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Corrective Action Work Plan
RCRA Facility Investigation Phase III lo-1- ]78?
Release Characterization, Ground Water
NWSC Crane Ammunition Burning Ground, SWMU #03/10

1. Task A: RFI Phase III Work Plan.

a. RFI Phase III Project Management Plan

The Waterways Experiment Station (USAEWES) will perform a Modified RCRA Facility
Investigation (RFI) Phase III Release Characterization for Ground Water at SWMU
03/10 for the Naval Weapons Support Center (NWSC) Crane, Indiana at the
Ammunition Burning Ground Solid Waste Management Unit (SWMU), also known as
Corrective Action Plan (CAP) Site Number 03/10 (Figure 1). This document
outlines the objectives of the RFI, discusses the technical approach, quality
assurance/quality control measures, and personnel to be used in the RFI, and
provides a schedule of work to be performed.

Objective. The objective of the Modified Phase III work is to
determine the rate and extent of migration of hazardous waste or hazardous
constituents in the ground water. The hydrogeology of the ABG was established in
the previously submitted report, Geology and Hydrogeology of the Ammunition
Burning Grounds Crane Naval Weapons Support Center, Richard W. Hunt, USAE
Waterways Experiment Station, Vicksburg, MS, October 1988. A dye tracer test was
performed in the ABG study area in January of 1990 to determine flow paths and
rate of migration of ground water. A draft technical report was prepared and
submitted to EPA. Phase III work will further define ground-water flow patterns,
determine rate of flow and ground-water quality, and establish guidelines for
long-term monitoring.

Technical Approach. Ground water monitoring wells have beéen installed,
exploratory borings emplaced, and other subsurface investigations conducted to
characterize ground water flow and the extent of contamination. A second dye
trace was conducted in August of 1990 as proposed earlier. Procedural details
are presented in section 1l.b. of this document. If pumping tests are needed to
determine aquifer parameters, pumping wells and observation wells will be
installed. Other options to be considered for determining aquifer parameters
include falling head (slug) tests or dye tracer tests. At such time pumping or
other tests are deemed necessary, the work plan will be revised and submitted to
the EPA for approval.

-/

Quantitative chemical analysis of ground water from existing and
proposed monitoring wells and springs are being conducted for specific compounds.
Statistical analysis and evalnation of ground-water data from ABG monitoring
wells is being conducted for NWSC Crane under contract. The contractor will
prepare a report summarizing the extent of suggested ground-water contamination
and the wells affected. Summaries will be prepared for data from the last nine
sampling quarters and from data gathered in 1981 and 1987. Geologic and ground
water profiles and maps showing the orientation of the subsurface geologic units
and piezometric surface contour maps were presented in the previously submitted
hydrogeology report.
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Personnel. Modified Phase III ground-water work will be conducted by
WES and NorthDiv personnel and NWSC contractors. All personnel working at the
SWMU will be trained in personal protection and safety and will have had a
comprehensive physical examination within the 12 months preceding their
involvement in the field work (see Health and Safety Plan, Part f.)

Schedule. The Regional Administrator has provided comments to the
Permittee as to the corrections or modifications needed for the RFI Phase IIIl
Work Plan. The Work Plan will be initiated within 45 days after it it has been
approved. The results of Phase III ground water work will determine whether
Corrective Measures are necessary. The schedule for accomplishing the Modified
RFI Phase III Release Characterization for Ground Water is presented as a time-
line (Figure 2).

b. RFI Phase III Sampling and Analysis Plan

(1) Sampling Objectives. Sampling of the water in monitoring wells has been
designed to determine the presence or absence of specified compounds in the
ground water of aquifers underlying and adjacent to the ABG area. Monitoring
wells were placed and screened to sample water in discrete ground water zones
that are isolated from other ground water zones. Screens were placed in the
uppermost zone encountered and in subsequent zones (using cluster wells) down to
the lowermost aquifer determined to be susceptible to water migrating downward
from the surface. The lowermost aquifer at the ABG is the Beaver Bend limestone.
the uppermost is the Golconda-Haney limestone. The Big Clifty-Beech Creek
formation, positioned between the upper and lower aqu1fers, is the aquifer of
greatest concern for the ABG investigation.

(a). Dye trace of Beech Creek limestone. The Beech Creek limestone
carries most of the flow in the Big Clifty/Beech Creek aquifer. A dye trace of
the Beech Creek aquifer, confined to NWSC Crane boundaries, was performed in
January, 1990 by WES and NorthDiv and a Draft Technical Report on its findings
submitted to EPA on 29 Jun, 1990. The dye trace identified specific on-post
springs as being most likely to serve as outlets to migratory ground water and
any associated contaminants leaving the ABG. A proposal for a second dye trace
to encompass off-post sampling points in addition to the on-post points was also
submitted to EPA on 29 Jun. The second dye trace injection took place 7 August,
1990. Sampling is continuing for the second dye trace.

The area of the proposed second dye trace was expanded to include off-post
monitoring points and additional on-post wells. Figure 3 is a topographic map
showing the expanded study area (Williams and Indian Springs USGS 7-1/2 minute
quadrangles). Springs A through F were monitored in the first dye-trace. The
second dye trace included field-mapped springs off-post north and west of the
heavy dashed line that roughly follows the axis of the floodplain of Big sulphur
Creek. Off-post springs are labeled SP1-90 through SP15-90. Springs SP13-90
through SP15-90 are in the Beaver Bend limestone and were to be monitored to
confirm that no karstic hydraulic connection exests between the Beech Creek and
Beaver Bend aquifers. Springs SP13-90 through SP15-90 could not be located
during the second dye trace because of heavy vegetation and lack of visible signs
of flow. The were presumed dry and were not monitored. Springs SP1-90 through
SP12-90 issue from the Beech Creek. Dye tracing in those springs will better
define the extent of potential migration of contaminants off-post and help
establish guidelines for long term water quality sampling. Monitoring stations
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at several locations within Little Sulphur Creek will determine the extent of
surface runoff migration and identify ground-water reentry points to the stream
system from springs. Dye injection was in well 03C3P2 at the ABG (for location
see Figure 5 of this work plan.

