the adequacy of the cleaning procedures for the sampling equipment. 
Another type of field blank is a trip blank. A trip blank is a 
laboratory control matrix (typically water) which is sent to the field in 
an appropriate sample container, remains unopened in the field, and then 
is sent back to the laboratory. The purpose of the trip blank is to 
assess the impact of field and shipping conditions on the samples. The 
results from field blanks are reported to the client as samples in the 
same concentration units as the samples. No correction of the analytical 
data is done in the laboratory based on the analysis of field blanks. 

Matrix-Specific Detection Limits 

Method Detection Limits (MDL 1 s) determined on a specific sample matrix 
are called Matrix-Specific Detection Limits. See Section 14 for a 
discussion of detection and reporting limits. 
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12. PERFORMANCE AND SYSTEM AUDITS 

Enseco laboratories participate in a variety of federal and state 
certification programs, (including the U.S. EPA CLP), that subject each 
of the laboratories to stringent system and performance audits on a 
regular basis. A system audit is a review of laboratory operations 
conducted to verify that the laboratory has the necessary facilities, 
equipment, staff and procedures in place to generate acceptable data. A 
performance audit verifies the ability of the laboratory to correctly 
identify and quantitate compounds in blind check samples submitted by the 
auditing agency. The purpose of these audits is to identify those 
laboratories that are capable of generating scientifically sound data. 
Enseco is certified to perform environmental analyses under programs 
administered by the U.S. EPA, U.S. Army, U.S. Navy, and over 15 states. 
The most current list of Enseco certifications is available upon request. 

In addition to external audits conducted by certifying agencies or 
clients, Enseco regularly conducts the following internal audits: 

• Quarterly systems audits conducted by the Divisional QA Director. 

• Periodic (at least yearly) audits conducted by the Corporate QA 
Office. 

• Special audits by the Divisional QA Director or Corporate QA Office 
when a problem is suspected. 

Enseco laboratories also routinely analyze check samples as described 
below: 

• Laboratory Control Samples (DCS, SCS, and method blanks) are 
analyzed at a frequency equal to at least 10% of the total number of 
samples analyzed (see Section 11). 

• All Enseco laboratories participate in the analyses of EPA check 
samples provided under the Water Supply (WS) and Water Pollution 
(WP) Performance Evaluation Studies. The results of these PE 
samples are tabulated by the Corporate QA Office to identify 
performance trends within the Enseco laboratories. 
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• Blind check samples from an independent commercial firm are sent to 
the laboratories periodically by the Corporate QA Office. The 
frequency and type of samples sent is based on problem areas 
identified by evaluation of tabulated PE results. 

The results of these check samples are used to identify areas where 
additional training is needed or clarification of procedures is required. 
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13. PREVENTIVE MAINTENANCE 

To minimize downtime and interruption of analytical work, preventive 
maintenance is routinely performed on each analytical instrument. 
Designated laboratory personnel are trained in routine maintenance 
procedures for all major instrumentation. When repairs are necessary, 
they are performed by either trained staff or trained service engineers 
employed by the instrument manufacturer. 

Each laboratory has detailed SOPs on file that describe preventive 
maintenance procedures and schedules. The laboratori€s also maintain 
detailed logbooks documenting the preventive maintenance and repairs 
performed on each analytical instrument. 
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14. SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA QUALITY AND DETERMINE 
REPORTING LIMITS 

Data Quality Assessment 

The effectiveness of a QA program is measured by the quality of data 
generated by the laboratory. Data quality is judged in terms of its 
precision, accuracy, representativeness, completeness and comparability. 
These terms are described as follows: 

Precision is the degree to which the measurement is reproducible. 
Precision can be assessed by replicate measurements of DCS, reference 
materials, or environmental samples. Enseco routinely monitors precision 
by comparing the RPD between DCS measurements with control limits 
established at plus three standard deviations from the mean RPD of 
historical DCS data. 

Precision is frequently determined by comparison of replicates. The 
standard deviation of "n" measurements of "x" is commonly used to 
estimate precision. 

Standard deviation (S) is calculated as follows: 

1 

s = 

n 

I: 

1=1 (X1 - X)2 

where a quantity "x" (e.g., a concentration) is measured "n" times. 

The relative standard deviation (or sample coefficient of variation, CV), 
which expresses standard deviation as a percentage of the mean, is 
generally useful in the comparison of three or more replicates (although 
it may be applied in the case of n = 2). 
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In the case of duplicates, the RPD between the two samples may be used to 
estimate precision. 

I 01 - D21 
RPD = -----

(01 + 02)/2 
X 100 

where: RPD = relative percent difference 

D1 = first sample value 

D2 = second sample value (duplicate) 

Accuracy is a determination of how close the measurement is to the true 
value. Accuracy can be assessed using LCS, standard reference materials, 
or spiked environmental samples. Unless specified otherwise in special 
contracts, Enseco monitors accuracy by comparing LCS results with control 
limits established at plus or minus three standard deviation units from 
the mean of historical LCS results. 

The determination of the accuracy of a measurement requires a knowledge 
of the true or accepted value for the signal being measured. Accuracy 
may be calculated in terms of percent recovery as follows: 

X 
Percent Recovery = f x 100 

where: X = the observed value of measurement 

T -· "true" va 1 ue 
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Representativeness is the degree to which data accurately and precisely 
represent a characteristic of a population, parameter variations at a 
sampling point, a process condition, or an environmental condition. 
Analytical data should represent the sample analyzed regardless of the 
heterogeneity of the original sample matrix. Enseco strives to 
accommodate all sample matrices. Some samples may require analysis of 
multiple phases to obtain representative results. 

Completeness is a measure of the amount of valid data obtained from a 
measurement system compared with the amount that was expected to be 
obtained under normal conditions. 

To be considered complete, the data set must contain all QC check 
analyses verifying precision and accuracy for the analytical protocol. 
In addition, all data are reviewed in terms of stated goals in order to 
determine if the database is sufficient. 

When possible, the percent completeness for each set of samples is 
calculated as follows: 

Completeness = 
valid data obtained 

total data planned 
X 100% 

Comparability expresses the confidence with which one data set can be 
compared to another data set measuring the same property. Comparability 
is ensured through the use of established and approved analytical 
methods, consistency in the basis of analysis (wet weight, volume, etc.), 
consistency in reporting units (ppm, ppb, etc.), and analysis of standard 
reference materials. 

Reporting Limits 

Assuring the validity of quantitative measurements at low concentrations 
is an extremely difficult technical problem. With regulatory action 
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A number of terms have been used, by the EPA and other technical groups, 
to express the lowest concentration of an analyte which can be measured. 
Some of these terms, their definitions, and sources are listed in Table 
14-1. A graphical representation of these terms is given in Figure 14-1. 

Enseco takes very seriously its responsibility to report technically 
defensible data. Therefore, we have established a Reporting Limit (RL) 
for each analyte in each method. The RL represents the value above which 
we believe reliable data can be routinely obtained. 

These Reporting Limits were established by collecting Method Detection 
Limit (MDL) data for organic analyses and Instrument Detection Limit 
(IDL) data for metals analyses from each Enseco laboratory. The MDL data 
were collected using the procedures described in 40CFR136 Appendix B. 
IDL data were calculated using the procedures outlined in the EPA 
Contract Laboratory Program (CLP) Statement of Work dated 12/87. The 
MDL/IDL data were then compared to various limits published in EPA 
methods and in the regulations. For example for Volatile Organics, the 
MDL data generated in Enseco laboratories were compared to the Practical 
Quantitation Limits (PQLs) published in SW-846 method 8240; the PQLs 
contained in the July 9, 1987, Federal Register Final Rulemaking on 
Appendix IX; the Contract Required Detection Limits (CRDLs) in the CLP 
Method for Volatile Organics; and the MDLs in Method 624. Then a 
Reporting Limit for each analyte was established which considered all of 
this information. The RL was set at a level above which we were 
confident that our laboratories could detect and quantify the analyte 
consistently. Using this procedure, the Reporting Limits established are 
generally between 2 to 5 times the laboratory MDL/IDL. This range is 
consistent with the American Chemical Society definition for the Limit of 
Quantitation (LOQ). (See Table 14-1) 



Detection Limit (DL) 

limit of Detection (LOD) 

Method Detection Limit 
(MDL) 

Instrument Detection 
limit (IDL) 

Method Quantitation Limit 
(MQL) 

Limit of Quantitation 
(lOQ) 

Practic2l Quantitation 
Limit (PQL) 

Contract Required 
Detection Limit (CRDL) 

TABLE 14-1 

DEFINITION OF DETECTION LIMIT TERMS 

DEFINITION 
The concentration which 
is distinctly detectable 
above, but close to a 
blank. 

The lowest concentration 
that can be determined to 
be statistically 
different from a blank 

The minimum concentration 
of a substance that can 
be identified, measured 
and reported with 99~ 
confidence that the 
analyte concentration is 
greater than zero. 

The smallest signal above 
background noise that an 
instrument can detect 
reliably. 

The m1n1mum concentration 
of a substance that can 
be measured and reported 

The level above which 
quantitative results may 
be obtained witha 
specified degree of 
confidence 

The lowest level that can 
be rei iably determined 
within specified limits 
of precision and accuracy 
during routine laboratory 
operating conditions 

Reporting limit specified 
for laboratories under 
contract to the EPA for 
Superfund activities 

DETERMINATION 
Analysis of replicate 
standards 

Analysis of replicate 
samples 

Analysis of a m1n1mum 
of seven replicates 
spiked at 1 to 6 times 
the expected detection 
limit. 

Analysis of three 
replicate standards at 
concentrations of 3-6 
times the detection 
I imit. 

Analysis of replicate 
samples 

Analysis of replicate 
samples 

Interlaboratory 
analysis of check 
samples 

Unknown 

CALCULATION 
Two times the standard 
deviation 

Three times the 
standard deviation 

The standard deviation 
times the Student t
value at the desired 
confidence levelw 
(For seven replicates, 
the value is 3.14) 

Three times the 
standard deviation 

Five times the 
standard deviation 

SOURCE 
Methods for Chemical 
Analysis of Water and 
Wastes 

ACS Definition 

40 CFR 136 Definition 
for EPA Water Programs 

Contract Laboratory 
Program 

SW-846 

Ten times the standard ACS Definition 
deviation 

1) Ten times the MDL 

2) Value where 80~ of 
laboratories are 
within 20~ of the 
true value 

Unknown 

RCRA 

SDWA Programs 

Contract Laboratory 
Program 
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(See Table 14-1 for Definitions) 
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PQL 

0 

NOTE: The values along the horizontal "Standard Deviation (SO)" axis are 
approximate values and are meant to show the relative, not absolute, 
relationship between the terms. 
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When errors, deficiencies, or out-of-control situations exist, the QA 
program provides systematic procedures, called "corrective actions," to 
resolve problems and restore proper functioning to the analytical system. 

Laboratory personnel are alerted that corrective actions may be necessary 
if: 

• QC data are outside the acceptable windows for precision and 
accuracy; 

• Blanks, DCS or SCS contain contaminants above acceptable levels; 

• Undesirable trends are detected in spike recoveries or RPD between 
duplicates; 

• There are unusual changes in detection limits; 

• Deficiencies are detected by the QA department during internal or 
external audits or from the results of performance evaluation 
samples; or 

• Inquiries concerning data quality are received from clients. 

Corrective action procedures are often handled at the bench level by the 
analyst, who reviews the preparation or extraction procedure for possible 
errors, checks the instrument calibration, spike and calibration mixes, 
instrument sensitivity, and so on. If the problem persists or cannot be 
identified, the matter is referred to the laboratory supervisor, manager 
and/or QA department for further investigation. Once resolved, full 
documentation of the corrective action procedure is filed with the QA 
department. Corrective action documentation is routinely reviewed by the 
VP of QA. 
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Examples of anomalous situation include: formation of a precipitate in 
an extract; formation of an emulsion during an extraction step; or 
missed holding times. These situations are thoroughly documented to 
enable a thorough review of the data to occur. 

Out-of-Control situations are also documented on Anomaly Forms. An Out
of-Control situation occurs when QC data fall outside of established 
control limits. The documentation associated with and Out-of-Control 
situation is reviewed by the supervisor and the QA Department. Out-of
Control situations trigger Corrective Action. Corrective Actions taken 
are also documented on the Anomaly Form. 

Project Files 

A project file is created for each project handled within the laboratory. 
The project file contains all documents associated with the project. 
This includes correspondence from the client, chain-of-custody records, 
raw data, copies of laboratory notebook entries pertaining to the 
project, and a copy of the final report. When a project is complete, all 
records are passed to the Document Custodian who inventories the file, 
checks for completeness, and puts the file into document archive. 



APPENDIX I 

MAXIMUM HOLDING TIMES AND 
SAMPLE COLLECTION/PRESERVATION INFORMATION 

Sources: Tables A-E: 
Federal Register, October 26, 1984 
SW-846, 3rd Edition, Update I 
State of California Leaking Underground 

Fuel Tank Field Manual, May 1988 

Table F: 
Contract Laboratory Program Statement of 

Work for Organic Analysis dated 10/86 
Contract Laboratory Program Statement of 

Work for Inorganic Analysis dated 12/87 

(QA Program Plan, Revision 3.3) 



Matrix 

Water Samples 

No Residual Chlorine 
Present 

Residual Chlorine 
Present 

Acrolein and 
Acrylonitrile 

Soil/Sediments and 
Sludges 

Concentrated Waste 
Samples 

A. VOLATILE ORGANICS 

Container 

3 40 mL vials with Teflon 
lined septum caps 

3 40 mL vials with 
Teflon lined septum caps 

3 40 mL vials with Teflon 
lined septum caps 

Glass jar with Teflon 
liner or core tube 

Glass jar with Teflon 
liner or core tube 

Minimum 
Sample 
Size 

40 mL 

40 mL 

40 mL 

10 g 

10 g 

Presertative 
Holding Time 

(From Date Sampled) 

4 drops cone. HCl, 4oc 14 days 

4 drops of 10% sodium 14 days 
thiosulfate, 4 drops 
cone. HCl, 4oc 

Adjust to pH 4-5, 4oc 14 days 

4°C 14 days 

None 14 days 

The above information applies to the following parameters and methods: 

Parameter 

Volatile Halocarbons 
Volatile Aromatics 
Volatile Organics 
Acrolein/Acrylonitrile 

Method 

601/8010 (GC) 
602/8020 (GC) 
624/8240/8260 (GC/MS) 
603/8030 (GC) 

Al-l (QA Program Plan, Revision 3.3) 



B. SEMIVOLATILE ORGANICS 

Matrix 

Water Samples 

No Residual Chlorine 
Present 

Residual Chlorine 
Present 

Soil/Sediments and 
Sludges 

Concentrated Waste 
Samples 

Container 

1 liter glass with 
Teflon liner 

1 liter glass with 
Teflon liner 

Glass jar with Teflon 
liner or core tube 

Glass jar with Teflon 
liner or core tube 

Minimum 
Sample 
Size 

1 1 iter 

1 1 iter 

50 g 

50 g 

Preservative 

4°C 

Add 3 ml 10% sodium 
thiosulfate per 
ga 11 on, 4oc 

4oc 

None 

The above information applies to the following parameters and methods: 

Parameter 

Phenols 
Phthalate Esters 
Organochlorine Pesticides/PCBs 
Polyaromaltic Hydrocarbons 
Organophosphate Pesticides 
Phenoxy acid Herbicides 
Semivolatile Organics 
Carbamate & Urea Pesticides 

Method 

604/8040 (GC) 
606/8060 (GC) 
608/8080 (GC) 
610/8310 (HPLC) 
614/8140 (GC) 
615/8150 (GC) 
625/8270 (GC/MS) 
632 (HPLC) 

AI-2 

Holding Time 
(From Date Sampled) 

Samples must be extracted 
within 7 days and analyzed 
within 40 days of extraction. 

Samples must be extracted 
within 7 days and analyzed 
within 40 days of extraction. 

Samples must be extracted 
within 14 days and analyzed 
within 40 days of extraction. 

Samples must be extracted 
within 14 days and analyzed 
within 40 days of extraction. 

(QA Program Plan, Revision 3.3) 



c. OTHER ORGANICS 

Holding Time(a) Min. 
Method (from Date Sample 

Parameter No. Matrix Sampled) Container Preservative Size 

Dioxins/Furans 8280 Water 30 days extn. One liter 40C 1000 ml 
45 days anal.(b) glass 

Soil /Waste 30 days extn. ( ) 
45 days anal. b 

core tube or 
glass jar 

40C 50 g 

Petroleum TPH-Gasoline Water 14 days 3 40 ml vials 4°C, HCl 40 ml 
Hydrocarbons Purge & Trap with Teflon liners to pH < 2 
as Gasoline (LUFT manu a 1) Soil/Waste 14 days Core tube or 4oc 50 g 

lass ar 

Petroleum TPH-Gasoline Water 14 days extn. One liter 4°C, HCl 500 mL 
Hydrocarbons Extractable 40 days anal. glass to pH < 2 
as Gasoline (LUFT manual) Soil/Waste 14 days extn. Core tube or 40C 50 g 

40 days anal. glass jar 

Petroleum TPH-Diesel Water 14 days extn. One liter 4°C 500 ml 
Hydrocarbons Extractable 40 days anal. glass 
as Diesel (LUFT manual) Soi 1/Waste 14 days extn. Core tube or 40C 50 g 

40 days anal. glass jar 

Petroleum TPH-IR Water 28 days One liter 4°C, H2so4 1000 ml 
Hydrocarbons (418.1) glass to pH < 2 
(TPH) 

(a) extn: extraction anal: analysis 
(b) from date of collection 

AI-3 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 
(cont.) 

9. QA/QC Requirements 

9.1 QC samples 
9.2 Acceptance criteria (precision and accuracy, % of multi-component QC 

analytes which must be within windows) 
9.3 Corrective action required (reference current QC manual) 

10. Calculations 

11. Reporting 

11.1 Reporting units 
11.2 Reporting limits 
11.3 Significant figures and reporting values below detection limit 
11.4 LIMS data entry 

12. References 

12.1 Method source 
12.2 Deviations from source method and rationale 

AII-2 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, STANDARDS AND REAGENTS 

Title 

1. Reagent/Standard Name 

2. Type (reagent, calibration standard, DCS, SCS, stock solution, etc.) 

3. Constituents/concentration 

4. Solvent 

5. Safety Issues (specific to the reagent or standard) 

6. Shelf Life 

7. Procedure 

7.1 Preparation 
7.2 Documentation (purchase date, open date, labeling, etc.) 
7.3 Verification 

AII-3 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, EQUIPMENT OPERATION, 
CALIBRATION, AND MAINTENANCE 

Title 

1. Purpose 

2. Safety Issues (applicable to the specific equipment) 

3. Procedure 

3.1 Initial start-up 
3.2 Calibration and performance documentation 
3.3 Example output 
3.4 Shut-down 
3.5 Maintenance and maintenance records 

4. Responsibilities 

5. Comments 

6. Definitions 

AII-4 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP- LABORATORY, PROCEDURAL 

Title 

1. Purpose 

2. Policies 

3. Safety Issues 

4. Procedure 

5. Responsibilities 

6. Comments 

z. Definitions 

AII-5 (QA Program Plan, Revision 3.3) 



Detection Limit (DL) 

limit of Detection (LOD) 

Mathod Detection Limit 
(MDL) 

Instrument Detection 
Limit (IDL) 

Method Quantitation Limit 
(MQL) 

Limit of Quantitation 
(LOQ) 

Practical Quantitation 
Limit (PQL) 

Contract Required 
Detection Limit (CRDL) 

TABLE 14-1 

DEFINITION OF DETECTION LIMIT TERMS 

DEFINITION 
The concentration which 
is distinctly detectable 
above, but close to • 
blank. 

The lowest concentration 
that can be determined to 
be statistically 
different from a blank 

The minimum concentration 
of a substance that can 
be identified, measured 
and reported with 99% 
confidence that the 
analyte concentration is 
greater than zero. 

The smallest signal above 
background noise that an 
instrument can detect 
rei iably. 

The minimum concentration 
of a substance that can 
be measured and reported 

The level above which 
quantitative results may 
be obtained witha 
specified degree of 
confidence 

The lowest level that can 
be reliably determined 
within specified limits 
of precision and accuracy 
during routine laboratory 
operating conditions 

DETERIIINATION 
Analysis of replicate 
standards 

Analysis of replicate 
samples 

Analysis of • m1n1mum 
of seven replicates 
spiked at 1 to 6 times 
the expected detection 
I imit. 

Analysis of three 
replicate standards at 
concentrations of 3-6 
times the detection 
I imit. 