(b) Ground-water quality sampling. Eight ground-water monitoring
wells were constructed at the ABG and first sampled in the last quarter of 1981.
Additional wells have been added at later dates. Constituents originally sampled
for were those listed in 40 CFR 265.92. Sampling for explosives began in March
1983, which was the start of the second year of sampling. After sampling results
indicated possible ground-water contamination, a more comprehensive ground-water
testing program was instituted and additional constituents were tested for. The
40 CFR 261 Appendix VIII parameters were sampled for in 1986. Based on those
results, sampling of the wells began in 1987 for 1,1,1-trichloroethane,
trichloroethylene, D-N-butyl phthalate, and bis(2-ethylhexyl) phthalate, Appendix
III drinking water standards, explosives RDX, HMX and TNT, and volatile organics.
Sampling has continued on a quarterly basis to the present. Wells 03C34 through
03C38 were installed in 1989. The first sampling round on the 1989 wells sampled
for metals in addition to the Appendix VIII, Appendix III and volatile organics.
The seven Beech Creek limestone springs mapped within NWSC boundaries are also
being sampled and tested. Results of the statistical analysis of previous and
ongoing ground-water quality sampling will guide long term monitoring in and
around the ABG regarding selection of wells and parameters to be monitored.

(2) Sampling equipment and containers. Ground-water sampling equipment and
containers are discussed in the QA/QC section of this work plan. Sampling
equipment used in the dye trace consists of activated coconut charcoal contained
in screen wire packets for adsorbing dye which has been injected into the ground
water, glass jars used for eluting the dye out of the charcoal, and canning jars
used to store duplicates of collected charcoal samples. Water-soluble dyes
prepared in the laboratory prior to injection are stored for a short time (one to
several hours) in plastic or glass containers. Charcoal packets are stored in a
cooler after collection to be transported to the field laboratory for analysis.

(3) Analytical parameters and test methods. Analytical methods in general
are described in the QA/QC section. Sampling will continue at all RCRA wells
(wells 03-C01 through 03-C38) for explosives compounds, Appendix III ground water
quality parameters, the four Appendix VIII compounds listed in section b.(1)(b)
above, and volatile organics. Table 1 lists the compounds currently being
analyzed for at the ABG. Results of the statistical analysis of sampling results
currently being conducted will determine selection of parameters and wells for
subsequent sampling and analysis at the ABG, contingent on EPA approval.

(4) Sample Types. Table 2 is a list of the wells currently being sampled
quarterly (see paragraph (5) below for well locations). A statistical analysis
and evaluation of the ground-water sampling and analysis data is being performed
under contract for NWSC Crane. The statistical analysis will first establish
background concentrations for specified parameters and determine if there were
any increases in concentration levels at any wells over time and if maximum
concentration levels were exceeded at any time. Results of the statistical
analyses will determine the selection of wells and parameters to be monitored in
succeeding sampling rounds, as stated above in paragraph (3).



TABLE 1

BAMPLE ANALYSIS RESULTSE
S S

NAVWPNSUPPCEN, BLDG 2516 | : ANACONS 7120
CRANE, INDIANA 47522 DATE 12-29-89
ATTN: JO BELCHER

SAMPLE DESCRIPTION: 3CiP2, 10-21-89

ALL RESULTS ARE IN MG/L

pH 7.4

SP. COND, UM/CM 667

TOC

TOX

FE <0.05 AS ENDRIN

MN BA LINDANE

NA cD METHOXYCHLOR

cA 84 CR TOXAPHENE

MG 35 PB 2,4-D

K 2.2 HG 2,4,5-TP

SULFATE 8E ~ RADIUM,pCi/L

CHLORIDE AG 6ROSS a,pCi/L

PHENOL , FLUORIDE BROSS b, pCi /L
BICARBONATE 381 NITRATE—N COL IFORM

AMMONIA-N <0.01 » :

TNT <0.01 1,1, 1-TRICHLOROETHANE <0.001
RDX <0.01 TRICHLORCETHYLENE 0.070
HMX <0.02 D-N-BUTYL PHTHALATE <0.01
PCB B1S (2-ETHYLHEXYL)PHTHALATE <0.01