Analysis of replicate 
samples 

Analysis of replicate 
samples 

Interlaboratory 
analysis of check 
samples 

Reporting limit specified Unknown 
for laboratories under 
contract to the EPA for 
Superfund activities 

CALCULATION 
Two times the standard 
deviation 

Three times the 
standard deviation 

The standard deviation 
times the Student t
value at the desired 
confidence level. 
(For seven replicates, 
the value is 3.14) 

Three times the 
standard deviation 

Five times the 
standard deviation 

SOURCE 
Methods for Chemical 
Analysis of Water and 
Wastes 

ACS Definition 

40 CFR 138 Definition 
for EPA Water Programs 

Contract Laboratory 
Program 

SW-848 

Ten times the standard ACS Definition 
deviation 

1) Ten times the MDL 

2) Value where 80% of 
laboratories are 
within 20% of the 
true value 

Unknown 

RCRA 

SDWA Programs 

Contract Laboratory 
Program 
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Parameter 

Metals 
(ICP) 

Arsenic 
(GF-AA) 

Mercury 
(CV-AA) 

Selenium 
(GF-AA) 

Thallium 
(Gf-AA) 

lead 
(GF-AA) 

Method 
No. Matrix 

200.7/6010 Water 

Soil/Waste 

206.2/7060 Water 

Soil/Waste 

245.1/7470 Water 

Soil/Waste 

270.2/7740 Water 

Soil/Waste 

279.2/7841 Water 

Soil/Waste 

239.2/7421 Water 

Soil/Waste 

Chromium (III/VI) 220.7/218.4/ Water 
3128/7197 

Soil/Waste 

Silica 200.7/6010 Water 

Soil/Waste 

D. METALS 

Holding Time 
(from Date 
Sampled) 

6 months 

6 months 

6 months 

6 months 

28 days 

28 days 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

24 hours 

24 hours extn. (b) 

28 days 

28 days 

Container Preservative(a) 

Poly HN03 to 
pH < 2.0 

core tube/glass jar 4oc 

Poly HN03 to 
pH < 2.0 

core tube/glass jar 40C 

Poly HN03 to 
pH < 2.0 

core tube/glass jar 4oc 

Poly HN03 to 
pH < 2.0 

core tube/glass jar 4oc 

Poly HN03 to 
pH < 2.0 

core tube/glass jar 4oc 

Poly HN03 to 
pH< 2.0 

core tube/glass jar 4oc 

Poly 

core tube/glass jar 

Poly 

core tube/glass jar 

(a) 

(b) 

Listed preservative is for total metals. Dissolved or suspended metals require filtration prior to pH 
adjustment. 
extn: extraction 

Min. 
Sample 
Size 

100 ml 

10 g 

100 ml 

10 g 

100 ml 

10 g 

100 ml 

lOg 

100 ml 

10 g 

100 ml 

lOg 

100 ml 

10 g 

100 ml 

10 g 

Al-4 (QA Program Plan, Revision 3.3) 



E. CONVENTIONALS 

Holding Time(a) Min. 
Method (from Date Sample 

Parameter No. Matrix Sampled) Container Preservative Size 

Color 110.2 Water 48 hours Poly 4oc 100 ml 

Oil and Grease 413.1/ Water 28 days Glass 4°C, H2S04 1000 ml 
413.2 to pH < 2 

Specific 120.1 Water 28 days Poly 4°C 50 ml 
Conductance 

Acidity 305.1 Water 14 days Poly 4°C 50 ml 

pH 150.1 Water ASAP Poly 4oc 50 ml 

Alkalinity 310.1 Water 14 days Poly 4oc 50 ml 

Hardness 200.7/ Water 
314A/314B 

6 months Poly HN03 to pH < 2 50 ml 

Biochemical 405.1 Water 48 hours Poly 4oc 200 ml 
Oxygen Demand 

Chemical 410.4 Water 28 days Glass 4°C, H2S04 100 ml 
Oxygen Demand to pH < 2 

Organic Carbon 415.1 Water 28 days Glass 4°C, H2S04 100 ml 
(TOC) to pH < 2 

AI-5 (QA Program Plan, Revision 3.3) 



c. CONVENTIONALS (Cont.) 

Holding Time{a) Min. 
Method {from Date Sample 

Parameter No. Matrix Sampled) Container Preservative Size 

Orthophosphate 365.3 Water 48 hours Poly 4oc 100 ml 

Total Phosphorus 365.3 Water 28 days Glass H2S04 to 100 ml 
pH < 2 

Total Kjeldahl 351.2 Water 28 days Glass 4°C, H2S04 100 ml 
Nitrogen to pH < 2 

Ammonia 350.1 Water 28 days Glass 4°C, H2so4 50 ml 
to pH < 2 

Nitrite 354.1 Water 48 hours Poly 4oc 50 ml 

Nitrate 353.2/300.0 Water 48 hours Poly 4oc 50 ml 

Nitrite plus 353.2 Water 28 days Glass 4°C, H2S04 50 ml 
Nitrate to pH < 2 

Total Solids 160.3 Water 7 days Poly 4°C 100 ml 

Total Suspended 160.2 Water 7 days Poly 4°C 100 ml 
Solids 

Total Dissolved 160.1 Water 7 days Poly 4oc 100 ml 
Solids 

AI-6 (QA Program Plan, Revision 3.3) 



Method 
Parameter No. Matrix 

Total Volatile 160.4 Water 
Solids 

Turbidity 180.1 Water 

Sulfate 300.0 Water 

Sulfite 377.1 Water 

Sulfide 376.2 Water 

Cyanide 335.1/ Water 
335.2/335.3 

Coliform, Total 909A/ Water 
& Fecal 909C 

Bromide Dionex Water 

Chloride 300.0 Water 

Chlorine, 330.1 Water 
residual 

C. CONVENTIONALS (Cont.) 

Holding Time(a) 
. (from Date 

Sampled) 

7 days 

48 hours 

28 days 

ASAP 

7 days 

14 days 

6 hours 

28 days 

28 days 

ASAP 

AI-7 

Container 

Poly 

Poly 

Poly 

Poly 

Poly 

Poly 

Sterile poly 

Poly 

Poly 

Poly 

Preservative 

4°C 

4°C 

4°C 

4°C 

4oc, NaOH to 
pH > 9 

Zn C2!!3Q:3 2 

4°C, NaOH 
to pH > 12 

4°C, Na2s2o3 

4oc 

4°C 

4°C 

Min . 
Sample 
Size 

100 ml 

50 ml 

50 ml 

100 ml 

100 ml 

250 ml 

100 ml 

50 ml 

50 ml 

100 ml 

(QA Program Plan, Revision 3.3) 



c. CONVENTIONAL$ (Cont.) 

Holding Time{a) Min. 
Method (from Date Sample 

Parameter No. Matrix Sampled) Container Preservative Size 

Fluoride 340.2 Water 28 days Poly 4oc 50 ml 

Iodide Dionex Water 28 days Poly 4°C 50 ml 

Organic Halogen 9020 Water 28 days Glass 4°C, H2S04 200 ml 
(lOX) to pH < 2 

Phenolics 420.1/ Water 28 days Glass 4°C, H2S04 100 ml 
420.2 to ph < 2 

Surfactants {MBAS) 425.1 Water 48 hours Poly 4°C 100 ml 

Gross Alpha, Beta 9310/ Water 6 months Poly HN03 2000 ml 
and Radium 9315 to ph < 2 

Odor 140.1 Water ASAP Glass 4oc 1000 ml 

a) Parameters with holding times of 24 hours or less are analyzed on the day of receipt in the laboratory. Parameters 
with holding times between 24 and 48 hours are analyzed within one day of receipt in the laboratory. 
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F. CLP HOLDING TIMES 

Holding Time(a) 
(from Date 

Parameter Matrix Received) Container 

Volatile Organics Water 10 days 2 40 ml vials with 
Teflon lined caps 

Soi 1 10 days Glass jar with Teflon 
liner or core tube 

Extractable Organics Water 5 days extn. 1 liter glass with 
40 days anal. Teflon 1 iner 

Soil 10 days extn. Glass jar with Teflon 
40 days anal. liner or core tube 

Metals (other Water 180 days P,G (b) 
than Mercury) Soil 180 days P,G 

Mercury Water 26 days P,G 
Soil 26 days P,G 

Cyanide Water 14 days P,G 

Soil 14 days P,G 

(a) Holding times calculated from date of receipt in laboratory 
(b) Polyethylene (P) or glass (G) 
(c) Only used in the presence of residual chlorine 

AI-9 

Min. 
Sample 

Preservative Size 

4°C 40 ml 

4°C 10 g 

4oc 1000 ml 

4oc 50 g 

HN03 to pH < 2 100 ml 
4oc 10 g 

HN03 to pH < 2 100 ml 
4°C 10 g 

0.6 g ascorbic acid, (c) 100 ml 
NaOH to pH >12, 4oc 

4oc 10 g 

(QA Program Plan, Revision 3.3) 



APPENDIX II 

FORMATS FOR STANDARD OPERATING PROCEDURES (SOP) 

(QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 

Title (includes method number) 

1. Scope and Application 

1.1 Analytes 
1.2 Detection limit (instrument and method) 
1.3 Applicable matrices 
1.4 Dynamic range 
1.5 Approximate analytical time (i.e., 5 minutes, 2 days) 

2. Summary of Method 

2.1 Generic description of method and chemistry behind it (i.e., extract 
with solvent, convert to methyl ester, analyze by electron-capture 
gas chromatography) 

3. Comments 

3.1 Interferences 
3.2 Helpful hints 

4. Safety Issues (specific to the method) 

5. Sample Collection, Preservation, Containers, and Holding Times 

6. Apparatus 

7. Reagents and Standards 

8. Procedure (detailed step-by-step) 

8.1 Sample preparation 
8.2 Calibration 
8.3 Analysis 

AII-1 (QA Program Plan, Revision 3.3) 
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EXECUTIVE SUMMARY 

In August, 1987, Giant Refining Company (Giant) conducted a Resource Conservation and 
Recovery Act (RCRA) Facility Assessment (RFA) at its Ciniza Refinery which is 17 miles 
east of Gallup New Mexico. The RFA identified 14 solid waste management units 
(SWMUs) at the refinery. Between 1990 and 1992, Giant conducted a series of RCRA 
Facility Investigations (RFis) that characterized all of the SWMUs. Giant requested SEC 
Donohue to prepare corrective action plans (CAPs) for two of the SWMUs requiring 
remedial action. 

One of the SWMUs identified during the Phase III RFI as needing corrective action is the 
Landfills Area. The SWMU includes four inactive refinery landfill areas that were used to 
dispose of non-regulated, non-hazardous solid waste from refinery operations from about 
1958 until 1979. This CAP addresses the remediation of the Landfills Area soils. 

The Ciniza Refinery site is underlain by clay, silt, and shale of the Chinle Formation (Fm.) . 
The Chinle Fm. also contains thin interbedded sand units. The uppermost ground water 
aquifer unit underlying the facility is present in the Sonsela Sandstone, which occurs at 
depths of 30 to 100 (ft). Ground water in the Sonsela Aquifer is confined under artesian 
conditions by the relatively impermeable Chinle clays and shales above and below. The 
potentiometric surface of the ground water is approximately 60-feet (ft) deep beneath the 
Landfills Area. Field observations and aquifer testing indicate that the confining clays and 
shales of the Chinle Fm. do not yield ground water and that low vertical and horizontal 
hydraulic conductivity inhibits ground water flow within the Chinle aquitard. A localized, 
lenticular, water bearing sand body called the Ciniza Sand has also been identified 
underlying the northwestern part of the refinery area, but it is not present in the vicinity of 
the Landfill Area. 

Twelve profile holes were excavated in the four landfill areas to determine the extent of 
organic and inorganic contamination in the Landfills Area SWMU. Volatile organic 
compounds were below detection limits in all 54 soil samples, but when compared to 
background metal concentrations, 48 of the soil samples showed elevated levels of inorganic 
compounds. Elevated levels of arsenic were detected in 17 of the 48 soil samples. Similarly, 
18 soil samples showed elevated levels of barium, 29 showed elevated levels of chromium, 
three showed elevated levels of lead, 7 showed elevated levels of nickel, and four showed 
elevated levels of vanadium. There was also one isolated detection of mercury above 
background. Chromium is the most frequently reported metal exceedance and appears in 
all but one of the 12 excavations. 

Although the metal exceedences are statistically significant increases from background 
values, most of the readings do not pose a threat to human health or the environment. 
Compared to the proposed RCRA action levels for arsenic, barium, chromium, mercury, and 
nickel only two chromium determinations are high enough to require remediation. 

In the absence of organic compound detections and with only two of the inorganic 
exceedences above proposed RCRA action levels, the four inactive landfills in the Landfills 

SEC\146791 123192B.RPT 
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Area SWMU represent a minimal threat to human health and the environment. However, 
one of the chromium exceedences is a surface detection above the RCRA action level of 
40mg/Kg and requires some form of corrective action. Giant Refining proposes to complete 
the containment of the landfill debris and block the direct contact exposure pathway for the 
surface metal exceedences by the following process: 

The former landfill areas will be regraded to fill local depressions and provide 
positive drainage and minimize any infiltration of surface runoff. 

The regraded areas will be sprinkled and compacted with tamping foot equipment to 
reduce surface porosity and decrease permeability over the buried debris. 

The compacted surface will be covered with a six-inch thick layer of locally derived 
borrow soil to prevent human and biota exposure to the areas of high chrome soils. 

The cover soil will be amended with sources of nitrogen and organic material to 
encourage the revegetation of the disturbed areas with indigenous species. 

Giant will notify EPA of its intent to close the Landfills Area SWMU. Giant will document 
the regrading and capping of the Landfills Area in the final closure report. Since metal 
exceedences are barely above proposed RCRA action levels, long term monitoring will be 
limited to annual inspections of the soil cap and maintenance of any wind eroded areas. In 
the absence of infiltrating ground water, the low levels of inorganic compounds left in the 
landfill soils will be immobilized by the dry, fine-grained soil matrix; they will be isolated 
from ground water receptors by the low permeability clays and shales underlying the former 
landfill areas; and they will be isolated from human and surface water receptors by the new 
borrow soil cover. 
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1.0 INTRODUCTION 

Giant Refining Company (Giant) owns and operates the Ciniza Refinery located 17 miles 

east of Gallup, New Mexico (Figure 1). In August, 1987, a Resource Conservation and 

Recovery Act (RCRA) Facility Assessment (RFA) was conducted at the refinery, and 14 

potential solid waste management units (SWMUs) were identified. Between 1990 and 1992, 

Giant conducted a series of RCRA Facility Investigations (RFis) to characterize all of the 

SWMUs. Giant requested SEC Donohue to assemble the information collected during the 

Phase III RFI in report form, and prepare corrective action plans (CAPs) for two SWMUs 

requiring remedial action. 

One of the two SWMUs identified as needing corrective action is the Landfills Area, which 

is located midway between the tank farm and the airstrip (Figure 2). The Landfills Area 

includes a group of four inactive solid waste landfills that received umegulated, 

non-hazardous refinery refuse from about 1958 until1979. When onsite disposal of refinery 

solid waste ceased in 1979, the refinery landfills were closed with a final layer of locally

derived borrow soil. No records exist as to which of the areas was active during any given 

period, but the solid wastes received were primarily demolition and construction debris and 

a variety of office, residential, and shop wastes (AES, 1989). Construction details are 

lacking, but the landfills are probably no more than unlined pits, excavated at convenient 

locations in the clay soil. Soil profiles indicate that the maximum depth of burial is 

approximately 8 ft. 

This report is a corrective action plan (CAP) for the Landfills Area at the Ciniza Refinery. 

Section 2.0 summarizes the geology and hydrogeology of the refinery area based on 

information reviewed from previous site characterizations. Section 3.0 reviews the 

occurrence, concentration, and distribution of organic and inorganic compounds in the 

Landfills Area SWMU. Section 4.0 presents corrective measures planned for the SWMU, 

and a closure plan is presented in Section 5.0. Profile logs and analytical results from the 

RFI Phase III soil sampling program are included as appendices. 
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2.0 SITE CONDITIONS 

The Ciniza Refinery site is located on clays, silts, shales, and thin interbedded sand units of 

the Triassic Chinle Formation (Fm). The Chinle has a structural dip of approximately two 

degrees to the northwest. The uppermost aquifer unit that underlies the entire facility, 

including the Landfills Area, is in the Sonsela Sandstone. The top of the Sonsela in the 

area occurs at a depth of approximately 107 ft. Ground water in the Sonsela is confined 

under artesian conditions by the relatively impermeable Chinle clays and shales above and 

below. A localized, lenticular, water-bearing sand body called the Ciniza Sand has also been 

identified underlying the northwestern part of the refinery area, but it is not present in the 

vicinity of the Landfills Area. 

Field observations and aquifer test data suggest that the shales and clays of the Chinle Fm. 

do not contain free ground water and that low hydraulic conductivity inhibits horizontal and 

vertical migration of water, qualifying the Chinle as an aquitard. 

2.1 SUBSURFACE GEOLOGY 

The Ciniza Refinery site is located on predominantly clayey soil derived from weathering 

of the underlying Petrified Forest Member of the Triassic Chinle Fm. (Figure 3). Clay, silt, 

shale, with thin interbedded sand units were encountered in borings drilled across the 

refinery site. The clay and shale of the Petrified Forest Member overlie the Sonsela 

Sandstone, which occurs at depths ranging from approximately 30 ft in the southeastern part 

of the refinery to over 100 ft to the northwest (Figure 3). The Sonsela Sandstone is 

composed of fine- to coarse-grained quartz sand which is partially cemented with silica and 

carbonate. The Sonsela unit is approximately 10 to 30ft thick and dips to the northeast and 

northwest beneath the Ciniza refinery location (Figure 4). The near surface fine-grained 

sequence is thickest towards the northwestern part of the refinery property and thins to the 

southeast. The clay and shale unit is dominantly reddish brown, highly weathered, and dry. 

It also contains relatively high background concentrations of naturally occurring metals. 

Apparently discontinuous, 1 to 5 ft thick sand beds were noted in several borings, 

interbedded with the clays and shales (GCL, 1986). 
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Borings drilled in the northwest corner of the refinery encountered a 2-to 10-ft thick, 

lenticular sand unit within the clay and shale of the Petrified Forest Member. The sand unit 

is locally referred to as the Ciniza Sand and it occurs roughly parallel to and about 50 ft 

above the Sonsela Sandstone (Figure 5). Borings taken elsewhere across the facility suggest 

that the Ciniza Sand subcrops beneath less than approximately 3 percent of the refinery 

area. The Ciniza Sand pinches out approximately 800 ft southwest of the Landfills Area and 

is not present under the site (GCL, 1986). 

2.2 HYDROGEOLOGY 

The principle aquifer units in west central New Mexico are the Sonsela Sandstone and the 

San Andres Fm. Both are confined, artesian aquifers and both underlie the Ciniza Refinery 

site. The San Andres is present at a depth of approximately 800ft. Wells completed in the 

San Andres produce in excess of 1,000 gallons per minute (gpm) of good quality water, and 

the aquifer is the principle water supply source to the refinery. In comparison, the Sonsela 

Aquifer is present from 30 to over 100 ft below ground and produces 1 to 10 gallons per 

minute (gpm) of fair to poor quality water. Ground water is also present under confined 

conditions in the Ciniza Sand beneath the northwestern part of the refinery. Clay and shales 

overlying both the Sonsela and Ciniza unit'i are dry and act as aquitards (GCL, 1986). 

2.2.1 Sonsela Sandstone Aquifer 

The Sonsela Sandstone is the uppermost aquifer underlying the Ciniza Refinery, occurring 

at depths ranging from 30 to over 100ft. The Sonsela is confined above and "below by clay 

and shales of the Chinle Fm. Resulting artesian conditions in the Sonsela are manifest by 

artesian heads ranging from 30 to 100 ft in the refinery area (Figures 6 and 7). The 

resulting upward gradient between the Sonsela and the overlying Chinle aquitard results in 

localized saturation of Chinle shales and clay immediately above the Sonsela contact. 

The potentiometric surface of ground water in the Sonsela dips to the northeast and 

northwest, roughly parallel with structural dips observed in the Sonsela Sandstone (Figure 

4). The potentiometric surface has a gradient of approximately 0.010 ft/ft and is relatively 

uniform across the site (Figure 6). 
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Aquifer slug and pump test data in the western area of the refinery indicates that the 

hydraulic conductivity of the Sonsela Sandstone is 3.9xl0-6 ft/sec or 0.35 ft/day (Shomaker, 

1984). Assuming a average porosity of 10 percent and a gradient of 0.010 ft/ft, the ground 

water velocity would be 13 ft/year. The Sonsela Aquifer is capable of yielding 1 to 10 gpm. 

2.2.2 Chinle Aquitard 

The Sonsela Aquifer is confined above and below by low permeability clays and shales of 

the Chinle aquitard. Aquifer slug and pump tests indicate that the Chinle aquitard has a 

hydraulic conductivity of 8.3x10-9 ft/sec or 7.1x10-4 ft/day (Shomaker, 1984). Assuming an 

average porosity of 40 percent and a gradient of 0.010 ft/ft, free ground water flow in the 

Chinle aquitard, if it exists, would flow at a rate of 0.007 ft/year. With the exception of 

shale and clay immediately overlying the Sonsela Aquifer, no ground water has been noted 

in Chinle shales and clays beneath the refinery site. 

2.3 SUBSURFACE CONDITIONS IN THE LANDFILLS AREA 

In June 1992, twelve soil profiles were excavated in the Landfills Area to document 

subsurface conditions and to sample area soils (AEC, 1992). The profiles locations are 

shown in Figure 8. The soil descriptions generated during excavation of these profiles 

(Appendix A) provide the most detailed information regarding near-surface conditions in 

the area. The profiles encountered variegated red and gray clay with varying amounts of 

sand, gravel and debris. The maximum depth of investigation was 9.5 feet. Debris was 

observed in seven of the twelve excavations. Maximum debris thickness was 7 feet, and the 

maximum observed depth of burial was 8 ft. Undisturbed materials, consisting of red and 

gray variegated clays, were encountered below the 9-ft level. 

Well 0 W -12, installed as part of previous investigation at the refinery ( GCL, 1986), provides 

information on deeper geologic units in the Landfills Area. The location of OW-12 is shown 

in Figure 4 and a log of this well is presented in Figure 9. The investigation suggests the 

first water bearing unit beneath the Landfills Area occurs is the Sonsela Sandstone at a 

depth of approximately 65ft. The water level in OW-12 is 47ft below the ground surface. 
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Very low permeability clays, silt and shale of the Petrified Forest Unit of the Chinle Fm are 

found between the Sonsela Sandstone and the fill in the Landfills Area . 