SUBHITTED BY J&/%

C N — —-



TABLE 1 (concluded)
ANACON, INC. 1 0F 1

9001 AIRPORT BLVD, #605
HOUSTON, TEXAS 77061

VOLATILES ORGANIC ANALYSIS DATA SHEET

CUSTOMER: NWSC, CRANE SAMPLE DATE:
SAMPLE ID: Z2Cl1FZ REPORT DATE: 11-21-89
ANACON NO: 7120 FILE REFERENCE NO: 3CI1FZ
CAS # : COMPOUND AMOUNT
(UG/7L)
1. 74-87-3 -=——=——= CHLOROMETHANE —---—————————- c] U
2., 74-853-9 ———m————- EBFOMOMETHANE -—-———=—~—=-——- 3 u
3. 75-01-94 —=—————- VINYL CHLORIDE —--—-=-—————- 2 u
4, 75-00-3 ———————- CHLOROETHANE -——-=———————— 0.5 u
S. 75-09-2 ——m————— METHYLENE CHLORIDE -—=—--—- 0.5 u
€. 107-02-8 ————=——- ACROLEIN -———————=emmmmm 30 u
7. €&7-64-1 ———————— ACETON --~—-—m————mm o 25 u
8. 107-37-1 —-—————— ACRYLONITRILE -——————————mm 15 u
9. 75-15-0 —-——————-— CAREON DISULFIDE -————==——- 1.0 U
10. 75-35-4 ———————— 1,1-DICHLOROETHENE -=——=——— 0.5 U
11. 75-35-8 —-—=—————-— 1,1-DICHLORBETHANE ———————~ 0.5 U
1z2. 156-60-5 —-—————- TRANS-1, 2-DICHLORODETHENE -— 0.5 u
12. 67-66-3 —-——————~— CHLOFROFORM ——=————=———————— 0.5 U
14. 78-93-8 ——==————-— 2-BUTANONE~—~————=m—m—————— 15 u
15. 107-06-2 —=———=—- 1, 2-DICHLORDETHANE ——=————- 0.5 u
16. 71-535-¢ ———————— 1,1,1-TRICHLORDETHANE --——-— 0.5 u
17. S56-23-5 ———————=— CAREBON TETRACHLORIDE ----—- 0.5 U
18. 108-05-4 ——————— VINYL ACETATE -—-—————————— S u
19. 75-27-4 ——=————= EROMODICHLOROMETHANE —————- 0.5 U
20, 78-B7-8% -————=——=— 1,2,-DICHLOROFFROFANE ——=——— 0.5 U
21. 10061-02-€ —-———- TRANS-1,2-DICHLOROPROFPENE - 0.5 u
22, 79-01-6 -———————— TRICHLOROETHENE -————=————— 0.5 U
23. 71-43-2 ————-mm—- BENZENE ~-—-—-————=—=c————- - 0.5 u
24. 124-48-1 —-——--— DIBROMOCHLOFROMETHANE --—-——- 0.5 U
z25. 79-00-5 —=—m————m 1,1,2-TRICHLOROETHANE ————- 0.5 u
26. 10061-01-5 ————- CIS-1,3-DICHLORDPROPENE -—— 0.5 U
27. 110-75-8 ——————— 2-CHLORDETHYL VINYL ETHERE - 0.5 ]
28. 75-25-2 ———————=— BROMOFORM ————————————— 0.5 u
29. 108-10-1 ——————-— 4-METHYL-Z-PENTANONE -—--—- 1.0 U
30. 519-78-6 ——=———— 2-HEXANONE —--——-——=————————- 15 U
31. 127-18-4 ——————— TETRACHLORDETHENE —-——=——=—= 0.5 u
32. 79-34-5 -——————— . 1,1,2,2-TETRACHLOROETHANE - 0.5 U
33. 108-88-32 —-7~———— TOLUENE —-—————————=— === 0.5 U
34. 108-90-7 ——————- CHLOROBENZENE -—-—————————= 0.5 U
35. 100-41-4 ——————— ETHYLBENZENE -————————===—- 0.5 u
36. 100-42-5 —=————— STYRENE -~——=———=——= - 0.5 u
37. 108-38-3 —-—=———— XYLENE (total) -———————=——- 0.5 U

CODES: U - COMPOUND WAS ANALYZED FOR BUT NOT DETECTED. THE
VALUE REPORTED IS THE METHOD DETECTION LIMIT FOF
REAGENT WATER.
J - ESTIMATED VALUE.
SLC - SUSPECTED LAEORATORY CONTAMINANT.
SFC - SUSFECTED FIELD CONTAMINANT.



TABLE 2

ABG WELLS CURRENTLY BEING SAMPLED

3Cl1 3C26
3ClP2 3c27
3CIP3 3C28
3C2 3C29
3C2p2 3C30
3C3 . 3C31
3C3p2 . 3C32
3C4 3-34C
3C5 3-37C
3C6 3CB1
3cC7 3CB2
3C8A 3CB3
3C8AP2 3CB4
3C8AP3 3CB5
3¢9 , 3CB6
3C9P2 3CB7
3C10 3CB8
3Cl1 3CBR9
3C12 3CB10
3Cl13 3-1
3C14 3-3
3C15 3-4
3C15P3 3-6
3Cl16 3-7
3C17 3-9
3Cl18 3-28
3C19 3-31
3C19P3 3-32
3C20 3-33.
3C21 3-34
3C22 3-35
3C23 3-37
3C24 3-38
3C25 3-39



(5) Sample locations, depths and frequency. Approximately 98 monitoring
wells have been emplaced and are available for sampling at the ABG. Figure 4 is
a topographic map showing the locations of wells outside the ABG site. Figure 5
is a larger scale map of the ABG site well locations. Figure 6 is a large scale
map of wells located in the INSET shown on Figure 4. Monitoring well data are
presented in Table 3 (5 pages). Total depth of the well boring and depth of
screen placement are included in Table 3.

(6) Sampling schedule. The ground water sampling will continue on a
quarterly basis until results of the statistical analysis of previous results is
complete. At that time negotiations will commence with EPA to revise the
schedule or selection of wells and parameters, as discussed above.

(7) Sampling procedures. Monitoring well sampling procedures will be
described in detail in Part I of the QA/QC document. Soil and rock sampling were
conducted from a truck-mounted rotary drilling rig. Rock cores were collected
continuously using a diamond-bit HQ wireline core barrel (HQ wireline retrieves a
2-1/2 in. diameter core from a 3-3/4 in. diameter borehole).

Drilling water is currently taken from the water treatment plant at the
Crane installation, which draws its potable water from Lake Greenwood, located
within the NWSC boundaries. Prior to the start of drilling, the drill rig and
appurtenances were steam-cleaned. Drill cuttings were removed from the boring by
circulating clean water from a steel mud pan sealed around the boring top to
prevent contamination of the subsurface from surface runoff. The mud pan was
cleaned and refilled periodically as conditions warranted. In borings
penetrating more than one aquifer the upper zones were sealed before the boring
was advanced. PVC casing was grouted 3 to 5 ft. into the confining stratum at
the base of the aquifer and allowed to set overnight before advancing the boring.
The boring was then advanced through the upper casing and grouted. Smaller
casing was set for drilling the next aquifer.

(8) Rationale for sampling location and choice of analytes. The locations
of sampling stations for water quality and choice of analytes have been
negotiated with USEPA by NWSC Crane previously.

(9) Environmental conditions at the time of sampling. The presence of
volatile organic compounds in the air at the well locations will be monitored
using a photoionization organic vapor detector and a combustible gas detector
prior to removal of the well cap for sampling.

(10) Chain-of-custody forms and procedures. Chain-of-custody is described
in the QA/QC document, Section d.

(11) Decontamination Procedures. Decon procedures for water sampling are
described in detail in Part I of the accompanying QA/QC document.
Decontamination of the drilling and coring equipment consisted of steam cleaning
the drilling rig and appurtenances before start of a new boring. In addition, the
down~hole equipment such as drill rods, rock bits, and core barrels were steam
cleaned after sealing of a ground-water zone and before advancing through the
aquiclude to the next aquifer.

(12) Documentation. Ground-water sampling logs will be kept as described in

4
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SUMMARY OF BORING 'I:\ANBDLEMB;?ITORINC WELL DATA (COMPILED JULY,1950)
Boring Sites Elev., Elev., Top
(Cluster Ground of Well Well Screened Geolog: -
Boring and Moni- or Single Depth Surface Mon. Riser Interval (Depth Below Formation Date Well
toring Well No.'s Mon. Wells)* Boring Types (Ft.) (Ft,) Pipe (Ft.) GCround Surface; Ft.) Screened Screen Set
WES~3-C1-86 Core 197.2 - 627; 28 } 174.0 to 184.,0 Beaver Bend 12/12/86
WES-3-C1P2-86 Cluster Core 110.0 ©26.95 92,0 to 102.0 Beech Creek 09/22/86
WES-3-C1P3-86 Rock Bit 25,6 62.50 19.6 to 24,6 Golconda/Haney . 04/ /86
.WES-3-C2-86 Cluster Core 132,7 583,49 119.5 to 129.5 Beaver Bend 10/24/86
WES-3-C2P2-86 Rock Bit | 49.0 583.15 38.0 to 48,0 Beech Creek 10/29/86
WES-3-C3-86 Cluster Core 150.7 600.08 139.0 to 149.0 ﬁeaver Bend 09/13/86
WES-3-C3P2-86 Rock Bit 67.0 600.20 55.8 to 65.8 Beech Creek 10/23/86
WES-3-C4-86 Single Core 85.3 624.42 73.5 to 83.5 Beech Creek 11/25/86
WES-3-C5-86 Single Core 44.0 581.3¢ 32.0 to 42.0 Beech Creek 10/29/86
WES-3-C6-86 Single Core 100.6 ©25,40 87.0 to 97.0 Beech Creek 10/16/86
WES-3-C7-86 Single Core 101.6 6 36.47 88.7 to 98.7 Beech Creek 10/21/86
WES-3-C8-86 Core 187.7 - Well was lost
and replaced by
WES-3-C8A-86 (below)

WES-3-C8P2-86 Cluster Rock Bit 101.6 629.34 90.0 to 100.0 Beech Creek 11/26)86
WES-3-CBA-86 Rock Bit 186.0 G 30.50 171.0 to 181.0 Beaver Bend 04/03/87
WES-3-C8AP3-86 Rock Bit 20.5 630.43 14,5 to 19,5 Golconda/k:...y  04/05/87

PAG

!

oF 5

[PUS, __.'




TABLE 3 (continued)
Boring Sites Elev., Elev., Top :
(Cluster Ground of Well Well Screened Geologic
Boring and Moni- or Single Depth Surface Mon. Risger Interval (Depth Below Formatici Date Well
toring Well No.'s Mon. Wells)® Boring Types (Ft.) (Ft.) Pipe (Ft.) Ground Surfacg; Ft.) Screene¢ ' Screen Set
WES-3-C9-86 Cluster Core 162.8 603.39 145.0 to 155.0 Beaver Bend 12/05/86
WES-3-C9P2-86 Rock Bit 73.0 Co3.5¢C 62.0 to 72.0 Beech Creel: 12'/07/86
WES-3-C10-86 Single Core 78.8 ¢08.03 66.0 to 76,0 Beech Creekh 01/22/87
WES-3-C11-86 Single * Core 59.5 592.36 47.5 to 57.5 Beech Creek 01/28/87
WES~3-C12-86 Single Core 51.2 5€7.20 39.0 to 49.0 Beech Creek 02/03/87
WES-3-C13-86 Single Core 83.2 6t2.75 70.2 to 80.2 Beech Creek 02/09/87
WES-3-C14-86 Single Core 115.5 642.79 104.5 to 114.5 Beech Creek 02/20/87
WES-3-C15-86 Cluster Core 101.1 ©21.34 88.5 to 98..5 Beech Creek 02/26/87
WES-3-C15P3-86 Rock Bit 22.0 ©21.1} 15.6 to 20.6 Golconda/Haney 04/ /87
WES-3-C16-86 Single Core 157.0 ¢83.25 146.0 to 156.0 Beech Creek 03/12/87
WES-3-C17-86 Single Core 149.5 CECT 138.5 to 148.5 Beech Creek 03/19/87
WES-3-C18-86 Single Core 22.5 ¢25.09 15.5 to 20,5 Golconda/Hane:: 04/ /87
WES-3-C19-86 Cluster Core 122.5 659.50 110.8 to 120.8 Beech C;eek 05/08/87
WES-3-~C19P3-86 Rock Bit 44,0 ©49.70 37.0 to 42,0 Golconda/Haney 05/13/87
WES-3-C20-86 Single Core 120.0 ¢4 .62 108,0 to 118.0 Beech Creek 05/24/87
. WES-3~C21-86 Cluster Core 123.0 ©42.22 108.4 to 118.,4 Beech Creek 05/28/87
HES—3-C21P§—86 Rock Bit 41.0 64222 33.6 to 38.6 Golconda/Har -  05/29/87

—9

PAGE 2 OF 5

O




TABLE 3 (continued)