Water was reported at the bottom sample point in profiles RFE0502, RFI0504, and 

RFI0509. In the first two profiles, the field logs report a layer of gravel or soil and concrete 

at the base of the refuse. The observation suggests that moisture buried with the refuse, or 

surface water infiltrating since landfill closure, bas percolated to the clay layers underlying 

the Landfills Area. With water reported in only three of the twelve profiles, and effectively 

contained by the undisturbed native clays, its presence should not pose a threat to the 

quality of the shallow ground water aquifer approximately 65 ft below grade in the Landfills 

Area. 
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3.0 SITE ASSESSMENT 

During the Phase II (May, 1992) RFI, soil samples were taken from the four inactive 

refinery landfill areas in SWMU No.5 to determine the extent of soil contamination in the 

Landfills Area. The four landfill areas are designated 1, 2, 3, and 5 in Figure 8 for 

consistency with the source document (AES, 1989). The missing landfill area 4 was 

apparently dropped from consideration during the facility assessment evaluation. (Driscoll, 

1993). Twelve profiles were excavated vertically at the locations shown on Figure 8. 

Samples were collected at the surface, and at 3, 7, and 9.5 foot depths and analyzed for 

volatile organic compounds (EPA Method 8260) and background metals (EPA Method 

6010). Profiles logs and field observations are included in Appendix A. The analytical 

results of the soil sampling program are provided in Appendix B, summarized in Table 3.1, 

and discussed in the following paragraphs. 

3.1 ORGANIC COMPOUNDS 

None of the 48 soil samples collected during the Phase III RFI indicated a detectable level 

of volatile organic hydrocarbons (VOCs) EPA Method 8020. The absence of organic 

detections is consistent with the description of the refinery solid waste stream in the records. 

(i.e., demolition and construction wastes, asphalt paving, concrete and scrap metal (AES, 

1989).) 

3.2 INORGANIC COMPOUNDS 

Unlike the detection of organic compounds, the analysis for inorganic contaminants must 

determine if the detection is a significant increase over the already high background 

concentrations of metals in the native soils. Appendix C presents the data and methodology 

used to establish the mean background concentration for the metals arsenic, barium, 

beryllium, cadmium, chromium, lead, mercury, nickel, and vanadium. The appendix also 

discusses the development of an upper tolerance limit for each metal beyond which the 

detection is considered to be statistically significant. Table 3.1 lists all of the soil samples 

in which one or more metals exceeded the upper tolerance limits established in Appendix 

c. 

SBC\J46?91123192B.RPT 3-1 



. l 

' '! 
i 

' ' 
! 
~ 

Table 3.1 shows that elevated levels of arsenic were detected in 17 of the 48 soil samples. 

Similarly, 18 soil samples showed elevated levels of barium, 29 showed elevated levels of 

chromium, three showed elevated levels of lead, 7 showed elevated levels of nickel, and four 

showed elevated levels of vanadium. There was also one isolated detection of mercury 

above background. 

The bulk of the metal exceedences occur in profiles RFI0503, RI0504, and RFI0505 taken 

from landfill area No. 3 on Figure 8. Arsenic and chromium exceedences are found in 

nearly all of the soil samples taken from this area, and the same profiles yield all of the 
.. I 

·,; lead, mercury, and most of the nickel exceedences reported in Table 3.1. Since there 
:j 

appears to be no differences in the character of the wastes going to the different landfills, 

there is no explanation for this relative concentration of metal exceedences in landfill No.3. 

Chromium is the most frequently reported metal exceedence and appears in all but one of 

the 12 profiles. Barium exceedences occur mainly in the southern landfill areas No. 2 and 

No.5, while the infrequent vanadium exceedences appear in landfill areas No.2, No.3, and 

No.5. 

Although the metal exceedences recorded in Table 3.1 are statistically significant increases 

from background values, most of the readings do not pose a threat to human health or the 

environment. The proposed RCRA corrective action levels for arsenic, barium, chromium, 

mercury, and nickel (July 27, 1990, Federal Register) appear at the top of Table 3.1. Of the 

432 determinations, only 79 are statistically significant in comparison to background levels. 

Of these 79 metal exceedences, only two chromium determinations are above the proposed 

RCRA remedial action levels for soils. Both of these exceedences occur in profiles taken 

from landfill area No. 3, and only one is a surface soil detection. 

3.3 SUMMARY AND CONCLUSIONS 

Since the potentiometric surface of the Sonsela Aquifer is about 47 ft below grade in the 

vicinity of the Landfills Area, the scattered detections of free water at the base of the refuse 

should not impact the quality of the shallow ground water aquifer. 
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In the absence of organic compound detections and with only two of the inorganic 

exceedences above proposed RCRA action levels, the four inactive landfills in the Landfills 

Area SWMU represents a minimal threat to human health and the environment. If both 

of the chromium exceedences were from subsurface samples, the Landfills Area SWMU 

might qualify as a site requiring no remedial action. However, one of the chromium 

exceedences is a surface detection above the RCRA action level of 40mg/Kg and requires 

some form of corrective action. 
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4.0 REMEDIAL ACTION 

Giant Refining proposes to complete the containment of the landfill debris and block the 

direct contact exposure pathway for the surface metal exceedences by adding a layer of 

locally-derived borrow soil to the four landfill areas in the Landfills Area SWMU. The 

undisturbed clay soils beside and below the buried debris are an effective barrier to the 

migration of landfill contaminants. Only the surface pathway remains to be interrupted. 

4.1 AREA REGRADING 

The landfill areas are already part of a local topographic high, so the natural drainage 

carries surface runoff away from the existing soil cover. However, the differential settlement 

of uncompacted landfill debris has created some local depressions in the soil cover, and 

Giant will regrade these areas to eliminate local sources of infiltration. As part of the 

regrading process, the existing surface soil will be sprinkled and compacted with tamping 

foot rollers to reduce the surface porosity and permeability. 

4.2 BORROW SOIL CAP 

The regraded and compacted landfill areas will be covered with a 6 inch thick layer of 

locally derived borrow soil. An undisturbed area of the refinery property will be used as a 

source of the cover layer, and the soil will be amended with sources of nitrogen and organic 

material to encourage the revegetation of the Landfills Area with indigenous species. 

4.3 MONITORING 

Further sampling of the in-place refuse should not be necessary since the landfill areas have 

been characterized by the Phase III RFI sampling program. Characterization of the borrow 

soil should not be necessary in view of the data already collected on background metal 

concentrations of local soils. 
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5.0 CLOSURE 

Giant will notify EPA of its intent to close the Landfills Area SWMU. Giant will document 

the regrading and capping of the Landfills Area in the final closure report. Since metal 

exceedences are barely above proposed RCRA action levels, long term monitoring will be 

limited to annual inspections of the soil cap and maintenance of any wind eroded areas. In 

the absence of infiltrating ground water, the low levels of inorganic compounds left in the 

landfill soils will be immobilized by the dry, fine-grained soil matrix; they will be isolated 

from ground water receptors by the low permeability clays and shales underlying the former 

landfill areas; and they will be isolated from human and surface water receptors by the new 

borrow soil cap. 
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Proposed 
RCRA Action 
Level 

Background 0-5 
Soils3 5+ 

RFI0510VO.O OS Surface 

RFI0510V3.0 05 3 

RFI0510V7.0 05 7 

RFI0510V9.5 05 9.5 

RFIOSU VO.O 05 Surface 

RFI0511 V3.0 05 3 

RFI0511V7.0 05 7 

RF10511V9.5 05 9.5 

RFIOS12VO.O 05 Surface 

RFI0512V3.0 05 3 

RFI0512V7.0 05 7 

RFI0512V9.5 05 9.5 

RFI0512D9.5 05 9.5 
See F1gure 8 for Sample Locations 

TABLE 3.1 

Metals Exceedances Detected in Soil1 

Landfills Area (SWMU NO. 5) 
Ciniza Refinery 

80 

11.7 
11.0 

4000 

409 
385 

850 

1600 

710 

780 

40 

8.3 
8.0 

8.8 

10 

9.1 

460 8.5 

420 

__ 2 

18.3 
15.2 

20 2000 

0.2 12.5 
O.D3 11.8 

- Concentrations are within tolerance limit based on statistical analysis of background metals concentrations in the Ciniza Refinery area. 
1 Beryllium and cadmium concentrations were all within the tolerance limit for soil samples analyzed from SWMU NO. 5. 

No excccdances were noted. 
2 No RCRA action level proposed. 
3 Represents the statistical upper tolerance limit for measured background levels. 
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Project Name: Cinlza Refinery 
Giant Refinery 

ProJect Number: J467B.OI 

Geologie Description 

Soft, light brown, fine-grained sand 
with gravel-sized fragments of 
chert, limestone and petrified wood, 
highly weathered. Soil derived from 
weatherin of Chinle Formation. 

NOTE: Geologic description based 
on logging by Dames & Moore. 
Shale and limestone, as above. 

Silty, fine-to medium-grai 
calcareous sandstone 

Silty, sandy shale, soft, fresh. 

Hard drilling at 90 feet. 

Shale, as above. 

Fine-grained sanelstone, grey to 
bluish grey, thinly bedded 
interbedded with sandy mudstone, 
reeldish brown, hard, fresh. 

Silty, sandy shale, grey, hard fresh. 

TOTAL DEPTH== 145.0 FEET 

Figure 9 
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DATA PWI!GEMENT 

Sample Location: --:..S.:..~?t~l""-cr?"-'-,k;?/_~.....;);;...-___ _ 

Sample Type: ---~.;;.....;;0~/-'=L:::;.,_ _______ _ 

Team Leader: _ ___...1-=.....:S';;;..:I.~...'f.:::£=.='-~m~Ai~--"---

Sample Personnel: --:;m...;...:,...-=-6'~4-.~t?~M::::..:~=-...;·I~r-· ...~..r_.&=.-.;;;;!.4...;;;6..:..-a.::;.s;::::...... ______ _ 
I ·. 

Sampling Method: -~4U...x..Jo::.4~£=:.£a-. ________ _ 

Sample No.,f¢1.;?Si'l Vt?.OSample Time/Desc:ript.icn: 9 J 3tl /bY1 

Sample No.Q,[Z// V 1. o Sample Ti.me/Descrlpt.ion: J; '-'( o ~ 

Sample No. DSIJ( V 7. o Sample Time/Description: f.' b A;m 

Sample No. O@IV9, r Sample Time/Description: q: &t /h'l1 Mt 15> r SOtL 

Sample No. OJ() I PZ )Sample Time/Description: OI>T .SOIL 

General Field Observations:-------------------

Boring Lithology: tJ - / 1 (?£ D ClAY! ( 1 - 2 I MU L. n L D L D (2_£ () ~OJ L 
vJ 1 f.~ M t M £. rn L D &512.t.f, I f?:U 7 rt, J ' - 1' {2.£...b:. G.L A v .. vt..IL -1 

!11at'zl e tJ' -"7,5'/NtOi mr;;sn.{ C12.411,cL LAY££, ?•>'-1-0' 
((_ ~ b C-&Li y llv'($" n'1 ,G ,, t?ff I{ ' t(?£4tLI IV'4 I 
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DATA H!R!GEMENT 

Sample Location: -~cJ~W:::;..I11~(.)"---ti-""',S:..._:: ___ _ Sample nate: .:.-~/'/ ~zz. 

Sample Type: __ __;S::....;;.O...;.I.;;.L-;;__ _______ _ 

Team Leader: __ ..e::k;;.....;;S;....:..;.H_c...._t.....;..(1J_N..;._ __ ~-

Sample Personnel: _ ___..!/YJ:...;..<..._.j/i~/6~1Z~rl;..:;..:;:£~V_,J,!..-..L.r---'(?O=-=c:;~U::z:;;· .=..S:__ ______ _ 
I 

Samp~g Me~ad: ----~4~V~/,~tJe~~-----------------

Sample No. D rc ]. y ?.o Sample Time/Description: __.f'~·..:...,..::::3;..s.(l'-'-rin?~--..,....--....-:-f"?'?...:.=;(,1..:..1.:.~ r 5 OIL 

Sample No. c :!>?J 2 ~ '7. .)Sample Time/Descri pt.ion: __ y'-'-; _'/.:...J;;..;-<2;>11~;..:.._----4~1 11..:..;..,:~::; 

Surface Tenai.n: ,Ct4T i;>G-c.ls,! cvte,tCAcL Vt5Ct£77i7'7o,A/, 
IJ;g I/ .f d /k'...£Je,v'IJ r'Wt me;.. T#-1: 17,) L/ 1 • 

We a t.her Conditions: C L 6-&zZ ? ~ ~ , /;f S 4- L,lt c1/ <> (!::!. 2 ~ 1 ,...,.., ,o II. , I -- ---;--

General Field Observations: --------------------

z. - K I Ct/ZA-i/4 I. t--v! £oa'1t{ WBT?!€.{!!.. e' - 2. r: I £.6- /) I Crf;?t/ 
ct-lfy, Dt;nalcr Ctet1y 4M1h4c 1·0 1 , s'~ 77ttc/5. 
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DATA MAlU.<mmNT 

Sample Location: __ .,.,5;...,L,..J'-Ii1~.ao::.cJ_#_.::;.:;-____ _ Sample Date: S: -l.lf-1z.. 

Sample Type: ----.::::..5:..JQo:::...L../""'L._ ______ _ 

Team Leader: ---...:L=--..;:;S;;....:I-I:...L...ir;F:;;..::;;L•tO~N~_..,;..,_ __ 

Sample Personnel: __ _.rn~...~/3~ . ._A~tf:...;;;:.JcJ.:;.:;E.;;:...L.t......,,'-=r_,__--r.:.t?f?:::~:::..~~:~?..:t!.-;;:;.:a';.:;;i::-=:.5::..· --------
1 

Sampling Method: ---~ft~V ..... ?...::e..;.:.IC.=---------

Sample No. Q..SPJY1 o Sample Time/Description: II ; 2r/1Y'1 i:JtZYScJJL 
P,b-{ 

Sample No. oszn J z Cl Sample Time/Description: II~ J )7; Qti.. i .sOIL 

_!J-# 
Sample No. t~s7J3 V'9,s-"Sample Time/Description: 1 ¢' t~J-/trl1 . l:>IZY J UtL 

D- (?? 

Sample No. 0 fP '! !Y1. 5' Sample Time/Description: I /.'lj[r'fYJ1 D 12. V sot L 
ftA~{ 

General Field Observations: --------------------

. ... 

Boring Lithology: a- '3 1 D€-&G I 5 /.! o 1 L • 3 
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1?' S'' 01' '( t= IJ I( £/.J/(..) 1-/111!. 
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DATA MANAGEMENT 

Sample Location: _--.::S:::...J:::w~m~u::::._# _ _,$'!-___ _ Sample Date: S:- /'3- 22 

Sample Type: ___ __.'5::...~~:0::..J/:.J:L==---------

Team Leader: ___ ....:;;;L--=.5:....H:..:..;:,c.::;,a;;L..{.U-=:;.,;.;# _ _.... __ 

Sample Personnel: __ .;..v1'1..;...:........=:/J.!..A-.:..;;I'Z..i=..a«:..::tf~f___.,.7_'1.t..-..t..I?::;;..:::.:O..:Z.:..;• 6-~£;....;:::;,~------

Sampling Method: ----.:...4v~?~t£:::;.L.;&:=..--------

Sample No. o )"o'-'1\IJ. o Sample Time/Description: -:..l....:f....:I_O--::---:-----:-:--IJ.f.D.:.:::C.o.~.Y~J:.J:o:L..r.~ooL .... 
•• £.:) f 

Sample No. OAY"'l v·z, 0 Sample Time/Description: ......{../_,_.~"""U:::::..."'"""':--:---:?-__,;D"!t?=....L.Y~.!,J,r.V:.c.'l-'o;L 
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EXECUTIVE SUMMARY 

In August, 1987, Giant Refining Company (Giant) conducted a Resource Conservation and 
Recovery Act (RCRA) Facility Assessment (RFA) at its Ciniza Refinery which is located 
17 miles east of Gallup, New Mexico. The RFA identified 14 solid waste management units 
(SWMUs) at the refinery. Between 1990 and 1992, Giant conducted a series of RCRA 
Facility Investigations (RFis) which characterized all of the SWMUs. Giant requested that 
SEC Donohue prepare corrective action plans (CAPs) for two of the SWMUs requiring 
remedial action. 

One of the SWMUs identified during the Phase III RFI as needing corrective action is the 
Fire Training Area.. This unpaved site was used by the refinery volunteer fire department 
two or three times per year when they set and extinguished petroleum fires. The fires were 
set in a 16-ft diameter steel tank provided for the training sessions, and were extinguished 
with hose-mounted fog nozzles. Over a period of many years, some soil areas adjacent to 
the tank were stained by small amounts of diesel fuel splashed over the rim by the water 
spray used to extinguish the practice fires. This CAP addresses the remediation of the Fire 
Training Area soils. 

The Ciniza Refinery site is underlain by clay, silt, and shale of the Chinle Formation (Fm.). 
The Chinle Fm. also contains thin interbedded sand units. The uppermost ground water 
aquifer unit underlying the facility is present in the Sonsela Sandstone, which occurs at 
depths of 30 to 100 (ft). Ground water in the Sonsela Aquifer is confined under artesian 
conditions by the relatively impermeable Chinle clays and shales above and below. The 
potentiometric surface of the ground water is approximately 38 feet (ft) below the surface 
in the area of the Fire Training Area. Field observations and aquifer testing indicate that 
the confining clays and shales of the Chinle Fm. do not yield ground water and that low 
vertical and horizontal hydraulic conductivity inhibits ground water flow within the Chinle 
aquitard. A localized, lenticular, water bearing sand body called the Ciniza Sand has also 
been identified underlying the northwestern part of the refinery area, but it is not present 
in the vicinity of the Fire Training Area. 

Soil samples were taken at varying depths adjacent to the training area tank to determine 
the extent of soil contamination at the site. Total petroleum hydrocarbons (TPH) in the C4 
to C9 range were detected at 75ppm in only one surface sample. Total petroleum 
hydrocarbons in the oil and grease range were detected in all but two of the soil samples. 
Concentrations ranged from a high of 29,000 mg/Kg to a low of 44 mgjkg, with the higher 
readings associated with surface samples. Oil and grease concentrations decreased with 
depth, but several readings were still above 2,000 mg/Kg at the 4.5-ft level. Visual soil 
staining correlated well with oil and grease readings above 10,000 mg/Kg (1 %). Heavy soil 
staining was confined to a 5-ft wide band around the fire training tank, and was not reported 
below a depth of 22 inches (in). 

Oil and grease TPH readings are above the 1,000 mg/Kg remediation target of the New 
Mexico Special Waste Requirements for petroleum contaminated soils in 8 of the 13 soil 
samples. However, the shallow and localized nature of the petroleum contamination 
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suggests that the small volume of Fire Training Area soils can be remediated in place. 
Giant proposes the following corrective action sequence: 

The existing steel tank will be moved so that soils under the tank edge can be 
accessed for remediation. 

Using the tank location as a center, an area of soil 30 ft in diameter will be aerated 
to a depth of 5 ft using conventional construction equipment. The moisture level of 
this soil volume will be raised to increase biological activity. 

Nitrogen and organic soil amendments will be tilled into the top 2 ft of the disturbed 
area to assist the biodegradation of the petroleum contaminants. Biological activity 
will be maintained by periodic sprinkling of the area using the fire water main. 

The disturbed area will be tilled periodically to regenerate the top 2 ft of soil. The 
progress of the biodegradation will be monitored on a quarterly basis. 

When oil and grease TPH is at or below 1,000 mg/Kg, EPA will be notified that Giant 
intends to close the Fire Training Area SWMU. Four borings will be augured into the 
remediated area to a depth of 5 ft to confirm that the remediation is complete. The 
disturbed area will be regraded for positive drainage and tilled with nitrogen and organic 
amendments to encourage rapid revegetation. Giant will document all remediation and 
closure activities. 

In order to prevent soil contamination during future fire training sessions, Giant plans to 
rebuild the fire training facilities on a curbed concrete pad. The pad will be equipped with 
a concrete sump for improved spill control and better area housekeeping. The overspray 
from the fire fighting sessions will be contained by the curbing, collected by the sump, and 
transferred to the refinery's oily water treatment system. 
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1.0 INTRODUCTION 

Giant Refining Company (Giant) owns and operates the Ciniza Refinery located 17 miles 

east of Gallup, New Mexico (Figure 1). In August, 1987, a Resource Conservation and 

Recovery Act (RCRA) Facility Assessment (RFA) was conducted at the refinery, and 14 

potential solid waste management units (SWMUs) were identified. Between 1990 and 1992, 

Giant conducted RCRA Facility Investigations (RFis) at all of the SWMUs. 

One of the SWMUs identified as needing corrective action is the Fire Training Area, which 

is located approximately 400-ft north of the tank farm (Figure 2). The Fire Training Area 

is equipped with a fire water header for direct hose connection, a 4-ft high by 16-ft diameter 

tank set on the ground, and a water booster pump mounted on a cement pedestal. Two or 

three times per year, the refinery volunteer fire department extinguishes petroleum fires that 

have been set in the steel tank provided for this specific purpose. The tank typically 

contains about 3 ft of water and 3 to 6 in of diesel fuel at the start of each training session. 

During the training session, some of the hydrocarbon fuel can be splashed over the tank rim 

by the water spray used to extinguish the fire. The Fire Training Area is unpaved, and 

analysis of the soils adjacent to the tank indicates elevated levels of petroleum hydrocarbons 

in the surface and near-surface soil layers. 

This report is a corrective action plan (CAP) for the Fire Training Area at the Ciniza 

Refinery. Section 2.0 summarizes the geology and hydrogeology of the refinery area based 

on information reviewed from previous site characterizations. Section 3.0 reviews the 

occurrence, concentration, and distribution of petroleum hydrocarbons detected in the Fire 

Training Area. Section 4.0 presents corrective measures planned for the SWMU, including 

planned revisions to the facility to prevent petroleum releases during future training sessions. 