Boring Sites Elev., Elev., Top
(Cluster Ground of Well Well Screened Geologic
Boring and Moni- or Single Depth  Surface Mon. Riser Interval (Depth Below Formation Date Well
toring Well No.'s Mon. Wells)* Boring Types (Ft,) (Ft.) Pipe (Ft.) Cround Surface; Ft,) Screened Screen Set
WES-3-C22-86 Single Rock Bit 16.5 ¢i7.58 10.0 to 15.0 Golconda/Hanew  06/04/87
WES-3-C23-86 Single Rock Bit 15.5 ¢i8.6l 8.5 to 13,5 Golconda/Haney  06/09/87
HES-B—;:Z&—B6 Single Core 28,2 553.24 22,0 to 27.0 Beech Creek 06/16/87
WES-3-C25-86 Single Core 70,7 597.03 59.7 to 69.7 Beech Creek 06/18/87
WES-3-C26-86 Single Core 165.7 ¢40.37 94.0 to 104.0 Beech Creek 08/03/87
WES-3-C27-86 Single Core 73.3 603.84 60.5 to 70.5 Beech Creek 08/14/87
WES-3-C28-86 Single Core 77.1 612.9% 65.0 to 75.0 Beech Creek 08/22/87
WES-3-C29-86 Single Core 278.8 797.37 267.5 to 277‘.5 Beech Creek 09/01/87
WES-3-C30-86 Single Core 263.6 778 ai 250.5 to 260.5 ﬁeech Creel: 09/17/87
WES-3-C31-86 Single Core 267.2 792.10 255,0 to 265.0 Beech Creek 11/01/87
WES-3-C32-86 Single Core 176.9 7080 164.0 to 174,0 Beech Creel 11/14/87
WES-3-C33-86 Single Core 249.8 785.03 238.5 to 248.5 Beech Creek 11/31/87
WES-3-B1-86 Single Split-spoon 23.3 504.47 7.5 to 12,5 Alluvium 06/19/87
WES-3-B2-86 Single Split-spoon 15.8 503.9¢ 9.6 to 14.6 Alluvium 06/27/87
WES~3-B3-86 Single Split-spoon 14.5 Se49¢ 8.5 to 13.5 Alluvium 06/29/87
WES-3-B4-86 Single Split-spoon 16.5 506 47 © 9.5 to 14,5 Alluvium 06/30/87
WES-3-B5-86 Single Split-spoon 15.0 567.05 9.0 to 14,0 Alluvium 07/01/87
e
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TABLE 3 (continued)

Boring Sites Elev., Elev., Top
(Cluster Ground of Well Well Screened Geologic
Boring and Moni- or Single Depth  Surface Mon. Riser Interval (Depth Below Formation Date Well
toring Well No.'s Mon. Wells)® Boring Types (Ft.) (Ft.,) Pipe (Ft.) Ground Surface; Ft.) Screened Screen Set
WES-3-B6-86 Single Split-spoon 13.5 Se9.2u 8.0 to 13.0 Alluvium 07,/02/87
WES-3-B7-86 Single Split-spoon 10.5 510.72 4.0 to 9,0 Alluvium 08/04/87
WES-3-B8-86 Single Split-spoon 12.5 513. 40 6.0 to 11.0 Alluvium 08/05/87
WES-3-B9-86 Single Split-spoon 12,0 Stk.od 5.5 to 10,5 Alluvium 08/07/87
WES-3-B10-86 Single Core 58.7 561.9( 48.5 to 58,5 Beech Creei. 10/22/87
wiES-3-C34-89 Single Core 1939 72707 1774 40 187.4 Beech Creek /39
WES-3-C35-89 Siagle Core 177.7 697.00 4.4 o 174.4 . Beech Creek /89
WES-3-C36- 89 Single Core 1834 0.2 169.0 »179.0 Reech Creek /89
WES -3-C37- 99 Single Core e 620-2% 1055 v 1155 Beech Creek /89
wes “3-¢38- g Single Core 555 572.97 4274527 Beech Creek /89
. . ' . : 8
wes - 03-01 -8) Sisgle Rock bit 5.2 “04.67 4L6-5°.8 B“ac“.c"‘l fBerehcd. // :
©03-02 -8\ - " 12.9 622,67 3.5- 10.0 Momsheld 8\
03-03-81 . . 100.4 584.29 859~ 95.0 Sample shale /)
©3-04 -2} - J0.0 594.17 $Si =648 Beed. Cree /8
03-05-8| - “ 0.0 ~gasay 4<4- 54,7 _ /84
©3-6C * 8} “ " 52.0 589.71 37.3- 4L (Beech Creak /8
0107 -81 “ " 270 556. 4L 2.4 =217 /81
©1-0% - 3 b " 47.0 ~580.TL 32.4 - Alg /8
©3-09 8| “ «“ 80.5 “24.72 -89 =751 Em.‘C\.Cl..1 /8
01- 1o 82 " “ 27%.0 557, 94 \2 .2~ 208 '/8L
03-11 -82 " X 20.§ 563.05 §.7- (St ;97.
o1-12 -82 . " 210 557,94 2.2~ 2LL 82
o3-13-82 " “ 21.0 S552.24 120 - 214 /81

® Earher Sarvem C1osy)

PAGE 4 oOF 5




TABLE 3 (continued)

Elev.,

Boring Sites Elev., Top
(Cluster Ground of Well Well Screened Geologic ]
Boring and Moni- or Single Depth  Surface Mon, Riser Interval (Depth Below Formation Date Well
toring Well No.'s Mon, Wells)® Boring Types (Ft.) (Ft.) Pipe (Ft.) Ground Surface:; Ft.) Screened Screen Set
WES 0B ~(4-DZ Single Reck byt 20.0 552.37 5.2- (47 /éz
o3 ~15-32 h . 3.5 ~5¢0.05 15.7 =251 /82
01 -lu -2 “ " 38.0 559,04 23.2-32.L /92
0% ~17-9L “ Y 27.0 553, 44 12.3-21.7 /8z
03 -1g-%3 " v 29.5 §52. 80 4.6 - 239 /83
O1-5-93 o v 35.0 ~ 55ﬁ.37© 20.1 - 29.5 /3
©3-20 83 . 29.3 564.8% 4.4 -23.7 . /83
03-21-83 “ ¢ 215 560. 12 12.8 - 22,1 /23
©3-22-33 " " 29.3 558,72 Wy -23.9 /e3
©3-23-83 " 29.7 5¢2.34 49 - 233 /83
©3-24-p3 . " sc.8 585.04 42.0-51.4 /83
03 -25-83 s “ 39.0 573.64 24.2 - 33.5 /83
03 -20-83 o “ %.4 ~5495,49 35.4- AS.0 ' /83
03-27-v3 “ " 330 599.08 18.5 - 22 By Qhfdy /83
03-28-83 " " 27.0 ¢27.49 2.5 -21.L Mamshiéld 8 Golcomda /63
©3-29-83 u . 510 544.6\ 3.6- 45.0 Ruy CLE 2 /83
613-32-85 " “ 53.5 ¢og.60 3‘1 ?‘*L1 Vo/o4 /85~
03-31-25 " 46,0 S§2.84 B Chihy /8.Creel 1 flofes”
©3-12-85 t u 45,0 S93.54 B.\ Gl /B.Ceeele vwo/n/es
03-33-55 \ “ 41.0 583.39 Bry Qb B Creek to/13fvs”
03-34-85 “ " 50.0 585.00 8\ Chbhy /g Creek lo J21/es
63-35-25 u u 5(.0 586.40 Eead« Creale \e [23/857
03-%- %5 " t 70.0 &17.54 Cl ( \o /25/51’
©3-37-85 n u 43.9 596,52 G\ C\}L\ /3 Ceeel. to 27/ 8y
o3 ~ 3285 “ . 570 Lo4.74 Gu\ Clfd, /8. Creelk 11 Jo2/8y
03-39-95 " " S5.v bo3, 28 Gx\Chﬂ—ﬁ /8.Lreek 11/05/31/
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the QA/QC document. Soil and rock sampling logs were kept for each borehole and
well as the borehole was advanced. All sampling activities, methods, and
analytical results will be presented in written reports at the end of the RFI
for the ABG.

(13) Calibration of field devices. Calibration of the air-monitoring
devices is described in the Health and Safety Plan (part f. of this document).

(14) Sample preservation. Ground-water sample preservation methods are
described in the QA/QC document. Soil and rock core samples collected for
geologic analysis are stored in lidded jars and wooden core boxes respectively.

c. _RFI Phase III Construction Plan. Construction of the wells occurred
previously.

d. Quality Assurance/Quality Control documentation. The QA/QC
documentation, Part 1.d., is attached at the end of this Plan.

e. RFI Phase III Data Management Plan.

(1). RFI Phase II1 Data Record. - Records of data collected in the field
and in the laboratory will be maintained indefinitely for the Modified ABG RFI in
a dedicated file at WES. Some duplicate records will be maintained at the NWSC.
Field data records will include logs of all borings and the core or other samples
extracted from them, well installation logs, results of dye trace tests and
other field investigations, memoranda for record of field visits, raw and final
positioning survey data, and monitoring well sampling activities.

Each monitoring well water quality sample taken during the investigation
will be assigned a unique number corresponding to the well or boring from which
it was obtained. Well numbers will identify the SWMU number (Site 03) and the
particular well in a cluster. An example of a well number would be 03C03P2,
which identifies well P2 of cluster CO3 of site 03. Water samples will be
identified by well number, depth and date sampled. Each water sample will be
assigned a laboratory analysis ID number by the contract laboratory. Dye
detection samples collected during the dye trace will be number consecutively.
Data on dye collection and analysis will include date and location dye detector
placed, date collected, date analyzed and results of analysis.

(2). RFI Phase III Tabular Displays. Tables of data will be prepared for
well information and water sampling and analysis events. Well information tables
will list well numbers, dates installed, type of boring, total depth, elevation
of well casing and ground, depth to screen and screen length, and identification
of aquifer. Water level measurements for dates measured for each well will be
tabulated. Tabulated water sampling data will include site, well number, date
and depth sampled and laboratory analysis results for each parameter tested.
Results of analysis of dye tracers will be tabulated.

(3). RFI Phase III Graphical Displays. Graphical displays will include
site maps showing well locations, topographic maps of the site, water table or
piezometric surface contour maps of the aquifers encountered, contour maps of
pertinent geologic structure, maps of ground-water contamination distribution in
sampled aquifers, and other maps as needed. Line or bar graphs will be

5



constructed to show variations in water or piezometric levels for different
aquifers, for different wells, and for different dates. Graphs will also be
constructed showing distribution in contaminant concentrations for different
aquifers, wells and dates. Other graphs will be constructed as necessary.
Photographs of field and laboratory activities will be included in reports of
investigation when available.

f. RFI Phase III Health and Safety Plan.

Background. An initial assessment study of the NWSC conducted in 1981 to
identify potential contamination sources determined that past activities at the
NWSC have resulted in possible contamination of soil and ground water by
potentially hazardous chemicals in several areas of the facility. The chemicals,
by their presence in the soil and ground water, present a potential hazard to
personnel conducting RFIs. RFI activities require drilling of subsurface
" borings and installation of wells (completed previously), and sampling of soils,
rock and ground and surface waters. The health and safety plan is intended to
(a) describe field activities to identify potential hazards associated with each
activity, (b) insure safety consciousness by each individual involved with the
field activities, (c) control exposure to potentially hazardous chemical com-
pounds by specifying protective gear and monitoring procedures commensurate with
the anticipated risk, and (d) provide emergency procedures in the event of
unanticipated high contaminant concentrations, incident response, control and
disposal of generated waste materials.

Other activities. Other field activities that could expose personnel to
contaminants include well sampling, well testing, and surface water sampling and
flow measurement. Well sampling requires removal of several bore quantities of
water from the well, the retention of a sample of the ground water entering the
well, and preparation of the sample for shipment to the laboratory for analysis.