A closure plan, including confirmation sampling and target cleanup levels, is presented in 

Section 5.0. Profile logs and analytical results from the RFI Phase III soil sampling program 

(AEC,1992) are included as appendices. 
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2.0 SITE CONDITIONS 

The Ciniza Refinery site is located on clays, silts, shales, and thin interbedded sand units of 

the Triassic Chinle Formation (Fm). The Chinle has a structural dip of approximately two 

degrees to the northwest. The uppermost aquifer unit that underlies the entire facility, 

including the Fire Training Area, is in the Sonsela Sandstone. The top of the Sonsela in the 

area occurs at a depth of approximately 65 ft. Ground water in the Sonsela is confined 

under artesian conditions by the relatively impermeable Chinle clays and shales above and 

below. A localized, lenticular, water-bearing sand body called the Ciniza Sand has also been 

identified underlying the northwestern part of the refinery area, but it is not present in the 

vicinity of the Fire Training Area. 

Field observations and aquifer test data suggest that the shales and clays of the Chinle Fm. 

do not contain free ground water and that low hydraulic conductivity inhibits horizontal and 

vertical migration of water, qualifying the Chinle as an aquitard. 

2.1 SUBSURFACE GEOLOGY 

The Ciniza Refinery site is located on predominantly clayey soil derived from weathering 

of the underl}ing Petrified Forest Member of the Triassic Chinle Fm. (Figure 3). Clay, silt, 

shale, with thin interbedded sand units were encountered in borings drilled across the 

refinery site. The clay and shale of the Petrified Forest Member overlie the Sonsela 

Sandstone, which occurs at depths ranging from approximately 30 ft in the southeastern part 

of the refinery to over 100 ft to the northwest (Figure 3). The Sonsela Sandstone is 

composed of fine- to coarse-grained quartz sand which is partially cemented with silica and 

carbonate. The Sonsela unit is approximately 10- to 30-ft thick and dips to the northeast 

and northwest beneath the Ciniza refinery location (Figure 4 ). The near surface fine

grained sequence is thickest towards the northwestern part of the refinery property and thins 

to the southeast. The clay and shale unit is dominantly reddish brown, highly weathered, 

and dry. It also contains relatively high background concentrations of naturally occurring 

metals. Apparently discontinuous, 1- to 5-ft thick sand beds were noted in several borings, 

interbedded with the clays and shales (GCL, 1986). 
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Borings drilled in the northwest corner of the refinery encountered a 2- to 10-ft thick, 

lenticular sand unit within the clay and shale of the Petrified Forest Member. The sand unit 

is locally referred to as the Ciniza Sand and it occurs roughly parallel to and about 50-ft 

above the Sonsela Sandstone (Figure 5). Borings taken elsewhere across the facility suggest 

that the Ciniza Sand subcrops beneath less than approximately 3 percent of the refinery 

area. The Ciniza Sand pinches out approximately 1400-ft northwest of the Fire Training 

Area and is not present under the site (GCL, 1986). 

2.2 HYDROGEOLOGY 

The principle aquifer units in west central New Mexico are the Sonsela Sandstone and the 

San Andres Fm. Both are confined, artesian aquifers and both underlie the Ciniza Refinery 

site. The San Andres is present at a depth of approximately 800 ft. Wells completed in the 

San Andres produce in excess of 1,000 gallons per minute (gpm) of good quality water, and 

the aquifer is the principle water supply source to the refinery. In comparison, the Sonsela 

Aquifer is present from 30 to over 100-ft below ground and produces 1 to 10 gallons per 

minute (gpm) of fair to poor quality water. Ground water is also present under confined 

conditions in the Ciniza Sand beneath the northwestern part of the refinery. Clay and shales 

overlying both the Sonsela and Ciniza units are dry and act as aquitards (GCL, 1986). 

2.2.1 Sonsela Sandstone Aquifer 

The Sonsela Sandstone is the uppermost aquifer underlying the Ciniza Refinery, occurring 

at depths ranging from 30 to over 100ft. The Sonsela is confined above and below by clay 

and shales of the Chinle Fm. Resulting artesian conditions in the Sonsela are manifest by 

artesian heads ranging from 30 to 100 ft in the refinery area (Figures 6 and 7). The 

resulting upward gradient between the Sonsela and the overlying Chinle aquitard results in 

localized saturation of Chinle shales and clay immediately above the Sonsela contact. 

The potentiometric surface of ground water in the Sonsela dips to the northeast and 

northwest, roughly parallel with structural dips observed in the Sonsela Sandstone (Figure 

4). The potentiometric surface has a gradient of approximately 0.010 ft/ft and is relatively 

uniform across the site (Figure 6). 
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Aquifer slug and pump test data in the western area of the refinery indicates that the 

hydraulic conductivity of the Sonsela Sandstone is 3.9x10"6 ft/sec or 0.35 ft/day (Shomaker, 

1984). Assuming a average porosity of 10 percent and a gradient of 0.010 ft/ft, the ground 

water velocity would be 13ft/year. The Sonsela Aquifer is capable of yielding 1 to 10 gpm. 

2.2.2 Chinle Aguitard 

The Sonsela Aquifer is confined above and below by low permeability clays and shales of 

the Chinle aquitard. Aquifer slug and pump tests indicate that the Chinle aquitard has a 

hydraulic conductivity of 8.3x10·9 ft/sec or 7.1x104 ft/day (Shomaker, 1984). Assuming an 

average porosity of 40 percent and a gradient of 0.010 ft/ft, free ground water flow in the 

Chinle aquitard, if it exists, would flow at a rate of 0.007 ftjyear. With the exception of 

shale and clay immediately overlying the Sonsela Aquifer, no ground water has been noted 

in Chinle shales and clays beneath the refinery site. 

2.3 SUBSURFACE CONDITIONS IN THE FIRE TRAINING AREA 

In June 1992, four profiles were excavated in the Fire Training Area to document subsurface 

conditions and to sample area soils. The locations are shown in Figure 8. The soil 

descriptions generated during the profile excavations (Appendix A) provide the most 

detailed information regarding near-surface conditions in the area. The excavations 

encountered variegated red and gray clay with varying amounts of sand, and gravel to the 

maximum depth of investigation of 5 ft. Soil in the south and west profiles (RFI0703V and 

RFI0704V) had a dark discoloration to a depth of approximately 2 ft. The soil was 

reportedly moist with one detection of free water at the bottom of the west profile. 

Well OW-18, installed as part of previous investigation at the refinery (GCL,1986), provides 

information on deeper geologic units in the Fire Training Area. The water level in OW-18 

is 27-ft below the ground surface. The location of OW-18 is shown in Figure 4 and a log 

of this well is presented in Figure 9. The investigation suggests that the first water bearing 

unit beneath the Fire Training Area is the Sonsela Sandstone at a depth of approximately 

65 ft. The potentiometric surface of the ground water is approximately 38-ft below the 

ground surface in the Fire Training Area. Very low permeability days, silt and shale of the 
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shale of the Petrified Forest Unit of the Chinle Fm are found between the Sonsela 

Sandstone and the ground surface. 
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3.0 SITE ASSESSMENT 

During the RCRA Phase III Facility Investigation (RFI), soil samples were taken adjacent 

to the tank to determine the extent of soil contamination in the Fire Training Area. Four 

excavations were advanced vertically at the locations shown on Figure 8. Samples were 

collected at the surface, at the 3 ft, and at the 4.5-ft levels and analyzed for oil and grease 

(EPA Method 418.1) and total petroleum hydrocarbons (EPA Method 8015 Modified). The 

analytical results of the soil sampling program are provided in Appendix B, summarized in 

Table 3.1, and discussed in the following paragraphs. 

3.1 ORGANIC COMPOUNDS 

Since diesel fuel is used in the fire training sessions, the soil samples were tested for the C4 

to C9 range of hydrocarbons as well as heavier organics detectable as oil and grease. The 

C4 to C9 hydrocarbons were detected in only one of the twelve samples taken from the tank 

periphery. C4 to C9 hydrocarbons were detected at 75 ppm in the surface sample taken 

from boring RFI0701 on the north edge of the tank. Since the tank and its contents are 

heated during the training exercise, the more volatile components of the diesel fuel are the 

first to be vaporized and combusted. The TPH detection did not coincide with an area of 

visible soil staining or a high reading for oil and grease. 

Petroleum hydrocarbons as oil and grease were detected in all but two of the soil samples. 

As shown in Table 3.1, concentrations ranged from 29,000 to 44 milligrams/kilogram 

(mg/Kg), with the higher concentrations appearing in the surface samples taken from 

borings RFI0703 and RFI0704 on the south and west edges of the tank. Oil and grease 

concentrations decrease with depth in all borings, and heavy soil staining was not reported 

below a depth of 22 in. Oil and grease were detected at 2,000 and 2,800 mg/Kg in the 

samples taken from the 4.5-ft level in borings No.2 and 4 on the east and west edges of the 

tank. 

Soil staining is confined to a narrow band, roughly 5-ft wide, around the fire training tank. 

The mobility of the oil and grease is limited by the absence of infiltrating surface water, but 
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the water used to extinguish the fire during the training sessions tends to spread the organic 

material on the ground surface and carry it deeper into the soil profile. 

3.2 INORGANIC COMPOUNDS 

Since the diesel fuel used for the training exercises does not contain metals, the soil samples 

from the Fire Training Area were not screened for inorganic compounds. 

3.3 SUMMARY AND CONCLUSIONS 

The isolated 75 mg/Kg surface detection of C4 to C9 hydrocarbons indicates that benzene, 

toluene, ethylbenzene, and xylene (BTEX) are below the 500 mg/Kg BTEX action level and 

the 100 mg/Kg benzene action level set by the New Mexico Special Waste Requirements 

(NMSWR) for petroleum contaminated soils. Benzene and BTEX analysis will not be 

necessary in remediation or confirmatory sampling. 

Heavier hydrocarbons, detected as oil and grease, are above the 1000 mg/Kg total 

petroleum hydrocarbon (TPH) action level set by the NMSWR in eight of the thirteen soil 

samples. The highest detections are surface detections, but oil and grease concentrations 

above 1000 mgjKg persist to the 4.5-ft level in borings RFI0703 and RFI0704. 

The soil staining observed during sample collection correlates well with the highest 

detections of oil and grease, but staining was not reported when soil concentrations fell 

below about 10,000 mg/Kg (1 %) oil and grease. Soil staining was not observed in boring 

RFI0702 on the east edge of the tank, even though oil and grease levels were still above 

2000 mg/Kg at the 4.5-ft level. ~e extent of remediation will not be guided solely by visual 

clues. 

Since the potentiometric surface of the Solsela Aquifer is about 38- ft below grade in the 

Fire Training Area, the high soil moisture levels are the result of overspray infiltration 

during and after training sessions. The rapid decrease in oil and grease TPH with depth 

suggests that there has been no impact on the shallow ground water aquifer. 
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4.0 REMEDIAL ACTION 

Giant Refining plans to move the fire training facilities to an adjacent location so that the 

soil in the Fire Training Area can be accessed and remediated. The new location will use 

a curbed concrete working surface for spill control and general housekeeping so that area 

soils will not become contaminated by the unavoidable hydrocarbon carryover from future 

training sessions. The area will be provided with a concrete sump so that the over spray can 

be contained by the curbing, collected in the sump, and transferred to the refinery's oily 

water treatment system. 

4.1 TANK REMOVAL 

As a first step, the existing steel tank in the Fire Training Area will be moved so that the 

soil beneath can be accessed for remediation. Since the tank contains about 3 ft of water 

during the training sessions, hydrocarbon contamination is expected to be confined to soils 

along the tank edge rather than across the entire bottom area. 

4.2 LAND TREATMENT OF SOIL 

Given the shallow and localized nature of the hydrocarbon detections, Giant proposes to 

remediate the contaminated soils in place to take advantage of soil microorganisms that are 

already acclimated to the site. A circular area with a diameter of roughly 30 ft will be 

aerated to a depth of 5 ft using conventional excavating equipment. This area will include 

any soil within 10ft of the training tank footprint. Nitrogen and biological amendments will 

be tilled into the top 2ft of aerated soil to enhance natural degradation processes, and high 

soil moisture levels will be maintained by periodic sprinkling from the existing fire water 

header. 

4.3 MONITORING 
~ 
i The progress of the land treatment process will be monitored initially on a quarterly basis . 

. .. l 

A composite sample of the tilled area will be collected after each aeration sequence and 

tested for total petroleum hydrocarbons in the oil and grease range. Aeration and sampling 
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will continue until the soils meet the NMSWR remediation target of 1000 mg TPH for 

petroleum contaminated soils. 
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5.0 CLOSURE 

When the monitoring program indicates that oil and grease is at or below 1000 mg/Kg, 

Giant will notify EPA of its intent to close the Fire Training Area SWMU. Four borings 

will be augured into the remediated area to a depth of 5 ft to obtain confirmation samples 

of the remediated soil profile. The soil samples will be analyzed for oil and grease to 

confirm that hydrocarbon concentrations are below NMSWR action levels. Giant will 

document the remediation of the Fire Training Area and tabulate the results of the 

confirmatory sampling in the final closure report. 

Closure will consist of regrading the disturbed area for positive drainage, and tilling in a 

surface treatment of nitrogen and organic amendments to encourage rapid revegetation by 

indigenous species. Long term monitoring is believed unnecessary because the organic 

residues will be below action levels; they will be immobilized by the dry, fine-grained soil 

matrix; they will be isolated from ground water receptors by the low permeability clays and 

shales underlying the Fire Training Area; and they will be isolated from human and surface 

water receptors by the remediated soil layer. 
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TABLES 
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Oil & Grease 1,700 150 ND 
(mg(kg) 

Total Petroleum 75 ND ND 
Hydrocarbon 
(mg(kg) 

ND Not Detected 

TABLE 3.1 

Oil & Grease and Total Petroleum Hydrocarbon 
Concentrations in Soil 

Fire Training Area (SWMU NO. 7) 
Ciniza Refinery 

ND 2,700 2,300 2,000 27,000 

ND ND ND ND ND 

44 

ND 

ND 29,000 8,000 2,800 

ND ND ND ND 
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Ji.. SEC Donohue 
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Date Completed: 12/04/80 
Drilling Method: NA 
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Project Name: Clniza Refinery 
Giant Refining 

Project Number: J4819.0f 

WELL/BORING NO. 
OW-18 

Page 1 of 1 

Ground Elevation: 8932' TGroundwater Depth: 27.0' 

Casing Elevation: NA Toate Gauged: 12/05/80 

Geologic Description 

Soft reddish brown, silty, 
fine-grained sand, highly 
weathered. Soil derived from 
weathering of Chinle Formation. 

Sandy shale with some gravel-sized 
fragments of chert and petrifted 
wood, reddish brown, occasional thin 
interbeds of limestone and 
sandstone, soft, fresh. 

0.5 foot layer of fine grained 
calcareous brown sandstone at 49 
feet. 

Sandy shale, as above. 

Fine-grained sandstone, brown 
interbedded with occasional thin 
interbeds of noncalcareous 
mudstone, bluishgrey, hard, fresh. 
Sonsela Sandstone. 

Mudstone, interbeds present from 61 
to 64 feet. 
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DATA M!RAGEMEN'l' 

Sample Location: _......-S..:W::;w..r.OO...~..~..:a.r:.t.?_~_..J.7 ___ _ Sample DB.te: 6- 7- f Z. 

Sample Type: __ _,6'""0~1 L=---------

Team Leader: _____ br:;;;:..o...• .... s-....H...I,_,;.e .... ~-:;;;;.~....;....;o;..;....J..;;... __ ...;.... __ 

Sampli.ng Method: -..:.A...;...z:v;..;:4;.:.£=...:.1'...;;;.... _________ _ 

Sample No.(2F.fo 7D/Vo.oSample Tillle/Desc:ription: ((),' 3tJ.4-rn 
PID 

Sample No. eF.z:o?ory1,aiample TiJDe/Desc:ription: /0 : ¥~= 
~p-

Sample Ho.~:t:.o'101 v'"f..s-Sample Time/Desc.riptioa: 

/J71)t.5 r StJ1L 
II 

Sample No. ---- Sample Time/Description: _____ _.... _____ _ 

Sample No. ----

Surface Terrain: 
oz, Nv rz:: 

Sample Time/Description: ------------

General Field Observations: -------------------

. ... 
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. .. ... 
DATA MAHAGEMENT 

Sample Date: 5· 1- 1'Z-

Sample Type: ___ .S;:a;;..ao:o..,r..,b=----------

Team Leader: ---~h~··s~~~E~~~ry~d~-----------

~~~Me~od: __ ~A~U~4~~~&~---------------------

Sample No.~o?9H'%.$'Sample Time/Description: /1 ~ :>e~ t9m ttut.f r ClA t 
;PIt>-

Sample No~ ZO?P~ $'Sample Time/Description: ....t..:.lt....;.:...::;3;.::;()~/tYYI~;..:._--.:.___.:M~o~'./~I~C5:;..f::J.4;...w;-l_ 

Sample No. Sample Time/Description:------------

General Field Observations: Ot. b Scnofo;t! CAI2 D?.IDC£ ;::~11 
Ft ~ ~ 17{!.A , da/4' , S:-s:-- f z . S72"hZ nfp S" cn&J t- tAf4 .,tJ4 rtf r# 

Bori.ug Lithology: t>-l·r"1 t>l't(?K. uAt whr'?u s ~ I.J.~(j SIA'£ 
c RA:v£""' t /, >' tp 7. () I Vhf? ICfla-1: CJ..A !(/ .• ~tf2 - S:' ReD!" IC1 v a4 ~ 



DATA !WlAtm!EN'l" 

Sample Loc:atiOD: SWMI.) ~ 7 Sample Date: S" • ? - 1 Z.... 

~le Tne: --~~~O~I=L~-----------------

Sample Persom1el: _.:.:m~, ..::0~41LN.....:;;;~£;...c.(__,1 _r.f....!..· .J.:@?~lics.::~==:::::;.._· ________ _ 

Sampl.i.ng Method: --~fhi:..:::..:G::l.:~=/L------------

Sample No.£J=-..fo7o.n'X.f"Sample Time/Description: /1~' ::rr/-h1'{ Mot..sr .. folt., 

ecD- i! 
Sample No. ------ Sample Time/Description: _____ ___;. _____ _ 

Sample No. ---- Sample Ti.me/Descriptioa: ------------

Surface TerrailL: 

General Field Observations: -------------------

Boring Lithology: IJ- ::Z I 
11 P4-12-t~ bt,!~L.-eJ,e.!!;b 101 L. U 1 771 5 8/11~ 

CLkYLJ...• r?-1'' TfJ $? I<Gt> tae& If 46= t. 

- .. 
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DATA M!HAGPMEN'l' 

Sample Location: _...:S:::....li:::W~I'Yl;..u..V::.....;..~.;.....r.7 ____ _ Sample Date: $""- 1- 't "Z.. 

Sample Type: ___ .;:::5~o;.:.l..:L=----------

T~L5du: ___ ~L~ .• s~H~6~~~~~~~---~---

~le P~somuU: --~01~·~i~4a~~&~~~i~~~~·~@p~~~4£~$~·---------------

Sampling Method: __ ....;.AYc:;~.::;u;.£...:.:12.. __________ _ 

Sample No. /flg7b'lt'f.S''Sample TilDe/Description: I: z..:>,e'm 

Sample No. ---- Sample Time/Desc:rl.ption: ------------

Weather Conditions: G L oc.JL::;a'i ) C:P) w>vJ <?2.. 5jJ1r'l/ 
I 

General Field Observaticas: -------------------

Boring Lithology: 0-1' IJI.S c--oL o~£.-b ~o It- fsl'hv'Cl t.P /4 ,.e..qy~L, 
I '-/If rp 2 Z '' .$'L 1 'tltL '( .j::)J5C. o J_ ore£ IJ 5o)(. , ;.? z '' n "C' r??.(j 

C;../'91 w/J~atl£ Wlfr@ 5f'.,Cclo,N'G &r i'-f;' 1, 2. 11 Lt1'Uk 
t'JI':; DAI'L-~~ SOIL e f.o I bC.VC.k. 
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SAMPLE POINT 
SAMPLE DEPTH (feetl 

PARAHETER 

Oil & Grease 

SAHPLE POINT 
SAMPLE DEPTH !feetl 

PARAHETER 

Oil & Grease 

PHASE III, RFI 1992 
GIANT REFiNING 

CINIZA 

SOLID WASTE MANAGEHENT UNIT 17- 'Fire Tra1ning Area' 

Oil & Grease 

01 
VO.O' 

01 01 02 
V3.0' V4.5' VO.O' 

02 02 02 
V3.0' V4.5' D4.5' 

UNITS RESULT RESULT RESULT RESULT RESULT RESULT RESULT 

mg/kg 1700 150 <10 <10 2700 2300 2000 

Oil & Grease 

03 03 03 04 04 04 
VO.O' V3.0' V4.5' VO.O' V3.0' V4.5' 

UNITS RESULT RESULT RESULT RESULT RESULT RESULT 

•glkg 27000 44 <10 29000 8000 2800 



SAMPLE POINT 
SAMPLE DEPTH (feetl 

PARAMETER 

TPH 

SAMPLE POINT 
SAMPLE DEPTH (feetl 

PARAMETER 

TPH 

PHASE Ill, RFI 1992 
GIANT REFltHNG 

CINIZA 

SOLID WASTE KANAGEKENT UNIT 17- 'Fire Training Area' 

Total Petroleu• Fuel Hydrocarbons 

01 01 01 02 02 02 02 
VO.O' V3.0' V4.5' VO.O' V3.0' V4.5' 04.5' 

VNITS RESULT RESULT RESULT RESULT RESULT RESULT RESULT 

11g/kg 75 <10 <10 <10 <10 <10 <:O 

Total Petroleum Fuel Hydrocarbons 

03 03 03 0~ 04 04 
VO.O' V3.0' V4.5' VO.O' V3.0' V4.5' 

UNITS RESVLT RESULT RESVLT RESVLT RESULT RESULT 

mg/kg <10 <10 <10 <!0 <10 <10 



COMMENT11 ENCLOSURES 
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SYMBOLS 

BORING OW- f3 
SURHCE tln'Al!OII: eou HH 

TRI~SIC PEitiOO 
OliN\.£ FO~TIOII 

DESCJIIPTIOIC 

REDO I Sit 811011!1 Sll TT Fill[ SAII!lf ClAY, SOfT, HIGH!.. Y 
wtATW(.Ut) 

GAAD[S IIITM CAAY'El fRO!\ l lO • rUT 
H£T: SIIAlE, REODISII &ROlli!, Sit TY Wtnt'~QI€ 
Fl HE S-'110, SOFT. F A.E.SH 

GMDH IIITW THill liKSTOM JlrTEitB£DS Fmi!U 
TO ll fH:T 

CRAD£S REDOISH BIKMI ~ 55 rttl 

70 f[(T: SAHDSTOII[, \tilT£ TO WY, Flll£-liAAIII[IJ, 
I"T£R6[DD£D Wtni .r!XliSH 8RDWII SANDT IIJOSlt'll[, 
THtft BEDDI.D, RA.O, FRESH . . 

7' F££T: SMDSTON£. liGHT BRM, Ftll't-I:MIIIm 
11111! SOM£ P!£01114 TO COARSE GAATII:S, Sl!Qffi.l 
CAlC.I.R£01/S, Cll'1POSED or QOAATI Ill TH "1101 
lil'IESTOI!E, fWID, fRESit 

§~m~ 10' FEET 1 511Al ( , J(DOISR BI!OIIW, WilT, 111111 
OCWIOIW. llHN llfltRB[DS Of WI'051fJII[ NCO 
lii£STD"£, liARD, fRESH 

BORING C0111'lETED AT 108.0 FE£T Of( 12/10/111:1. 
~RlN6 AlLOWED TO C.I.Vl FROM 98,Z TO 104 .0 fm. 
C·IIICH PVC PIUMTER IIISTAlL£0 11111! P[RFOAATIDICS 

FliCK 78.Z TO 9R .2 f([T. 
CIAYR l'l.ACED rROK >•.o TO ,8. 2 Fttt MD 80111"' 

S£-'LED 111'111 B£KTOH1Tt AIID CMJJT TD StJRFAtt. 
GROUIIO WATER U:YEL ~£ASUII(D AT 23.2 FErT an011 

r.RDUHO OH 1/5/81. 

LOG OF BORINGS 
-----~· 



N00-1 . 

N00-3 • 

LEGEND 

SOIL BORING LOCATIOO 
AH) DENTIFlCATIOO NUMBER 

SOl.. BORING ITEMPCRARY \1\EL.L LOCATION 
AK) DENTIFICATION NUMBER 

NORTH DRAJNAGE DITCH AREA 

dfsorbo .............. __ 8501 N. MoPac Expy. 

""""""' Auttln. Tex•s78759 



o<isorbo 
Geologist 

Driller 

Drilling Rig 

Drilling Method 

Sampling Method 

Comments 

: Tracy Payne 

:Aguirre 

: CME75 
: 7.25" Hollow-Stem Auger 

: 2" Diameter Split Spoon Environmental Consulting Firm 
Western Refining SW, Inc. 

Total Depth 

Ground Water 

Start Date 

: 2' Long 

: 16' Gallup Refinery- North Drainage Ditch 
Job No. WEST15005 : 10.52' BTOC on 5-14-2015 

:5-11-2015 

"E 
a. 
.3: 
Cl 
0::: 

>. 
Cl 
0 
0 
£ 
:.J 

(f) 
(.) 
(f) 
:::J 

~ 
Q) 

8 
Q) 

a: 

Q) 

a. 
E 
ell 

(f) 

Finish Date 

Saturation 

I Saturation 

:5-11-2015 

DESCRIPTION 

-3-+--...-----. 

-2-

-1-

h-~~-~-~~ r----------------~ 
// SILTY CLAY, low, soft, damp, brown, no 

~ CL 60 odor, 