Well testing requires measuring the rate of flow of water being withdrawn
from or injected into the aquifer through the well, for example by pumping tests
or by slug tests, for the purpose of determining aquifer flow parameters. Well
testing may also require measurement of water levels in monitoring wells near the
pumping well. Because personnel may contact withdrawn ground water and be
exposed to vapors emanating from the wells, potential splash and vapor ingestion
hazards exist.

Additional flow measurement may be required whereby surface waters in
streams and water issuing from springs are sampled and the rate of flow
determined or where injected dyes are collected and analyzed. Concentrations of
contaminants in surface waters will be decreased by dilution. Some dilution and
aeration will also occur in spring fed waters. Field personnel should
nonetheless be alert for any signs of contamination such as discoloring of the
water or the presence of odors or vapors. Protective rubber gloves will be worn
when collecting surface or spring water samples.

General Personnel Safety. The monitoring and precautionary measures
specified in the following paragraphs are considered reasonable and prudent for
general field investigations planned for the RFI. Each employee will have a
comprehensive physical examination within the 12 months preceding his/her field
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involvement to provide background information. Upon completion of the project,
or annually, whichever occurs first, each employee will have a routine physical
examination. Physical examinations will consist of the following:

a. Comprehensive Physical Examination. Basic health history, basic
physical examination, routine EKG, chest X-ray, pulmonary function, audio
testing, eye evaluation, hemoccult, Chem-screen 26, CBC w/differential,
acetylcholinesterase activity, heavy metals in blood to include lead, cadmium,
mercury, arsenic, chromium, and strontium; urinalysis.

b. Routine Physical Examination. Basic physical examination, pulmonary
function, SMA-26, urinalysis, audiometric.

Air Monitoring. The most common halogenated organic compounds in
industrial use and OSHA allowable inhalation limits are listed in Table 4 (OSHA
Safety and Health Standards 29CFR 1910).

Table 4. Limits of Exposure and Detection for
Common Organic Solvents.

Maximum Allowable* Sensitivity** Detection¥**

Solvent Exposure, 8 hrs. Photoionization Limit
Benzene 10 ppm High 5 ppm
1,1 Dichloroethane 100 ppm High -
1,2 Dichloroethane 200 ppm High -
Methylene Chloride 500 ppm High 100 ppm
Trichloroethylene 100 ppm High 2 ppm

* (OSHA Safety and Health Standards (29 CFR 1910) OSHA 2206
*¥*x HNu Model PI-101 with 11.7 ev lamp, HNu Systems, Newton,
Mass.
**¥*x Draeger Detector Tubes, National Draeger Inc., Pittsburg, PA

Air monitoring efforts will concentrate on monitoring for organic solvents and
combustible gas. The presence of dust will be determined visually.

The presence of volatile organic compounds in the head space of the
monitoring well will be monitored upon removal of the protective cap using a
photoionization organic vapor detector (HNu Systems Model 101, Hazardous Waste
Detector).

The photoionization unit is a non-specific detector that can
semiquantitatively determine the concentration of a broad range of potentially
hazardous organic compounds in the air. The unit will be calibrated relative to
benzene concentration or to standards traceable to benzene. The unit will be set
to provide an audible alarm at 75 percent of the threshold limit value (TLV) for
benzene. The photoionization unit will be calibrated in accordance with
manufacturer’s recommendation and checked periodically for proper operation.

Limiting skin contact. All persons involved in handling soil or water
samples or equipment contaminated with soil or water from the work site will wear
rubber gloves and safety glasses or face shields. Higher levels of protective
clothing, such as Levels A, B, or C, will be issued and worn if or when working
. conditions require them. Protective equipment will be inspected daily. Worn or
damaged equipment will be cleaned and discarded or disposed of as contaminated
waste.



. 1. Task A: RFI Phase III Work Plan, Ammunition Burning Ground, SWMU #03/10

d. Quality Assurance/Quality Control Plan
The QA/QC plan for this work is presented in two parts: Part I discusses
Sample Collection and Management; Part II discusses Laboratory Analyses.



UAL SSURANCE /QUALITY CONTRO
FOR GROUND-WATER SAMPLING AND ANALYSIS
Part I. SAMPLE COLLECTION AND MANAGEMENT

1. Introduction

The references for this document are the "USATHAMA QA Program", U.S. Army
Toxic and Hazardous Materials Agency, Aberdeen Proving Ground, Maryland, Dec,
1985 (2nd Ed Mar, 1987) and "Chemical Analysis Quality Assurance Requirements
for the Navy Installation Restoration Program", NEESA 20.2-047B, Naval Energy
and Environmental Support Activity, Port Hueneme, California, June 1988. The
procedures described in this section are designed to obtain samples which are
proper representations of the sampled matrix. Trace levels of contaminants
from sources external to the sample must be eliminated through the use of good
sampling techniques. Sample management and stringent documentation are the

key factors in a successful QA program for sampling.

’ This document does not discuss sampling of soil, air, biological, or
surface matrices or sampling for radiological constituents. When such
matrices or analytes are included in a project, detailed requirements and
protocols will be provided on a case-by-case basis.

W“_”MVrart-i of this document discusses selection and cleaning of containers,
field QC samples, the chain ofﬁcustody, shipping reqdirementé, sample . receipt,
sampling of volatiles, ground-water sampling equipment, procedures for monitor
well sampling, and lists sample preservation procedures and suggested holding

times. Part II details laboratory analysis QA/QC.
2. Containers

For water samples, the sample container shall be chosen to be compatible
with the analyte(s) of interest. A complete list is provided in Appendix H.
In general, however, the following containers should be used: (Exceptions

will be noted in the standardized method).

@ 1
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Septum-sealed glass vials for volatile compounds;

Amber glass bottles with Teflon-lined lids for organic constituents other
than volatiles;

Polyethylene bottles for inorganic analytes; and

Wide-mouth amber-glass bottles shall be used for all soil and sediment

samples.