~~~-~-~~ r----------------~ 
~ CL SILTY CLAY, SIMILAR TO ABOVE (STA), firm, 
~ 80 noodor, 

~~~--+-~--- r------------------------~ 
~ CL 

70 
SILTY CLAY, STA, oo od" 

~~~/-+---+--~~ ~------------------------------~ 
~ CH 

90 
~~;~~. ~~~~,0~~ga~i~~~~~~~b~. light tan and 

~~~·~~--4--~---r-------------------------~ 
// CLAY, high, firm, damp, brown trace light tan, 

0-

1- 14.2 

2-

3- 12.2 

4-

5- 14.4 

6-

7- 9.9 

8-

9- 10.7 

WELL NO. NDD-3 
(Sheet 1 of 1) 

Elev., TOC (ft.msl) 

Elev., PAD (ft. msl) 

Elev., GL (ft. msl) 

Site Coordinates 

N : N35°29.612' 

E : W1 08°25.612' 

Completion Results 

NDD-3 

--..~-Top of Casing 2.83' Above 
Ground Level 

,...---

-1-2" Sch 40 PVC 
w/Threaded Joints 

!-Bentonite Pellets 

/ ~ CH 80 no odor, 
'/ / .· •• -10/20 Sieve Sand Filter Pack 
~~~--~--·~~ ~~~~------------------------~ 10-

11- 11.9 

~ CH 80 CLAY, STA, ~f--2" Sch 40 PVC Slotted 0.01" 
~ )D).Z SC 1------------------li...I. • ·· 1

1

•.. Screen w/Threaded Joints _g 
'? 
Cl 
0 

~ 
0 
0 
U') 

53 
w 

~ 
" c. 
E 

'" :E 
~ 
~ 
c: 

" E 

" " 0 
0 

" " E 
0 
.c: 

12-

13- 13.9 

14-

15- 13.5 

•.. 80 CLAYEY GRAVELLY SAND, fine grain sand 
~ with sandstone gravel and low plastic clay, 

firm, moist to saturated, brown, no odor, <),/1/ 
CLAYSTONE, very stiff, damp to dry, purple 
grey, no odor, 

,_,)/I CLST 50 

1111 

~~~--~--·~~ ~-~----------------------------~ 1 1 CLAYSTONE, STA, no odor. 

I/ ICLST 50 
1111 

16~-~L-~~~-~--LL-LL---------------~ 

17-

18-

19-

1··.· 

~f--2" Flush Threaded 
~ ~ Sch 40 PVC Cap 

~ 
~~--~----------------------------------------------------------------------------------------~ 
~ 

20-

u 
"' 1 0 1 0 Travis Street 
~ Houston, Texas 77002 
"' 713-955-1230 :6 
0 

DiSorbo Consulting, LLC 8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759 

512-693-4190 



HALL 
ENVIRONMENTAL 
ANALYSIS 
LABORATORY 

May 22,2015 

Cheryl Johnson 

Western Refining Southwest, Gallup 
92 Giant Crossing Road 

Gallup, NM 87301 
TEL: (505) 722-0231 

FAX (505) 722-0210 

RE: North Drainage Ditch 

Dear Cheryl Johnson: 

Hall Environmental Analysis Laboratory 

4901 Hawkins NE 
Albuquerque, NM 87109 

TEL: 505-345-3975 FAX: 505-345-4107 
Website: www.hallenvironmental.com 

OrderNo.: 1505702 

Hall Environmental Analysis Laboratory received 2 sample( s) on 5/15/2015 for the 
analyses presented in the following report. 

These were analyzed according to EPA procedures or equivalent. To access our accredited 
tests please go to www.hallenvironmental.com or the state specific web sites. In order to 
properly interpret your results it is imperative that you review this report in its entirety. 
See the sample checklist and/or the Chain of Custody for information regarding the 
sample receipt temperature and preservation. Data qualifiers or a narrative will be 
provided if the sample analysis or analytical quality control parameters require a flag. 
When necessary, data qualifers are provided on both the sample analysis report and the 
QC summary report, both sections should be reviewed. All samples are reported, as 
received, unless otherwise indicated. Lab measurement of analytes considered field 
parameters that require analysis within 15 minutes of sampling such as pH and residual 
chlorine are qualified as being analyzed outside of the recommended holding time. 

Please don't hesitate to contact HEAL for any additional information or clarifications. 

ADHS Cert #AZ0682 -- NMED-DWB Cert #NM9425 -- NMED-Micro Cert #NM0190 

Sincerely, 

Andy Freeman 

Laboratory Manager 

4901 Hawkins NE 
Albuquerque, NM 87109 



Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: NDD-3-GW 

Project: North Drainage Ditch Collection Date: 5114/2015 8:30:00 AM 

Lab ID: 1505702-001 Matrix: AQUEOUS Received Date: 5115/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 8015D: GASOLINE RANGE Analyst: cadg 

Gasoline Range Organics (GRO) 0.56 0.050 mg/L 5/20/2015 6:42:22 PM R26322 

Surr: BFB 86.6 70-130 %REG 5/20/2015 6:42:22 PM R26322 

EPA METHOD 8015D: DIESEL RANGE Analyst: KJH 

Diesel Range Organics (DRO) 1.1 1.0 mg/L 5/15/2015 8:38:14 PM 19246 

Motor Oil Range Organics (MRO) ND 5.0 mg/L 5/15/2015 8:38:14 PM 19246 

Surr: DNOP 129 76.5-150 %REG 5/15/2015 8:38:14 PM 19246 

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC 

Acenaphthene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Acenaphthylene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Aniline ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Anthracene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Azobenzene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benz(a)anthracene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzo(a)pyrene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzo(b)fluoranthene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzo(g,h,i)perylene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzo(k)fluoranthene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzoic acid ND 20 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Benzyl alcohol ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Bis(2-chloroethoxy)methane ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Bis(2-chloroethyl)ether ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Bis(2-chloroisopropyl)ether ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Bis(2-ethylhexyl)phthalate ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

4-Bromophenyl phenyl ether ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Butyl benzyl phthalate ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Carbazole ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

4-Chloro-3-methylphenol ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

4-Chloroaniline ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

2-Chloronaphthalene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

2-Chlorophenol ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

4-Chlorophenyl phenyl ether ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Chrysene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Di-n-butyl phthalate ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Di-n-octyl phthalate ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Dibenz(a,h)anthracene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Dibenzofuran ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

1 ,2-Dichlorobenzene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

1 ,3-Dichlorobenzene ND 10 J.Jg/L 5/19/2015 6:03:06 PM 19289 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: 

E 

J 

0 

Value exceeds Maximum Contaminant Level. 

Value above quantitation range 

Analyte detected below quantitation limits 

RSD is greater than RSD!imit 

R RPD outside accepted recovery limits 

S Spike Recovety outside accepted recovery limits 

B 

H 

ND 
p 

Analyte detected in the associated Method Blank 

Holding times for preparation or analysis exceeded 

Not Detected at the Reporting Limit 

Sample pH Not In Range 
Page 1 of 16 

RL Reporting Detection Limit 



Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: NDD-3-GW 

Project: North Drainage Ditch Collection Date: 5/14/2015 8:30:00 AM 

Lab ID: 1505702-001 Matrix: AQUEOUS Received Date: 5115/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC 

1 ,4-Dichlorobenzene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

3,3 · -Dichlorobenzidine NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Diethyl phthalate NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Dimethyl phthalate NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2 ,4-Dichlorophenol NO 20 IJQ/L 5/19/2015 6:03:06 PM 19289 

2,4-Dimethylphenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

4,6-Dinitro-2-methylphenol NO 20 IJQ/L 5/19/2015 6:03:06 PM 19289 

2,4-Dinitrophenol NO 20 IJQ/L 5/19/2015 6:03:06 PM 19289 

2,4-Dinitrotoluene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2,6-Dinitrotoluene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Fluoranthene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Fluorene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Hexachlorobenzene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Hexachlorobutadiene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Hexachlorocyclopentadiene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Hexachloroethane NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

lndeno(1 ,2,3-cd)pyrene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

lsophorone NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

1-Methylnaphthalene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2-Methylnaphthalene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2-Methylphenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

3+4-Methylphenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

N-Nitrosodi-n-propylamine NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

N-Nitrosodimethylamine NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

N-Nitrosodiphenylamine NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Naphthalene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2-Nitroaniline NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

3-Nitroaniline NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

4-Nitroaniline NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Nitrobenzene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2-Nitrophenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

4-Nitrophenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Pentachlorophenol NO 20 IJQ/L 5/19/2015 6:03:06 PM 19289 

Phenanthrene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Phenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Pyrene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Pyridine NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

1 ,2,4-Trichlorobenzene NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

2,4,5-Trichlorophenol NO 10 IJQ/L 5/19/2015 6:03:06 PM 19289 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank 

E Value above quantitation range H Holding times for preparation or analysis exceeded 

J Analyte detected below quantitation limits 

0 RSD is greater than RSD!imit 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 
Page 2 of 16 

R RPD outside accepted recovery limits RL Reporting Detection Limit 

S Spike Recovery outside accepted recovery limits 



Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: NDD-3-GW 

Project: North Drainage Ditch Collection Date: 5/14/2015 8:30:00 AM 

Lab ID: 1505702-001 Matrix: AQUEOUS Received Date: 5115/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 8270C: SEMIVOLATILES Analyst: JDC 

2,4,6-Trichlorophenol ND 10 J..IQ/L 5/19/2015 6:03:06 PM 19289 

Surr: 2-Fiuorophenol 67.9 14.9-111 %REC 5/19/2015 6:03:06 PM 19289 

Surr: Phenol-d5 77.2 11.3-108 %REC 5/19/2015 6:03:06 PM 19289 

Surr: 2,4,6-Tribromophenol 81.2 15.7-154 %REC 5/19/2015 6:03:06 PM 19289 

Surr: Nitrobenzene-d5 103 47.8-106 %REC 5/19/2015 6:03:06 PM 19289 

Surr: 2-Fiuorobiphenyl 105 21.3-123 %REC 5/19/2015 6:03:06 PM 19289 

Surr: 4-Terphenyl-d14 101 14.3-135 %REC 5/19/2015 6:03:06 PM 19289 

EPA METHOD 82608: VOLATILES Analyst: cadg 

Benzene 1.1 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Toluene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Ethylbenzene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Methyl tert-butyl ether (MTBE) 260 10 J..lg/L 10 5/19/2015 1 :54:07 PM R26299 

1 ,2,4-Trimethylbenzene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

1 ,3,5-Trimethylbenzene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2-Dichloroethane (EDC) 6.3 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2-Dibromoethane (EDB) ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Naphthalene ND 2.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

1-Methylnaphthalene ND 4.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

2-Methylnaphthalene ND 4.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Acetone ND 10 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Bromobenzene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Bromodichloromethane ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Bromoform ND 1.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

Bromomethane ND 3.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

2-Butanone ND 10 J..lg/L 5/19/2015 6:10:15 AM R26263 

Carbon disulfide ND 10 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Carbon Tetrachloride ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Chlorobenzene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Chloroethane ND 2.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Chloroform ND 1.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

Chloromethane ND 3.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

2-Chlorotoluene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

4-Chlorotoluene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

cis-1 ,2-DCE ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

cis-1 ,3-Dichloropropene ND 1.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2-Dibromo-3-chloropropane ND 2.0 J..IQ/L 5/19/2015 6:10:15 AM R26263 

Dibromochloromethane ND 1.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

Dibromomethane ND 1.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

1 ,2-Dichlorobenzene ND 1.0 J..lg/L 5/19/2015 6:10:15 AM R26263 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: * Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSD!imit 

R RPD outside accepted recovery limits 

s Spike Recovery outside accepted recovery limits 

B 

H 

ND 
p 

RL 

Analyte detected in the associated Method Blank 

Holding times for preparation or analysis exceeded 

Not Detected at the Reporting Limit 

Sample pH Not In Range 

Reporting Detection Limit 

Page 3 of 16 



Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: NDD-3-GW 

Project: North Drainage Ditch Collection Date: 5/14/2015 8:30:00 AM 

Lab ID: 1505702-001 Matrix: AQUEOUS Received Date: 5/15/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 82608: VOLATILES Analyst: cadg 

1 ,3-0ichlorobenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 ,4-0ichlorobenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Oichlorodifluoromethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1, 1-0ichloroethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 , 1-0ichloroethene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2-0ichloropropane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 ,3-0ichloropropane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

2,2-0ichloropropane NO 2.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1, 1-0ichloropropene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Hexachlorobutadiene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

2-Hexanone NO 10 IJQ/L 5/19/2015 6:10:15 AM R26263 

lsopropylbenzene 47 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

4-lsopropyltoluene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

4-Methyl-2-pentanone NO 10 IJQ/L 5/19/2015 6:10:15 AM R26263 

Methylene Chloride NO 3.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

n-Butylbenzene NO 3.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

n-Propylbenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

sec-Butyl benzene 9.5 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Styrene NO 1.0 IJQ/L 5/19/2015 6:10:15AM R26263 

tert -Butylbenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1,1, 1 ,2-Tetrachloroethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1,1 ,2,2-Tetrachloroethane NO 2.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Tetrachloroethene (PCE) NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

trans-1 ,2-0CE NO 1.0 IJQ/L 5/19/2015 6:10:15AM R26263 

trans-1 ,3-0ichloropropene NO 1.0 IJQ/L 5/19/2015 6:10:15AM R26263 

1 ,2,3-Trichlorobenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2,4-Trichlorobenzene NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1,1, 1-Trichloroethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1,1 ,2-Trichloroethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Trichloroethene (TCE) NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Trichlorofluoromethane NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

1 ,2,3-Trichloropropane NO 2.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Vinyl chloride NO 1.0 IJQ/L 5/19/2015 6:10:15 AM R26263 

Xylenes, Total NO 1.5 IJQ/L 5/19/2015 6:10:15 AM R26263 

Surr: 1 ,2-0ichloroethane-d4 103 70-130 %REC 5/19/2015 6:10:15 AM R26263 

Surr: 4-Bromofluorobenzene 94.8 70-130 %REC 5/19/2015 6:10:15 AM R26263 

Surr: Oibromofluoromethane 108 70-130 %REC 5/19/2015 6:10:15 AM R26263 

Surr: Toluene-dB 101 70-130 %REC 5/19/2015 6:10:15 AM R26263 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: * Value exceeds Maximum Contaminant Level. 

E 

J 

0 

Value above quantitation range 

Analyte detected below quantitation limits 

RSD is greater than RSD!imit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

B Analyte detected in the associated Method Blank 

H 

NO 
p 

Holding times for preparation or analysis exceeded 

Not Detected at the Reporting Limit 

Sample pH Not In Range 
Page 4 of 16 

RL Reporting Detection Limit 



Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: Trip Blank 

Project: North Drainage Ditch Collection Date: 

Lab ID: 1505702-002 Matrix: TRIP BLANK Received Date: 5/15/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 8015D: GASOLINE RANGE Analyst: cadg 

Gasoline Range Organics (GRO) ND 0.050 mg/L 5/20/2015 7:11 :07 PM R26322 

Surr: BFB 99.7 70-130 %REC 5/20/2015 7:11 :07 PM R26322 

EPA METHOD 82608: VOLATILES Analyst: cadg 

Benzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Toluene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Ethyl benzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Methyl tert-butyl ether (MTBE) ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,2,4-Trimethylbenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,3,5-Trimethylbenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,2-Dichloroethane (EDC) ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,2-Dibromoethane (EDB) ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Naphthalene ND 2.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1-Methylnaphthalene ND 4.0 IJg/L 5/19/2015 6:38:54 AM R26263 

2-Methylnaphthalene ND 4.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Acetone ND 10 IJg/L 5/19/2015 6:38:54 AM R26263 

Bromobenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Bromodichloromethane ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Bromoform ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Bromomethane ND 3.0 IJg/L 5/19/2015 6:38:54 AM R26263 

2-Butanone ND 10 IJg/L 5/19/2015 6:38:54 AM R26263 

Carbon disulfide ND 10 IJg/L 5/19/2015 6:38:54 AM R26263 

Carbon Tetrachloride ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Chlorobenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Chloroethane ND 2.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Chloroform ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Chloromethane ND 3.0 IJg/L 5/19/2015 6:38:54 AM R26263 

2-Chlorotoluene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

4-Chlorotoluene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

cis-1 ,2-DCE ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

cis-1 ,3-Dichloropropene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,2-Dibromo-3-chloropropane ND 2.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Dibromochloromethane ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Dibromomethane ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,2-Dichlorobenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 ,3-Dichlorobenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1 A-Dichlorobenzene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Dichlorodifluoromethane ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1, 1-Dichloroethane ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

1, 1-Dichloroethene ND 1.0 IJg/L 5/19/2015 6:38:54 AM R26263 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

Analyte detected below quantitation limits 

0 RSD is greater than RSDiimit 

R RPD outside accepted recovery limits 

s Spike Recovery outside accepted recovery limits 

B 

H 

ND 
p 

RL 

Analyte detected in the associated Method Blank 

Holding times for preparation or analysis exceeded 

Not Detected at the Reporting Limit 

Sample pH Not In Range 

Reporting Detection Limit 
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Analytical Report 

Lab Order 1505702 

Hall Environmental Analysis Laboratory, Inc. Date Reported: 5/22/2015 

CLIENT: Western Refining Southwest, Gallup Client Sample ID: Trip Blank 

Project: North Drainage Ditch Collection Date: 

Lab ID: 1505702-002 Matrix: TRIP BLANK Received Date: 5/15/2015 8:55:00 AM 

Analyses Result RL Qual Units DF Date Analyzed Batch 

EPA METHOD 82608: VOLATILES Analyst: cadg 

1 ,2-0ichloropropane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1 ,3-0ichloropropane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

2,2-0ichloropropane NO 2.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1, 1-0ichloropropene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Hexachlorobutadiene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

2-Hexanone NO 10 ~g/L 5/19/2015 6:38:54 AM R26263 

lsopropylbenzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

4-lsopropyltoluene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

4-Methyl-2-pentanone NO 10 ~g/L 5/19/2015 6:38:54 AM R26263 

Methylene Chloride NO 3.0 ~g/L 5/19/2015 6:38:54 AM R26263 

n-Butylbenzene NO 3.0 ~g/L 5/19/2015 6:38:54 AM R26263 

n-Propylbenzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

sec-Butyl benzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Styrene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

tert -Butylbenzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1,1, 1 ,2-Tetrachloroethane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1,1 ,2,2-Tetrachloroethane NO 2.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Tetrachloroethene (PCE) NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

trans-1 ,2-0CE NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

trans-1 ,3-0ichloropropene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1 ,2,3-Trichlorobenzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1 ,2,4-Trichlorobenzene NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1,1, 1-Trichloroethane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1,1 ,2-Trichloroethane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Trichloroethene (TCE) NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Trichlorofluoromethane NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

1 ,2,3-Trichloropropane NO 2.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Vinyl chloride NO 1.0 ~g/L 5/19/2015 6:38:54 AM R26263 

Xylenes, Total NO 1.5 ~g/L 5/19/2015 6:38:54 AM R26263 

Surr: 1 ,2-0ichloroethane-d4 104 70-130 %REC 5/19/2015 6:38:54 AM R26263 

Surr: 4-Bromofluorobenzene 104 70-130 %REC 5/19/2015 6:38:54 AM R26263 

Surr: Oibromofluoromethane 106 70-130 %REC 5/19/2015 6:38:54 AM R26263 

Surr: Toluene-dB 97.3 70-130 %REC 5/19/2015 6:38:54 AM R26263 

Refer to the QC Summary report and sample login checklist for flagged QC data and preservation information. 

Qualifiers: Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank 

E Value above quantitation range H Holding times for preparation or analysis exceeded 

J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit 
Page 6 of 16 

0 RSD is greater than RSD!imit p Sample pH Not In Range 

R RPO outside accepted recovery limits RL Reporting Detection Limit 

s Spike Recovery outside accepted recovery limits 



QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID MB-19246 SampType: MBLK 

Client 10: PBW Batch ID: 19246 

Prep Date: 5/15/2015 Analysis Date: 5/15/2015 

Analyte Result PQL SPK value 

Diesel Range Organics (DRO) NO 1.0 
Motor Oil Range Organics (MRO) NO 5.0 

Surr: DNOP 1.4 1.000 

Sample ID LCS-19246 SampType: LCS 

Client 10: LCSW Batch ID: 19246 

Prep Date: 5/15/2015 Analysis Date: 5/15/2015 

Analyte Result PQL SPK value 

Diesel Range Organics (DRO) 5.8 1.0 5.000 

Surr: DNOP 0.62 0.5000 

Qualifiers: 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

TestCode: EPA Method 8015D: Diesel Range 

RunNo: 26216 

Seq No: 778433 Units: mg/L 

SPK Ref Val %REC Lowlimit Highlimit %RPD 

137 76.5 150 

TestCode: EPA Method 8015D: Diesel Range 

RunNo: 26216 

Seq No: 778434 Units: mg/L 

SPK Ref Val %REC Lowlimit Highlimit %RPD 

0 117 60.1 156 

124 76.5 150 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

WO#: 

RPDLimit 

RPDLimit 

1505702 

22-May-15 

Qual 

Qual 
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QC SUMMARY REPORT 
WO#: 

Hall Environmental Analysis Laboratory, Inc. 
1505702 

22-May-15 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID 5mL rb 

Client ID: PBW 

Prep Date: 

SampType: MBLK 

Batch ID: R26263 

Analysis Date: 5/18/2015 

Analyte 

Benzene 

Toluene 

Ethylbenzene 

Methyl tert-butyl ether {MTBE) 

1 ,2,4-Trimethylbenzene 

1 ,3,5-Trimethylbenzene 

1 ,2-Dichloroethane (EDC) 

1 ,2-Dibromoethane (EDB) 

Naphthalene 

1-Methylnaphthalene 

2-Methylnaphthalene 

Acetone 

Bromobenzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

2-Butanone 

Carbon disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

2-Chlorotoluene 

4-Chlorotoluene 

cis-1,2-DCE 

cis-1 ,3-Dichloropropene 

1 ,2-Dibromo-3-chloropropane 

Dibromochloromethane 

Dibromomethane 

1 ,2-Dichlorobenzene 

1 ,3-Dichlorobenzene 

1 A-Dichlorobenzene 

Dichlorodifluoromethane 

1, 1-Dichloroethane 

1, 1-Dichloroethene 

1 ,2-Dichloropropane 

1 ,3-Dichloropropane 

2,2-Dichloropropane 

Qualifiers: 

Result PQL 

ND 1.0 
ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 2.0 

ND 4.0 

ND 4.0 

ND 10 

ND 1.0 

ND 1.0 

ND 1.0 

ND 3.0 

ND 10 

ND 10 

ND 1.0 

ND 1.0 

ND 2.0 

ND 1.0 

ND 3.0 

ND 1.0 
ND 1.0 

ND 1.0 

ND 1.0 

ND 2.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 1.0 

ND 2.0 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSD!imit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

SPK value 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26263 

SeqNo: 779854 Units: IJg/L 

SPK Ref Val %REC Lowlimit High Limit %RPD RPDLimit Qual 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

NO Not Detected at the Reporting Limit Page 8 of 16 
P Sample pH Not In Range 

RL Reporting Detection Limit 



QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Sample ID 5mL rb 

Client ID: P8W 

Prep Date: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

SampType: M8LK 

Batch ID: R26263 

Analysis Date: 5/18/2015 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26263 

SeqNo: 779854 Units: IJQ/L 

WO#: 1505702 

22-May-15 

Analyte Result PQL SPK value SPK Ref Val %REG Lowlimit High limit %RPD RPDLimit Qual 

1,1-Dichloropropene 

Hexachlorobutadiene 

2-Hexanone 

lsopropylbenzene 

4-lsopropyltoluene 

4-Methyl-2-pentanone 

Methylene Chloride 

n-Butylbenzene 

n-Propylbenzene 

sec-Butylbenzene 

Styrene 

tert-Butylbenzene 

1,1,1,2-Tetrachloroethane 

1,1,2,2-Tetrachloroethane 

Tetrachloroethene (PCE) 

trans-1,2-DCE 

trans-1,3-Dichloropropene 

1,2,3-Trichlorobenzene 

1,2,4-Trichlorobenzene 

1,1,1-Trichloroethane 

1,1,2-Trichloroethane 

Trichloroethene (TCE) 

Trichlorofluoromethane 

1,2,3-Trichloropropane 

Vinyl chloride 

Xylenes, Total 

Surr: 1,2-Dichloroethane-d4 

Surr: 4-Bromofluorobenzene 

Surr: Dibromofluoromethane 

Surr: Toluene-dB 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
9.8 

10 

11 

10 

1.0 

1.0 

10 
1.0 

1.0 

10 

3.0 
3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.5 

SampType: LCS 

10.00 
10.00 
10.00 
10.00 

98.3 

102 
106 
104 

70 
70 
70 
70 

130 
130 
130 
130 

Sample ID 100ng lcs 

Client ID: LCSW 

Prep Date: 

Batch ID: R26263 

Analysis Date: 5/18/2015 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26263 

SeqNo: 779856 Units: IJQ/L 

Analyte 

Benzene 

Toluene 

Chlorobenzene 

Qualifiers: 

Result 

20 

20 

20 

PQL 

1.0 

1.0 
1.0 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovety limits 

S Spike Recovery outside accepted recovery limits 

SPK value SPK Ref Val 

20.00 0 
20.00 0 
20.00 0 

%REG 

102 
101 
101 

Lowlimit 

70 
70 
70 

Highlimit 

130 
130 
130 

%RPD 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

RPDLimit Qual 
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QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID 100nglcs SampType: LCS 

Client ID: LCSW Batch ID: R26263 

Prep Date: Analysis Date: 5/18/2015 

Analyte Result PQL SPK value 

1, 1-Dichloroethene 24 1.0 20.00 

Trichloroethane (TCE) 19 1.0 20.00 

Surr: 1 ,2-Dichloroethane-d4 10 10.00 

Surr: 4-Bromofluorobenzene 10 10.00 

Surr: Dibromofluoromethane 10 10.00 

Surr: Toluene-dB 9.8 10.00 

Sample ID 5mL rb SampType: M8LK 

Client ID: P8W Batch ID: R26299 

Prep Date: Analysis Date: 5/19/2015 

Analyte Result PQL SPK value 

Methyl tert-butyl ether (MTBE) NO 1.0 

Surr: 1,2-Dichloroethane-d4 10 10.00 

Surr: 4-Bromofluorobenzene 10 10.00 

Surr: Dibromofluoromethane 10 10.00 

Surr: Toluene-dB 10 10.00 

Sample ID 100ng lcs SampType: LCS 

Client ID: LCSW Batch ID: R26299 

Prep Date: Analysis Date: 5/19/2015 

Analyte Result PQL SPK value 

Surr: 1 ,2-0Jchloroethane-d4 10 10.00 

Surr: 4-Bromofluorobenzene 10 10.00 

Surr: Dibromofluoromethane 10 10.00 

Surr: Toluene-dB 10 10.00 

Sample ID 5mL rb SampType: M8LK 

Client ID: P8W Batch ID: R26322 

Prep Date: Analysis Date: 5/20/2015 

Analyte Result PQL SPK value 

Surr: 1 ,2-Dichloroethane-d4 11 10.00 

Surr: 4-Bromofluorobenzene 12 10.00 

Surr: Dibromofluoromethane 11 10.00 

Surr: Toluene-dB 9.4 10.00 

Qualifiers: 

* Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26263 

Seq No: 779856 Units: IJQ/L 

SPK Ref Val %REG Lowlimit Highlimit %RPD 

0 118 75.6 144 

0 95.4 70 130 

104 70 130 

100 70 130 

103 70 130 

98.0 70 130 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26299 

Seq No: 781268 Units: IJg/L 

SPK Ref Val %REG Lowlimit Highlimit %RPD 

102 70 130 

104 70 130 

102 70 130 

102 70 130 

TestCode: EPA Method 82608: VOLATILES 

Run No: 26299 

Seq No: 781270 Units: %REC 

SPK Ref Val %REG Lowlimit High limit %RPD 

102 70 130 

99.7 70 130 

101 70 130 

99.6 70 130 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26322 

Seq No: 782101 Units: %REC 

SPK Ref Val %REG Lowlimit High limit %RPD 

107 70 130 

116 70 130 

107 70 130 

93.8 70 130 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

NO Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

WO#: 

RPDLimit 

RPDLimit 

RPDLimit 

RPDLimit 

1505702 

22-May-15 

Qual 

Qual 

Qual 

Qual 
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QC SUMMARY REPORT 
WO#: 

Hall Environmental Analysis Laboratory, Inc. 
1505702 

22-May-15 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID 100ng lcs 

Client ID: LCSW 

Prep Date: 

SampType: LCS 

Batch ID: R26322 

Analysis Date: 5/20/2015 

Ana lyle 

Surr: 1 ,2-Dichloroethane-d4 

Surr: 4-Bromofluorobenzene 

Surr: Dibromofluoromethane 

Surr: Toluene-dB 

Qualifiers: 

Result PQL 

10 

9.9 

9.8 

10 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

SPK value 

10.00 
10.00 

10.00 

10.00 

TestCode: EPA Method 82608: VOLATILES 

RunNo: 26322 

SeqNo: 782103 Units: %REC 

SPK Ref Val o/oREC Lowlimit Highlimit o/oRPD RPDLimit Qual 

102 
98.7 

98.1 

101 

70 
70 

70 
70 

130 
130 

130 
130 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

Page II of I6 



QC SUMMARY REPORT 
WO#: 

Hall Environmental Analysis Laboratory, Inc. 
1505702 

22-May-15 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID mb-19289 

Client 10: PBW 

Prep Date: 5/19/2015 

SampType: MBLK 

Batch ID: 19289 

Analysis Date: 5/19/2015 

Analyte 

Acenaphthene 

Acenaphthylene 

Aniline 

Anthracene 

Azobenzene 

Benz(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fiuoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fiuoranthene 

Benzoic acid 

Benzyl alcohol 

Bis(2-chloroethoxy)methane 

Bis(2-chloroethyl)ether 

Bis(2-chloroisopropyl)ether 

Bis(2-ethylhexyl)phthalate 

4-Bromophenyl phenyl ether 

Butyl benzyl phthalate 

Carbazole 

4-Chloro-3-methylphenol 

4-Chloroaniline 

2-Chloronaphthalene 

2-Chlorophenol 

4-Chlorophenyl phenyl ether 

Chrysene 

Di-n-butyl phthalate 

Di-n-octyl phthalate 

Dibenz(a,h)anthracene 

Dibenzofuran 

1 ,2-Dichlorobenzene 

1 ,3-Dichlorobenzene 

1 A-Dichlorobenzene 

3,3 · -Dichlorobenzidine 

Diethyl phthalate 

Dimethyl phthalate 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

4,6-Dinitro-2-methylphenol 

2,4-Dinitrophenol 

Qualifiers: 

Result POL 

NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 20 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 10 
NO 20 
NO 10 
NO 20 
NO 20 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSD!imit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

SPK value 

TestCode: EPA Method 8270C: Semivolatiles 

RunNo: 26300 

SeqNo: 781333 Units: IJQ/L 

SPK Ref Val %REC Lowlimit High limit %RPD RPDLimit Qual 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit Page 12 of 16 
P Sample pH Not In Range 

RL Reporting Detection Limit 



QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID mb-19289 SampType: MBLK 

Batch ID: 19289 

Analysis Date: 5/19/2015 

Client ID: PBW 

Prep Date: 5/19/2015 

TestCode: EPA Method 8270C: Semivolatiles 

RunNo: 26300 

SeqNo: 781333 Units: iJQ/L 

WO#: 1505702 

22-May-15 

Analyte Result PQL SPK value SPK Ref Val %REG Lowlimit Highlimit %RPD RPDLimit Qual 
2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

lndeno(1 ,2,3-cd)pyrene 

lsophorone 

1-Methylnaphthalene 

2-Methylnaphthalene 

2-Methylphenol 

3+4-Methylphenol 

N-Nitrosodi-n-propylamine 

N-Nitrosodimethylamine 

N-Nitrosodiphenylamine 

Naphthalene 

2-Nitroaniline 

3-Nitroaniline 

4-Nitroaniline 

Nitrobenzene 

2-Nitrophenol 

4-Nitrophenol 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

Pyridine 

1 ,2,4-Trichlorobenzene 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

Surr: 2-Fiuorophenol 

Surr: Phenol-d5 

Surr: 2,4,6-Tribromophenol 

Surr: Nitrobenzene-d5 

Surr: 2-Fiuorobiphenyl 

Surr: 4-Terphenyl-d 14 

Qualifiers: 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

150 
160 

160 

76 

78 

110 

Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovery limits 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 

10 
10 

10 
10 

10 
10 

10 

S Spike Recovery outside accepted recovery limits 

200.0 

200.0 

200.0 

100.0 

100.0 

100.0 

76.8 

80.8 

80.2 

76.1 
78.4 

105 

14.9 

11.3 

15.7 
47.8 

21.3 

14.3 

111 

108 

154 

106 

123 

135 

B Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

Page 13 of 16 



QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

Sample ID lcs-19289 

Client ID: LCSW 

Prep Date: 5/19/2015 

SampType: LCS 

Batch ID: 19289 

Analysis Date: 5/19/2015 

TestCode: EPA Method 8270C: Semivolatiles 

RunNo: 26300 

Analyte 

Acenaphthene 

4-Chloro-3-methylphenol 

2-Chlorophenol 

1 A-Dichlorobenzene 

2,4-Dinitrotoluene 

N-N itrosod i-n-propyl amine 

4-Nitrophenol 

Pentachlorophenol 

Phenol 

Pyrene 

1 ,2,4-T richlorobenzene 

Surr: 2-Fiuorophenol 

Surr: Phenol-d5 

Surr: 2,4,6-Tribromophenol 

Surr: Nitrobenzene-d5 

Surr: 2-Fiuorobiphenyl 

Surr: 4-Terphenyl-d 14 

Result 

76 

160 

140 
73 

70 

80 
140 

120 

160 

74 

81 

150 

170 

170 

82 

86 
79 

POL 

10 

10 

10 

10 

10 

10 

10 

20 

10 

10 

10 

SampType: MS 

SPK value SPK Ref Val 

100.0 0 

200.0 0 

200.0 0 

100.0 
100.0 

100.0 

200.0 

200.0 

200.0 

100.0 

100.0 

200.0 
200.0 

200.0 

100.0 

100.0 

100.0 

0 

0 

0 

0 

0 

0 

0 

0 

SeqNo: 781334 

%REC 

75.9 

79.9 

70.4 

72.6 

69.6 

80.1 

71.9 

61.8 

77.8 

73.9 

80.7 

74.2 

83.5 
86.1 

81.8 

86.4 
78.7 

Lowlimit 

47.8 

58.1 

49.5 

40.4 
38.6 

53.9 

26.4 
36.5 

29.3 

45.7 

39.3 

14.9 

11.3 

15.7 

47.8 

21.3 

14.3 

Units: 119/L 

HighLimit 

99.7 
103 

96.8 
89.4 

91.3 

95.6 

108 

86.6 

108 

100 

94.5 

111 

108 
154 

106 

123 
135 

%RPD 

Sample ID 1505702-001 Oms 

Client ID: NDD-3-GW 

Prep Date: 5/19/2015 

Batch ID: 19289 

Analysis Date: 5/19/2015 

TestCode: EPA Method 8270C: Semivolatiles 

RunNo: 26300 

SeqNo: 781339 Units: 119/L 

Highlimit Analyte 

Acenaphthene 

4-Chloro-3-methylphenol 

2-Chlorophenol 

1 A-Dichlorobenzene 

2,4-Dinitrotoluene 

N-Nitrosodi-n-propylamine 

4-Nitrophenol 

Pentachlorophenol 

Phenol 

Pyrene 

1 ,2,4-Trichlorobenzene 

Surr: 2-Fiuorophenol 

Surr: Phenol-d5 

Surr: 2,4,6-Tribromophenol 

Surr: Nitrobenzene-d5 

Surr: 2-Fiuorobiphenyl 

Qualifiers: 

Result 

80 
170 

170 

81 

70 

89 
130 

150 

140 

79 

90 

160 

150 

190 

92 

94 

POL 

10 

10 

10 

10 

10 

10 

10 

20 

10 
10 

10 

* Value exceeds Maximum Contaminant Level. 

E Value above quantitation range 

J Analyte detected below quantitation limits 

0 RSD is greater than RSDlimit 

R RPD outside accepted recovery limits 

S Spike Recovery outside accepted recovery limits 

SPK value SPK Ref Val 

100.0 0 

200.0 0 

200.0 

100.0 

100.0 

100.0 

200.0 

200.0 

200.0 
100.0 

100.0 

200.0 

200.0 

200.0 

100.0 

100.0 

0 

0 

0 

0 

0 
4.440 

0 
0 

0 

%REC 

80.4 

85.8 

83.5 

80.8 

70.5 

89.4 

62.8 

73.9 

68.1 
79.4 

90.3 

80.0 

73.7 

96.1 

92.3 

93.6 

Lowlimit 

46.4 

45.3 
28.7 

42.6 

28.9 

49.2 
18.1 

24.8 

17.9 
29.6 

39.5 

14.9 

11.3 

15.7 

47.8 

21.3 

121 

135 

129 

104 

126 

117 

97.2 

127 

93.6 
142 

109 

111 

108 

154 

106 

123 

%RPD 

8 Analyte detected in the associated Method Blank 

H Holding times for preparation or analysis exceeded 

ND Not Detected at the Reporting Limit 

P Sample pH Not In Range 

RL Reporting Detection Limit 

WO#: 

RPDLimit 

RPDLimit 

1505702 

22-May-15 

Qual 

Qual 

Page 14 of 16 



QC SUMMARY REPORT 
WO#: 1505702 

Hall Environmental Analysis Laboratory, Inc. 22-May-15 

Client: Western Refining Southwest, Gallup 

Project: North Drainage Ditch 

Sample ID 1505702-001 Oms SampType: MS TestCode: EPA Method 8270C: Semivolatiles 

Client ID: NDD-3-GW Batch ID: 19289 RunNo: 26300 

Prep Date: 5/19/2015 Analysis Date: 5/19/2015 Seq No: 781339 Units: !Jg/L 

Analyte Result PQL SPK value SPK Ref Val %REC Lowlimit Highlimit %RPD RPDLimit Qual 

Surr: 4-Terphenyl-d 14 89 100.0 89.2 14.3 135 

Sample ID 1505702-001 Dmsd SampType: MSD TestCode: EPA Method 8270C: Semivolatiles 

Client ID: NDD-3-GW Batch ID: 19289 RunNo: 26300 

Prep Date: 5/19/2015 Analysis Date: 5/19/2015 Seq No: 781340 Units: !Jg/L 

Analyte Result PQL SPK value SPK Ref Val %REC Lowlimit High limit %RPD RPDLimit Qual 

Acenaphthene 89 10 100.0 0 88.6 46.4 121 9.73 31.3 

4-Chloro-3-methylphenol 180 10 200.0 0 88.9 45.3 135 3.54 29 

2-Chlorophenol 180 10 200.0 0 90.5 28.7 129 8.09 28.4 

1 A-Dichlorobenzene 92 10 100.0 0 91.9 42.6 104 12.8 28.2 

2,4-Dinitrotoluene 72 10 100.0 0 71.5 28.9 126 1.49 22.9 

N-Nitrosodi-n-propylamine 99 10 100.0 0 99.5 49.2 117 10.7 28.8 

4-Nitrophenol 130 10 200.0 0 63.3 18.1 97.2 0.714 41.5 

Pentachlorophenol 170 20 200.0 4.440 83.1 24.8 127 11.4 45.1 

Phenol 130 10 200.0 0 66.3 17.9 93.6 2.80 33.9 

Pyrene 88 10 100.0 0 88.5 29.6 142 10.8 33.6 

1,2,4-T richlorobenzene 96 10 100.0 0 95.8 39.5 109 5.95 28.2 

Surr: 2-Fiuorophenol 160 200.0 78.3 14.9 111 0 0 

Surr: Phenol-d5 140 200.0 71.3 11.3 108 0 0 

Surr: 2,4,6-Tribromophenol 200 200.0 99.2 15.7 154 0 0 

Surr: Nitrobenzene-d5 95 100.0 95.1 47.8 106 0 0 

Surr: 2-Fiuorobiphenyl 99 100.0 99.4 21.3 123 0 0 

Surr: 4-Terphenyl-d 14 89 100.0 89.2 14.3 135 0 0 

Qualifiers: 

* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank 

E Value above quantitation range H Holding times for preparation or analysis exceeded 

J Analyte detected below quantitation limits ND Not Detected at the Reporting Limit Page 15 of 16 
0 RSD is greater than RSD!imit P Sample pH Not In Range 

R RPD outside accepted recovery limits RL Reporting Detection Limit 

S Spike Recovery outside accepted recovery limits 



QC SUMMARY REPORT 
Hall Environmental Analysis Laboratory, Inc. 

Client: 

Project: 

Sample ID 5ml rb 

Client ID: PBW 

Prep Date: 

Western Refining Southwest, Gallup 

North Drainage Ditch 

SampType: MBLK 

Batch ID: R26322 

Analysis Date: 5/20/2015 

TestCode: EPA Method 80150: Gasoline Range 

RunNo: 26322 

SeqNo: 782177 Units: mg/L 

WO#: 1505702 

22-May-15 

Analyte Result PQL SPK value SPK Ref Val %REC Lowlimit High limit %RPD RPDLimit Qual 

Gasoline Range Organics (GRO) 

Surr: BFB 

Sample ID 2.5ug gro lcs 

Client ID: LCSW 

Prep Date: 

ND 

10 

0.050 

SampType: LCS 

10.00 

Batch ID: R26322 

Analysis Date: 5/20/2015 

102 70 130 

TestCode: EPA Method 80150: Gasoline Range 

RunNo: 26322 

SeqNo: 782181 

Analyte Result PQL SPK value SPK Ref Val %REC Lowlimit 

Units: mg/L 

Highlimit %RPD 

Gasoline Range Orgamcs (GRO) 

Surr: BFB 

0.46 

9.8 

0.050 0.5000 0 91.6 

97.7 

80.6 

70 
122 

130 10.00 

Qualifiers: 

Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank 

E Value above quantitation range H Holding times for preparation or analysis exceeded 

J Analyte detected below quantitation limits NO Not Detected at the Reporting Limit 

0 RSD is greater than RSD!imit P Sample pH Not In Range 

R RPD outside accepted recovery limits RL Reporting Detection Limit 

S Spike Recovery outside accepted recovery limits 

RPDLimit Qual 

Page 16 of16 



Hall Environmental Analysis Laboratory 

4901 Hawkins NE 

:-:

HALL 
ENVIRONMENTAL 
ANALYSIS 
LABORATORY 

Albuquerque, NM 87109 Sample Log-In Check List 
TEL: 505-345-3975 FAX: 505-345-4107 

Website: www.hallenvironmental.com 

Client Name: Western Refining Gallup Work Order Number: 1505702 

Received by/date: ~ ~t.,/,~ 
Logged By: l..indsay Jln,gin 

Completed By: l..indsay Mangin 

5/15/2015 8:55:00 AM 

5/1512015 9:45:48 AM 

Reviewed By: cJ7/!7/!5 
Chain of Custodv 

1. Custody seals intact on sample bottles? 

2. Is Chain of Custody complete? 

3. How was the sample delivered? 

4. Was an attempt made to cool the samples? 

5. Were all samples received at a temperature of >0" C to a.o·c 

6. Sample(s) in proper container(s)? 

7. Sufficient sample volume for indicated test(s)? 

8. Are samples (except VOA and ONG) properly preserved,? 

9. Was preservative added to bottles? 

1 0. VOA vials have zero headspace? 

11. Were any sample containers received broken? 

12. Does paperwork match bottle labels? 
(Note discrepancies on chain of custody) 

13. Are matrices correctly identified on Chain of Custody? 

14.1s it clear what analyses were requested? 

15. Were all holding times able to be met? 
(If no, notify customer for authorization.) 

Special Handling (if applicable} 

16. Was client notified of all discrepancies with this order? 

Person Notifted: Date: I 

Yes 0 
Yes ltrl 

Yes ~ 

Yes ltrl 

Yes ~ 

Yes ~ 

Yes ltrl 
Yes 0 

Yes ~ 

Yes 0 

Yes ~ 

Yes ~ 
Yes ~ 

Yes ltrl 

Yes 0 

No D 
No D 

No 0 

NoD 

NoD 

NoD 

NoD 

No lftl 

No D 
No lifl 

No 0 

NoD 

NoD 

NoD 

NoD 

RcptNo: 1 

Not Present ~ 

Not Present 0 

NA D 

NA D 

NA D 

No VOA Vials 0 

# of preserved 
bottles checked 
for pH: 

(<2 or >12 unless noted) 

Adjusted? 

Checked by: 

By Whom: Via: D eMail D Phone D Fax D In Person 

Regarding: 

Client Instructions: 

17. Additional remarks: fb~-tV"d o..ff -(¥ ~l)I5"1>¥2-0- a111al~sb ~-- 0- '- -~ l vrf, tt "2Sl> r)11 ·1\w. 

C. s o=>{ ts/t S' 

Page I of I 



HALL ENVIRONMENTAL 
ANALYSIS LABORATORY 

www.hallenvironmental.com 

4901 Hawkins NE - Albuquerque, NM 87109 
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COMMENT14ENCLOSURES 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SHEET OF 7 PRECISION ENGINEERING, INC. File No. 94-114 

Boring Location LOG OF TEST BORINGS Location CINIZA REFINERY 

I I s I Elevation EXIS'riNG 

I s I A I 
Boring Number: RFI 0513 p I c I M I Water Level NOT ENCOUNT. Date: 07£28/94 

L I A I p I 

I I 0 I L I L I MATERIAL CHARACTERISTICS I I I I 
ILAB I I DEPTH 8LOWS/N I T I E I E I (MOISTURE,CONDITION,COLOR,GRAINSIZE,ETC.J I !M I LL I PI I CLASS. 

I I 0.5 it•to•tl I c I~· SANDY, GRAVELLY, DRY, LOOSE, BROWN I I 
I I lt•to•tl I c I I I 
I I lt•to•tl I c I I I 
I I 2.0 lt•to•tl I c I I I 
I I I•O**O•J.l..:.ll c I!!!!!!· GRAVELLY(PINE), DRY TO DAMP, LOOSE, RED I I 
I I 2.8 I•O••o•l I c I BROWN' MISC. BLACK DEBRIS AS WOOD PIECES I I 
I I 1•1**1•1 I c I SARD, CLAYEY' SOME MEDIUM GRAVEL, FILL, HOIST, I I 
I I 1•1**1•1 I c IRED BROWN, BUR!IED wooD AND GLAss DEBRIS, 4•-5•1 I 

I I 1•1**1•1 I c I APPEARS BURNED PROM 5 TO 6. 1' I I 
I I l•t••t•l_i_l c 1 I I 

I I l•/u/•l I c I I I 
I I 6.1 1•1**1•1 I c I I I 

I I lt-11-tl I c lcu.Y, SILTY, WET, FIRM, RED BROWN, OCCASIONAL I I 
I I lt-11-tl I c lsANDY sEAMS 4" TBICK(DRY) I I 
I I 11-tt-t~ c 1 I I 
I I 11-11-tl I c I I I 
I I 11-11-lj I c I I I 

I I 11-11-11 I c I I I 
I I 11-11-11 I c I I I 
I I lt-11-11!2-l c 1 I I 

I I 11-11-11 I c I I I 
I I lt-11-11 I c I I I 

I I II-II-II I c I I I 

I I· I 11-/1-11 I c I I I 
I I 12.8 I lt-U-11 I c I I I 
I I 13.1 I 1•£••1•1 I c I SARD, SILTY' MOIST' DENSE' MULTICOLORED' LAMINATED I I 
I I I I•O**O•I I c ISAIID, GRAVELLY, MOIST, DENSE I I 
I I I J•o**o•l I c I I I 
I I I I•O••o•l I c I I I 
I I I l·o··o·l12-1 c 1 I I 
I I 15.4 I 1•0••0•1 I c I I I 
I I I lt-11-11 I c I~· SILTY, WET, STIFF, RED, SAND SEAM AT 16• I 
I I I lt-11-11 I c lAND 18' I 
I I I 11-11-11 I c I I 
I I I lt-11-11 I c I I 
I I I lt-11-11 I c I I 
I I I 11-11-11 I c I I 
I I I lt-11-11 I c I I 
I I I 11-11-11 I c I I 
I I 20.0 I jl-11-llzo I c jGRAVELLY AT 20• I 
I I TOTAL DEPTH I I I I I I 
I, I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

jsize & Type of Boring: 4-1/4" ID Hollow Stemmed Auger Logged By: WBK 



I 
I SHEET 2 OF 7 PRECISION ENGINEERING, INC. File No. 9~-114 

Boring Location LOG OF TEST BORINGS Location CINIZA REFINERY 

I I I s I Elevation EXISTING 

I s I A I 
Boring Numberr RFI 0514 p I c I K I Water Level NOT ENCOUNT. Date: 07/28£94 

I L I A I p I 
I I 0 I L I L I MATERIAL CHARACTERISTICS I I I 
jLAB t I DEPTH BLOWS/N I T I E I I! I 'HOISTURB,CONDITION,COLOR,GRAINSIZE,ETC.I \K I LL I PI I CLASS. 

I I I 111•1111 I c ~~. SILTY, SLIGRTY SANDY, HOIST, SOFT TO I I 
I I j//•///j I c IFIRK, BROWN I I 
I I jtl•/111 I c I I I 

I I Itt•! III I c I I l 

I I I 2.5 l11•11tl2.5l c 1 I I 
I I It•! I•! I I c I~· SANDY, SCATTERED FINE GRAVEL, FILL, I I I 
I I 11•11•11 I c IHOIST, BROWN, TRASH DEBRIS, PVC, RUBBER WASHER! I I 

I 
I I It• II•! I I c lwooD, soME KETAL/ALUMINUM coATED WITH ASBEsTOsj 1. I 
I I It• II•! I I c I I I I 
I I lt•tt·t~ c 1 I I I 
I I 11•11•11 I c I I I I 

I I I jl•!/•11 I c I I I I 
I I 6.4 11•11•11 I c I I I I 

I .11-•1-•l I c IC:LAY, SILTY, SANDY, HOIST, STIFF, RED BROWN I I I 
I lt-•t-·~ c 1 I I I 

I I lt-•1-•l I c I I I I 
I lt-•1-•l I c I I I I 
I lt-•1-•l I c I I I I 

I 
I lt-•1-•l I c I I I I 
I lt-•t-•.L!LL c 1 I I I 
I ,,_.,_., I c I I I I 
I 11-•1-•l I c I I I I 

I I lt-•1-•l I c I I I I 
I 11-•1-•l I c I I I I 
I 11-•1-•l I c I I I I 

I 
I !t-•1-•l I c 11" SAND SEAMS FROM 12.4' TO 13.4• I I I 
I 13.4 11-•1-•l I c I I I I 
I , .......... , .I c ISliRD, FINE TO MEDIUM, LAMINATED, HOIST, DENSE, I I I 
I 1······1 I c I BROWN TO MULTI COLORED I I I 

I 
I 1!.8 1······115 I c I I I I 
I l•o•,.o•l I c ~~. GRAVELLY, HOIST, DENS!!, KIJLTI COLORED I I I 
I 15.8 l•ouo•j I c IGRAVEL, BROWN MATRIX, YELLOW SI!AH AT 15.1• I I I 
I 111-1111 I c 1~. SLIGHTLY SILTY, WET, STIFF, RED I I l 

I I 111-1111 I c I I I I 
I Itt-/Ill I c I I I I 
I Itt-/Ill I c I I I I 

I 
I Itt-/Ill I c I I I I 
I ltl-1111 I c I I I I 
I ltl-1111 I c I I I I 
I itt-tttl£Q_L c I I I I 

I I Itt-/Ill l I I I I 
I ltt-1111 I I I I I 
I 21.5 I ltt-11£1 I l I I I 
I TOTAL DEPTH I I I I I I I I 

I I I I I I I I I I 

lsize & Type of Boring: 4-1/4" ID Hollow Stemmed Auger Logged By: W1!K 

I 
I 



I 
I SHEET 3 OF 7 PRECISION ENGINEERING, INC. File No. 94-114 

Boring Location LOG OF TEST BORINGS Location CINIZA REFINERY 

I I I s I Elevation EXISTING 

I s I A I 
Boring Number: RFI 0515 p I c I H I Water Level NOT ENCOUNT. Date: 07/lB/94 

I L I A I p I 
l l 0 I L I L l MATERIAL CHARACTERISTICS I I l l I 
jLAB f I DEPTB BLOWS/N I T IE IE I (MOISTURE,CONDITION,COLOR,GRAINSIZE,ETC.I I 'M I LL I PI I CLASS •. I 

I I I 11-IO-Ij I c I~· &ILTY, SCATTERED GRAVEL, MOIST, BARD, I I I l I 
I I 11-11-ll I c jBROIIN I I I I I 
I I 1.8 11-I0-11 I c I I I I I I 
I . I 2.1 1······1 I c JSARD, MEDIUM .. HOIST TO DAMP, DENSE, RED BROliN I I I I I 

I I I ll-•1-·ll.:.ll c I~· SILTY, SANDY, OCCASIONAL GRAVEL, HOIST, I I I I I 
I I 11-•1-•l I c I BARD, BROWN I I I I I 
1 I jl-•1:-•1 I c I I I I I I 

I 
I I lt-•1-•l I c I I I I I I 
I I jl-•1-•l I c I I I I I I 
I I 11-•t-·UJ. c 1 I I I I I 
I I 5.3 11-•1-•l I c I I ·I I I I 

I I I 6.2 ·It-/I-ll I c ICIAY, SILTY, WET, YELLOW STAIN, REO BROliN I I I I I 
I I 6.5 1•-1•-11 I c ISARD, SILTY, CLAYEY,SOFT;BLAC!I:, GRADES TO CLAYI I I I I 
I I IIIII III I c ICIAY, WET.,. SOFT, REO BROliN, SOME BLACJI: I I I I I 
I I JIII/II~ C IKOTTLING I I I I I 

I I I jll/1111 I c I I I I I I 
I I 111111/l I c I I I I I I 
I I IIIII IIl I c I I. I I I I 

I 
I I 11111111 I c I I I I I I 
I I 1111111 .lJ.Ll c 1 I I I I I 

I I 10.4 llUWI I c I I I I I I 
I I 10.6 IFGFGFGI I c I FIJIERGLilSS I:RSULAXIOR I I I I I 

I I I ll•/1•11 I c ICIAY, SANDY, HOIST TO WET, SOFT, RED BROliN, I I I I I 
I I ll•/1•11 I c JGRADES SANDIER I I I I I 
I I 11•11*11 I c I I I I I I 

I I Jt•ll•l I I c I I I I I I 

I I I l!•/1•11 I c I I I I I I 
I I 11•11•11 I c I I I I I I 
I I ll•/1•11 I c I l I I I I 
I I 

/ INI•I.L!U c I I I I I I 

I I I 11*11•11 I c I I I I I I 
I I 15.8 lt•ll•l I I c I I I I I I 

I I 11-•1-•l I c I~. SILTY, SANDY, WET, SOFT, RED BROWN I I I I I 

I I I 17.1 ll-·l-·1 I c I I I I I I 

I I 11-11•11 I c I~· SLIGHTLY SILTY, SLIGHTLY SANDY, WETi I I I I I 

I I II-II• II I c lsTIFF TO BARD, RED BROWN I I I I I 

I 
I I 1 1-ll•tl I c I I I I I I 

I I II-II•! I I c I I I I I I 
I I I 1-11•1 I I c I I I I I I 
I I 20.0 I lt-ll•ll20 I c lONE J• ROCJI: AT 19.7• I I I I I 

I I ITOTAL DEPTH I I I I I I I I I I 
I I I I I I I I I I I I 
!' I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I I 

Jsize & Type of Boring: 4-1/4" ID Hollow Stemmed Auger Logged By: WHK 

I 
I 



I 
I SHEET ~ OF 7 PRECISION ENGINEERING, INC. File No. 9~-11~ 

Boring Loeation LOG OF TES~ BORINGS Location CINIZA REFINERY 

I I I s I 
I s I A I 

Elevation EXISTING 

Boring Number: RFI 0516 p I c I M I Water Level NOT ENCOUNT. Date: 07/28/'J~ 

I L I A I p I 

I I I 0 I L I L I MATERIAL CHARACTERISTICS I I I I I 
jLAB I I DEPTH I BLOWS/N I T I E I E I {MOISTURE,CONDI~ION,COLOR,GRAINSIZE,ETC.l I \M I LL I PI I CLASS. I 

I I I I j/-/1-/j I c I!:!:!!· SILTY, SOME CARBONATE NODULES, DAMP TO I I I 
I· I I 11-1+-11 I c MOIST, BARD, BROWN, GRADES SANDIER I I I 
I I I 11-11-11 I c I I I 
I I I 11-1+-11 I c I I 

I I I I 11-11-1 .1hl.l. c I I 
I I I lt-11-11 jc I I 
I I I 11-1+-11 jc I I 

I 
I I I (1;-11-11 I c I I 
I I I 11-1+-11 I c I I 
I I I ii-11-IL.Ll c I I 
I I I 11-11-11 I c I I 

I I I l 11-1+-11 I c I I 
I I I it-11-lj I c I I 
I I I . 11-1+-11 I c I I 

I 
I I I it-11-!.lz.:..ll c I I 
I I I lt-11-11 I c I I I 
I I I 11-1+-11 I c I I I 
I I 9.0· I jl-ll-11 I c I I I 

I 
I I I l•o••o•l I c I~· MULTICOLORED FINE GRAVEL, DRY TO DAMP, I I 
I . I 10.2 I l•o••O•IIO I c jDENSE I I 
I I 111-1111 I c I~· SLIGBTLY SANDY, SOME CARBONATE NODULES, I I 
I I jll-1+11 I c lsoME SAND PAR~INGS, MoisT, HARD, BRoWN, I I 

I I I III-II 'I I c I I I 
I I 111-///j I c I I I 
I l jll-1+11 I c I I I 

I 
I I j//-/1/j I c I I 
I I 111-1+11 lc I I 
I I j//-1//j I c I I 
I I 111-1111 lc I I 

I I I Jll-l+ll!.U. c I I 
I I j//-1//j I c I 
I I 111-1+11 I c I 
I I I 11-tll I I c I 

I I I j/1-///j I c I 
I I jll-1+11 I c I 
I I 111-1111 I c I 

I 
I I 111-1+11 I c I 
I I jlt-1111 I c I 
I I j//-/1/j I c I 
I I 20.0 I 111-t1112o 1 c 1 I 

I I I TOTAL DEPTH I I I I I I 
I. I I I I I I I 
I I I I I I I I 
I I I I I I I I 

I I I I I I I I I 

jsize ' Type of Boring: ~-1/~· ID Hollow Stemmed Auger Loqqed By: WIIK 

il 
il 



-·---·-·-·------·-----

I 
I, I SHEET 5 OF 7 PRECISION ENGINEERING, INC. File No. 94-114 

! Boring Location LOG OF TEST BORINGS Location CINitA REFINERY 

'I I I s I Elevation EXISTING 

I s I A I 
Boring Humbert RFI 0517 p I c I H I Water Level N~ ENCOONT. Date: 07/2.B£H 

I L I A I p I 

I I I 0 I L I L I MATERIAL CIIARACTERISTICS I I I I I 
(LAB I I DEPTH I BLOWS/N I T I E I E I {KOISTURE,CONDITIOH,COLOR,GRAINSIZE,ETC.I I \M I LL I PI I CLASS. I 

I 
I I IMI•II I c I~· SANI>Y, SCAT'l'ERED CARBONATE NODULES, I I I I 
I I II•+!• II I c (ocCASINAL PINE GRAVEL, olUIP, BROWN I I I I 
I I 1 '*' t•tl I c I I I I I 
I I 11*11•1! I c 1 I I I I 

I I I lt•+t•t~ c I I I I I 
I 2.75 I 11•11•11 I c I I I ! I 
I I II•!+•! I I c I~· SANDY, BLOCKY STRUCTURE, CARBONATE I I I I 

I 
I I 11•11•11 I c INODULES, HOIST, HARD, RED BRONN, GRADES SANDY I I I I 
I I II•!+•! I I c I I I I I 
I 4.7 I 1'*''"'1 5 1 c 1 I I I I 
I I I••O•••I I c I~· FINE, SLIGHTLY GRAVELLY, DR.Y, LOOSE, I I I I 

I 
I I '.l••o•••l I c ILIGHT BROWN I I I I 

I I l••o•••J I c I I I I I 
I 6.8 I l••o•••l I c I I I I I 

I I .1111 +lll.z.:.ll c I~. SCA~ CARBONATE NODULES I MASSIVE I I I· I I 

I I I 111111/l I c lro HOIST, HARD, oAJUt RED BROWN I I I I 
I I 1111+111 I c I I I I I 
I I 11111111 I c I I I I I 
I 9.5 I IIU+lll I c I I I I I 

I I I j•/u/•l.!B.J. C ~~~ FINE, CLAYEY, SLABBY(POKER CBIP) 1 tiOIST I I I I 
I I ,., .. ,., I c I "l.'O DAHP I DEliSE RED BR.OIIll I I I I 

I I l•/ut•l I c I I I I I 

I I I l•/u/•l I c I I I I I 
I 12.2 I 1•1 .. 1•1 I c l l l I I 

I I I . 11•11•11 . I c l~· SANDY, MOIST, BAR.D, RED BROWN I I I I 
I I I 11•11•11 I c I I I I I 

I I I I 11•11•11 I c I I I I I 

I I 13.9 I J!•ll•ll . I c I I I I I 
I I I 1······1 I c I!!!!!!· FINE, DRY, DEifSB, LIGHT BROWN I I I I 

I 
I I I l····*"l.!ti c I I I I I 
I I I 1···-···1 I c I I I I I 
I I I , ............ 1 I c I I I I I 
I I I 1······1 I c I I I I I 

I I I I 1······1 I c I I I I I 
I I I 1······1 I c I I I I I 

I I n.s I 1······1 I c l I I I I 
I I I 11-11-lj I c ICLII.Y, SILTY, IIASSIVE, HOIST, HARD, RED BROWN I I I I 

I I I I lt-11-11 I c I I I I I 

I I I jl-11-11 I c I I I I I 
I I 20.0 I lt-11-112o 1 c 1 I I I I 

I 
I I TOTAL DEPTH I I I I I I I I I 
I. I I I I I I I I I I 

I I I I l I I I I I I 
I I I I l I I I I I I 

I I I I I I I I I I I I 

jsize 6 Type of Boring: 4-1/4" ID Bellow Stemmed Auger Loggod By: WBJ: 

I I 
.I 
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SHEET 6 OP-..!.7 __ 

Boring Location ------

Boring Number:_,RP:..I:....=;05::;,:1c:..8 ---

I I I 
!LAB t I DEP'l'll I BLOWS/N 

I I 
I I 
I I 
I I 
I 2.5 I 
I I 
I I 
I I 
I I 
I 5.o I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 9. 7 I 
I I 
I I 
I I 
I I 
I I 
I I 
I l 
I I 
I I 
I I 
I. I 
I I 
I I 
I I 
1 11.o 1 

I I· 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
1 1 21.5 1 
I I TOTAL DEP'n! I 
I I I 

PRECISION ENGINEERING, INC. 

LOG OP TEST BORINGS 

I I s I 
I s I A I 

Pile No • ...:9....:..4--:1.:..;14::..__ __ _ 

Location CINIZA REFINERY 

Elevation.__,EX~I"'-'ST~IN~G-· __ 

P I C I M I Water Level NOT JniCOUNT. Date,_0::...:.7.....:/2:.::..9/c.:;.9..:...4 __ 

L I A I p 1-------------------------
0 I L I L I MATERIAL CHARACTERISTICS I I I I 

I T I E I E I !MOISTURE,CONDITION,COLOR,GRAINSIZE,ETC.I I '" I LL I PI I cLASs: 
11-1/•11 I C l£!:!!r SILTY, SANDY, MOIST, SOFT, BROWN I 
11-11•11 I c I I 
11-ll•tl I c I I 
lt-1/•tl 1 c 1 1 
!1-ll•tl2·51 c 1 1 
11-11-ll I c I~· SILTY, SCATTERED PINE GRAVEL, OCCASIONAL! 

11-/0-/j I c !CARBONATE NODULES, MOIST STIPP BROWN I 
!t-11-tl 1 c I I 
l!-lo-tl I c I I 
lt-11-tl s 1 c 1 1 
11-1+-11 I c ICLAY, SILTY, CARBONATE NODULES, BLOCKY I 
11-1+-11 I c jSTRUCTURl!(<1 CK), SOME SAND PARTINGS, MOIST, I 
11-1+-ll I c !BARD I 
lt-t+-tl 1 c 1 I 
lt-t+-l.ll.:.tl c 1 1 
11-t+-11 I c I I 
11-1+-11 I c I I 
11•1+•11 I c jGRADEs SANDIER AT a.s• 1 
l!•t+•tl I c I I 
l•••/••l.!£...l c ,~. SLIGHTLY CLAYEY, GRADATIONAL CONTACTS, I 

1•••/••1 I c IMOIST, LOOSE TO MODERATELY DENSE, BROWN I 
l•••t**l I c I I 
l***'**i I c I I 
1···1**1 I c I I 
1•**'**1 I c I I 
1•••1••1 I c I I 
1***'**1 I c I I 
1•••1••1 I c I I 
l···t··l I c I I 
l··•t··l.!.LJ. c I I 
I •••/••1 I c jKoRE CLAYEY AT 15' 1 
1***'**1 I c I I 
1***'**1 I c I I 
1 ... , .. 1 I c I I 
!t•IIOI! I c ICLAY, SANDY, SCATTERED PINE GRAVEL, WET, SOPT I 
l!•llot! I c jro FIRM, RED BROWN 1 
lt•llotl 1 c 1 1 
l!•lloll I c I I 
lt•llotl I c I I 
l!•ttot~ c 1 I 
lt•llotl I c I I 
J!·llotl 1 c 1 I 
11*11011 I c I I 
I I I I. I 
I I I I I 

Logged By: !liiX 



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

I 
I SHEET 7 OP 7 PRECISION ENGINEERING, INC. Pile No. 94-114 

I' I Boring Location LOG OP TEST BORINGS Location CINIZA REFINERY 

II I I s I Elevation EXISTING 

I s I A I 
Boring Number: RPI 0519 p I c I M I Water Level NOT ENCOUNT. Date: 07/29/94 

L I A I p I 

I I I 0 I L I L I MAXERIAL CHARACTERISTICS I I I I I 
(LAB f DEPTH I BLOWS/N I T I E I E I (MOISTURB,CONDITION,COLOR,GRAINSIZB,ETC.I I \M I LL I PI I CLASs: I 
I I It•! I-ll I c I~· SANDY, OCCASIONAL l'INE GRAVEl., ROOT I I I 

I I I j/•/0•/l I c (DEBRIS, MOIST TO WET, SOFT, BROWN I I I 

~I I I 11•11•1( I c I I I I 
I I (!•lo•l( I c 1 I I I 

I I I !t•tt·t~ c 1 I I I 

II I I lt•/0•/j I c I I I I 
I 3.7 I 11•11*11 I c I I I I 
I I (1•11•11 I c I~· SANDY, ROOT, PLANT, ' WOOD DEBRIS, WET, I I I 
I I (1•11•1( I c jVERY SOFT, BROWN I I I 

I I I lt•tt•tl-l-1 c 1 I I I 
I I (I•! I•! I I c I I I I 
I 6.1 I ll•ll•ll I c I I I I 

I 
I I (*1**1*1 I c I!!!!!· CLAYEY, WATER BEARING, VERY LOOSE, BROWN( I I 
I I ,., .. ;.1 I c I I I I 
I I (*I**I*.Lz...tl c I I I I 
I I (•1**1•1 I c I I I I 

I I I 1•1**1•1 I c I I I I 
I 9.2 I l•l••l•l I c I I I I 
I I (!IIIII( I c IS!:!!· SBALEY, BLOCltY, MOIST NOT WATER BEARING, I I I 
I I 111//1/l.!U C jBARD, PURPLI! BROWN, SOHB GREY CLAY MOTTLING I I I 

I I I (11//11( I c I I I 
I I 1111111( I c I I I I. l (!IIIII( l C (FRIABLE AT 11' I l 

I 
l l (111111( I c I I 
I I Itt/Ill( I c I I 
I I jll//11( I c I I 
I I (II IIIII I c I I 

I I I ltl/111( I c I I 
I I 111/1111 jc I I· 
I I (111/llll.LL c I I 
I I (111111( jc I I 

I I I IIIII/II I c I I 
I I (111111( I c I I 
I I 11111111 I c I I 

I 
I I (IIIII! I I c I I 
I I (IIIII/I I c I I 
I I 1111111( I c I I 
I I ltl/1111 I c I I 

I I I (!IIIII( I c I I 
I 20.0 I (ll/ll£120 I c I I I 
I I TOTAL DEPTH I I I I I I I 
I I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I lsi:e & Type of. Boring: 4-1/4" ID Hollow Stemmed Auger Logged By: WRl\ 

I 
I 



o'isorbo 
Geologist 
Driller 

: Tracy Payne 
:Aguirre 
: CME75 

WELL NO. NDD-2 
(Sheet 1 of 1) 

Environmental consulting Firm 
Western Refining SW, Inc. 

Gallup Refinery- North Drainage Ditch 
Job No. WEST15005 

Drilling Rig 
Drilling Method 
Sampling Method 
Comments 
Total Depth 
Ground Water 
Start Date 

: 7.25" Hollow-Stem Auger 
: 2" Diameter Split Spoon 
: 2' Long 

:Not Encountered 
: 20' 

Elev., TOC (ft.msl) 
Elev., PAD (ft. msl) 
Elev., GL (ft. msl) 
Site Coordinates 

E' 
c. 
.e: 
0 
a: 

(/) 
() 
(/) 
::J 

~ 
~ 

~ 
Q) 
> 
0 
(.) 
Q) 

a: 

Q) 

a. 
E 
co 
(/) 

Finish Date 

Saturation 

1 Saturation 

:5-11-2015 
:5-11-2015 

DESCRIPTION 

N 
E 

-2 -+-----r---, 

-1-

0-

1- 9.7 

2-

3- 14.4 

4-

5- 17.1 

~~~----+-----1.-- ~~~---------------------------4 V/ CL SIL TV CLAY, low, soft to very stiff, damp to 
~ 50 dry, reddish brown, no odor, 

h~~~/~--~~---~~ ~------------------------------~ 
50 

SILTY CLAY, SIMILAR TO ABOVE (STA), 
very stiff, no odor, ~ CL 

~~~----+----4~ ~------------------------------~ 
~~~~~ 
~~~~ CLST 
~ ~ 

50 

CLAYSTONE, low, very stiff, dry, reddish 
purple, no odor, trace grey, 

6- ~~~----+----4~ ~------------------------------~ 
1

Y
1

Y CLAYSTONE, STA, purple, no odor, very 

7- 18.0 
jo'" jo'" dense, 
~~~ ~~ CLST 50 

~ ~ 
8- ~~~--~~--~~ ~------------------------------~ 

~~~~ CLAYSTONE, STA, no odor, 

9- 14.8 50 

10-

~~~~ CLST 

~~~~ 
~~q---~~---~~ ~------------------------------~ 

CLAYSTONE, STA, purple and grey, no odor, 

11- 16.3 J,)lyY CLST 
yyyy 50 

_g y y 
~ 12- 1-17'f-17'1+----+-·---l f-- 1---------------------------------l 
~ yy yy CLAYSTONE, STA, no odor, 

~ 13- 13.5 yyyy CLST 
~ yyyy 
~ 14- ~~~----r---~f-- 1---------------------------------l 
w y y CLAYSTONE, STA, no odor, 
~ y y 
~ 15- 12.2 Y yy y CLST 
~ y y 

50 

50 

:f!! 16-
u 

~ yllyll 
~ 17- 12.4 Yllllll CLST 
a; II II 
§ 18- ~~~----~--~~--- ~----~~--~-------------------4 8 11 11 11 11 CLAYSTONE, STA, no odor. 

~ 19- 10.8 II II II II CLST 
] 11111111 

~~Y-----1--·--~f-- ~----~~--~-------------------4 CLAYSTONE, STA, no odor, 

50 

50 

: N35°29.469' 
: W108°25.724' 

Completion Results 

~ 20-r----~~~~L---~-----U--~------------------------------~ 
~r---~-------------------------------------------------------------------------------------------4 
~ 1010 Travis Street DiSorbo Consulting, LLC 
~ Houston, Texas 77002 
"' 713-955-1230 
<b 
0 

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759 

51 2-693-4190 
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SWMU No. 9 Drainage Ditch Area 
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DISCHARGE PLAN APPLICATION FOR 
GIANT REFINING COMPANY 

CINIZA REFINERY 
GALLUP, NEW MEXICO 

November 21, 1985 

Prepared for: 

Giant Industries, Inc. 
7227 North 16th Street 

Phoenix, Arizona 85020 

Prepared by: 

Geoscience Consultants, Ltd. 
500 Copper Avenue, N.W .. Suite 325 

Albuquerque, New Mexico 87102 
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nature, treatment, storage and disposal of these wastes is contained in 
the Part B documents, which are on file with NMEID and USEPA Region VI. 

6.1 WASTEWATER PATHS AND DISPOSITION 
Giant diverts its wastewater into different evaporation ponds, depend
ing on the waste source. Figure 6-1 shows the locations and configur
ations of these ponds. Figure 6-1 also includes the flow paths connect
ing the ponds, by which wastewater is moved to and among the ponds. 
Table 6-1 is a water balance for the ponds. 

As described in Section 5.0, there are many discrete and chemically 
distinct waste streams generated by the refinery. Some of these streams 
are comingled, either in the drains, sewers and ditches, in the API 
separator, and in the ponds. Tables 5-2 and 5-3 present analyses of the 
effluents, sewage-lagoon waters and samples of pond waters. 
The main division of waste streams is based on the distinction between 
contact and non-contact waste streams. Contact waste streams are those 
which· involve water contact with .product, wastes and/or feedstocks. 
These waste streams typically contain some hydrocarbons as a free phase. 
Streams containing (or 1 i kely to contain} free hydrocarbons are routed 
through the API separator. Following oil-water separation these wastes 
flow into Pond 1, where some additional separation of oil and water may 
occur. An underdrain allows the aqueous phase to flow into Pond 2. Pond 
2 discharges through a weir, from which the flow is normally diverted to 
Ponds 12, 11, 7 and 8 (Figure 6-1}. 

Non-contact wastewater normally passes through the neutra 1 i zat ion 
where contact with limestone chips neutralizes any residual acids. 
the tank the wastewater flows into Pond 3 via a short conveyence 

tank, 
From 

ditch 
which feeds a buried pipeline. Wastewater then may pass into Ponds 4, 5, 
6A and 6B. If these ponds approach their capacity (defined by the 
minimum of 2 feet of freeboard} the wastewater may be diverted by 
underground pipes to Pond 9, or to Ponds 7 and 8. 

49 



-------------------
FIGURE 6-1 

WASTEWATER DIS POSITION IN 
EVAPORATION PONDS 

~ 
~ 
~ 
II 

API WASTEWATER 

NEUTRALIZED WASTEWATER 

STORMWATER 

NEUTRALIZED WASTEWATER 
AND STORMWATER 

API WASTEWATER AND STORHWATER 

API 

50 

NEUTRALIZATION 
TANK 

OIL 
SKIMMER 



COMMENT 25 ENCLOSURES 



I 
Jl 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

..... 
-.:t 

j:Lj 

~ 
~ 
C,!) 
H 
~ .,;;;;;; 

.. i5i!DJ • 

.. .. . 
~ 

0 

• 
I 

"@ 
I 

8 

• a • 
I 

"' 

-! . 

...... 
:~:~~FI 

__ ._l :::::!:: 

1 ----•&. 
H!~! "' • .; .- ..... ~ 

i 

4.19 



-------------------
® 24 

0214V e 

0215A o 

~; . 

FIGURE 4.3 

0205A 

1..----:..:-,::---(e 0 20 9 V .U...!H .. H.Q. 

61ANT REFINERY 
611lup, llcw 1-\ .. l,o 

------~--------

• ~oil llo<I"'J I..DcaiiOII& 



Location of SWMU No. 13 
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DATA MANAGmmNT 

Sample Location: .5' (/(1m (.) :#-; J Sample Date: S' -?-?I 

Sample Type: .S 01 L 

Team Leader: b. . .;s !/G. L wd 
Sample Personnel: ---"'X..........loo4:~-:0:::.....:S...::5:..,1-~m.!..L.I.. . ..f::O::....:....:A:.:.:-te:::.!!V~£~'1'---....,,,_. _T.L....l.r-'G~O:.::L.::::.t:r......:::'Z..=-------

Sampling Method: -----'B........,.U"'"'4..,......£.12..=.==-------------

Sample No. 1~01 y Z., 0 Sample Time/Description: mor $1" c.LA-Y 

Sample No. 1 '30 1 'J 3,) Sample Time/Description: 

Sample No. ___ _ Sample Time/Description:------:---------

Sample No. ___ _ Sample Time/Description: -------------

Sample No. ---- Sample Time/Description: -------------

i3AR£ 
Surface Terrain: <OP£11.)) Cdl<J!IN~ 

Weather Condi ti.ons: ---le.~· l--=:::O~u~.DIW...JY,_,--~.b~IL:.~..Y-+=1 S:....~ .S~w~..~~Wc:....Lt.:.:llluJ>Io!.--Lt~D _-.L.J:r:!..-.<tn~e;.JH~----

General Field Observations: D£.1 rZ: ,C.~m /'4;V.A S l'te-4 V 5 fSJ.. ows 
oNro S4-«zeLtN'C t4.4M t!KK'A.>iOtr!/1-a_y. 

Boring Lithology: fl Ll,. 

WArell @. ~ ,s:' . 

" ·.· 

: .. -. '·.:; 

4.109 
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DATA MANAGEMENT 

Sample Location: Swt"Yl tJ #!:J Sample Date: 5--9- 7/ 

Sample Type: SO/ L (_t wt+r££.) 

Sample Personnel: _:f~· ...loGo:~-1 .:.O..::;..SJII!.5___,,-...t.01.L.U'...J(l~A:.:..IL~t\l~£::...'f~-.--+;-h~' ....:Ci~O..::[,;...:I....:Z...=-----

Sampling Method:· _ __..:.A..~..·~u-==t;~G..=-.:....f2..;::.__ ________ _ 

Sample No. t'3 02 V z.. OSample Time/Description: I I; f~ 1tYY1 
PIP-if 

Sample No. /3 oz. V 3. l"Sample Time/Description: 

Sample No. iSDZ/E. z. 0 Sample Time/Description: ---~.1....:2.=-"'~' </.!...;)~-....:r'~?1.~--___ ~W.;..I+~1E.=£:::.. 

Sample No.---- Sample Time/Description: -------------

Sample No. ---- Sample Time/Description: -------------

Weather Conditions: CL-OuD V. DILV. /0 -tS:mati _sw lduvD 
I I I -

General Field Observations: J?tetrr ~~01 P~AI-b SPR...llr(.£ !$Low 
r.2 N .s I re. 0 c.L- A> O{)N &L--~ t(. 

Boring Lithology: _...r:.t<~G.::::::""""';..~;::b:::..-.....~C....;:J;::.b:LflL-4-f-.Lf....!..!Zo=......!..I'11.;.J._--=:?.~v:::..!R..~,C....:A=c£.=--"-ffl~--='S~-..::!s-_1 ~. _ 

1. , 1 n 
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DATA MANAGl'lmNT 

Sample Location: ~-uJ m u <#:-I 3 · Sample Date:· ) - 7- 11 

Sample Type: ____ s~aul....l:L~--------

Team Leader: --..It:.'=~· .::::S...~..HuE......=:::l-.t..TO~AI::...,_ ____ _ 

Sample Personnel: _ ___.;iT~ . .!:::!6-~o~· S::.....:::.S+1 ---JyYt~ ..... -!l:(J!.!.A..!!./2-.=..:..!N::..:£:........:...{--1~..,-:~-...~.6~0-=[.;::::!..J"~Z-=----

Sampling Method: __ _,.fn/.~;..w:?f:w£-:::;;.(L_:..=..---------

Sample No. /Jo3 '1/Z.O Sample Time/Description: 

Sampl~ No. I '3o J V '3. 5' Sample Time/Description: fYJ()/..57'" C.L,qy 

Sample No. __ _ Sample Time/Description: -------------

Sample No. __ _ Sample Time/Description: -------------

Sample No. ---- Sample Time/Description: -------------

Surface Terrain: --------------------------

Weather Conditions: CL o u o '{ . l> IZ. i . )' r.J w 1 /IF D 2tJ - '2~ /1'11' I/ 
I ' 

General Field Observations: 71/te.!o/£1) e~,v~ ..rt>I<A'I.S ()PF- n J> £Cf?G:As.£ 
c..J-f.-41./"c-E o~ CO c/rA-m 1 A/ ,4-n o,./. 

/, . , , ,, 



I 
II DATA MAHAGmmNT 

:I Sample Location: _.:.:$-JW=-:..;I'Yl-:....:U~*___:I:..:J::...------ Sample Date: {':- ? - 1 I 

Sample Type: ___ s""-=o....~.l..::'-=----------

I T~~d&: ----~L~·~S~H~e~~~7P~~~---------

I 
Sample Personnel: __ -.:J..T....:-w4""'-l<O~S::.:54,~YY'J!.....l-,c....:ll~t4~12.::..::..::M~!&-.....:(_.~,'--·.:...r.....:.·-!..:iC."7"-.=::0.;:::C...::..::T....:Z..==-. ___ _ 

I ( 

I 
Samp~gMe~od: __ -....~.Ahl~~w~6.~~~--------------------

I Sample No. £101YZ. o Sample Time/Description: ~'-~I.L.I.~:o:O"--J.P.~<nfi-----~..:~f?.....,f-Do::::::.....:L:.:l:..:.4~Y 
ft!J - a 

I' 

-I Sample No. 1 '3o '('{ 1 <C Sample Time/Description: --=.3...._,'_:Z;.;:r'"":.......ce:.a'at!:l-------.!ll~£1:::::i0o:::D:.__.::C.;.::LA~i 

;I Sample No. I '?o'ID 3. r Sample Time/Description: 

I Sample No. ------ Sample Time/Description:-------------

I 
Sample No. ---- Sample Time/Description: -------------

il 
Surface Terrain: _..!:oBu;A;:...JtL=£~.!:Gl..!rZ.o~..!::cJ..::tJ;:..,:;..P _________________ _ 

I 
Weather Conditions: C..L£Ate.. r.::uZ{ I .Sw tdtl'i6 '2-D- zs- r"'J(Jii 

I I 

I General Field Observations: ---------------------

I 
I 
I 

~ I 
I .. 

: ~. 

I 
I. 1 1 "' 