2.1 Cleéning Procedures for Glass Bottles

In general, only ICHEM certified-clean containers will be used. When

containers must be cleaned, the following procedures will be used.

a. Wash glass bottles, Teflon liners, and caps in hot tap water with

laboratory-grade nonphosphate detergent.

b. Rinse three times with tap water.

<. Rinse with 1:1 nitric acid (metals-grade), American Society for

Testing Materials (ASTM) Type 1 deionized water.

d. Rinse three times with ASTM Type I deionized water.

1“

e. Rinse with pesticide-grade methylene chloride using 20 mL for 1/2-gal

container and 5 mL for 4- and 8-0z containers.

f. Oven dry at 125%. Allow to cool to room temperature in an enclosed

contaminant-free environment.
g. Place liners in lids and cap containers.

h. Store in contaminant-free area. (Amber glass containers shall not be

exposed to sunlight).
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‘ 2.2 eanin dure_for Bot e Orpganics (40-mL Class

a. Wash glass vials, Teflon-backed septa, Teflon liners, and caps in hot

tap water using 1aborato:y-grade nonphosphatf detergent.
b. Rinse.three times with tap wgter.
c.. Rinse three times with ASTM Type I deionized water.
d. Oven dry vials, septa, and liners atAIZSQJ.

e. Allow vials, septa, and liners to cool to room temperature in an

enclosed contaminant-free environment.
f. Seal 40-mL vials with septa (Teflon side down) and cap.
g. StoreAin contaminant-free area.

‘ 2.3 Cleaning Procedure for Polyvethylene Bottles

a. Wash poiyethylene bottles and caps in hot tap water with laboratory-

grade nonphosphate detergent.

Rihse wiFh 1:1 nitric acid (metals-grade), ASTM Aeionized water.
c. Rinse tﬁre; times with ASTM Type I deionized water.
d. 1Invert and air dry in contaminant-free environment.

2.4 All ﬁottle; Will Be

a. Capped and labeled with sample numbers and packed in cooler or box.

b. Stored in contaminant-free area.

@ :
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3. Field QC Samples

Although the number of QC samp1e$ changes, the types of field QC samples
remain the same regardless of the level of QC implemented. Table I lists the
percentage of field QC samples per level per sample matrix; A sampling event
is considered to be from the time the sampling personnel arrive at the site
until these personnel leave for more than a day. An example of two events
wouié occur if sampling personnel went to a site for three weeks, drilled
borings, and put ground-water wells in place. During this visit, soil and
wvater samples were collected. The sampling crew left the site for two months,
thus concluding the first sampling event. The crew later returned to collect
another set of ground-water samples over a three-day period. The second visit

would constitute the second sampling event.

The followiﬁg information defines and explains the blanks, duplicates, and

referee samples.
a. Trip Blanks

Trip blanks are defined as samples which originate from analyte-free
water téken from the laboratory to the sampling site and returned to
the laboraﬁory with the volatile organic (VOA) samples. One -trip
blank should accompany each cooler containing VOAs, should be stored
aé-the laboratory with the samples, and analyzed by the laboratory.
Trip blanks are only aﬂalyzed for VOAs. : ‘

b. Equipment Rinsates

Equipment rinsates are the final analyte-free water rinse from
equipment cleaning collected daily during a sampling event.
Initially, samples from every other day should be analyzed. If
analytes pertinent to the project are found in the rinsate, the
remaining samples must be analyzed. The results from the blanks will

be used to flag or assess the levels of analytes in the samples.
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Table 3¢A. Field QC samples per sampling event
Type of Level O , Level C Level E
Sample . Metal Organic Metal Organic Metal Organic
Trip blank NAY 1/cooler NAY 1/cooler  NA! 1/cooler
# (for volatiles ’
& only) _ .
% Equipment -~ 1/day  1/day 1/day  1/day 1/day  1/day
% ) rinsate?
4 N
%j :yFZI““:;- Field blank 1/source/event for all levels and all analytes
% Lo
: w*“
= Field ) ) ’
¥ duplicates’  10% 10% 10% 0% 5% 5%
B Referee
¥ duplicate® collect at direction of HAZWRAP Project Manager
i :
?’ INA - Not applicable.
§ 2samples are collected daily; however, only samples from every other
A day are analyzed. Other samples are held and analyzed only if evidence of
contamination exists.
IThe duplicate must be taken from the same sample which will become
¥ the laboratory matrix/spike duplicate for organics or for the sample used
i as a duplicate in inorganic analysis.
? blank should accompany each cooler containing VOAs, should be stored
i at the laboratory with the samples, and analyzed by the laboratory.
£ Trip blanks are only analyzed for VOAs. ’
X 2. Equipment Rinsates
Equipment rinsates are the final analyte-free water rinse from equip-
ment cleaning collected daily during a sampling event. Initially,
samples from every other day should be analyzed. If analytes pertinent
to the project are found in the rinsate, the remaining samples must
be analyzed. The results from the blanks will be used to flag or
assess the levels of analytes in the simples. This comparison is
made during data validation. The rinsates are analyzed for the same
parameters as the related samples.
3.

Field Blanks

Field blanks consist of the source water used in decontamination and
steam cleaning. At a minimum, one field blank from each event and
each source of water must be collected and analyzed for the same
parameters as the related samples.
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This comparison is made during data validation. The rinsates are

analyzed for the same parameters as the related samples.
Field Blanks

Field blanks consist of the source water used in decontamination and

steam cleaning. At a minimum, one field blank from each event and

"each source of water must be collected and analyzed for the same

parameters as the related samples.

Field Duplicates/Splits

Duplicates or splits for soil samples are collected, homogenized, and

split. All samples except VOAs are homogenized and split. Volatiles

~ are not mixed, but select segments of soil are taken from the length

of the core and placed in 40-mL glass vials. Cores may be sealed and
shipped to the laboratory for subsampling if the project deems this
appropriate. The duplicates for water samples should be collected
simultaneously.' Field duplicates should be collected at a frequency
of 10% per sample matrix for Levels D and C. For Level E, the dupli-
cates sﬁould be analyzed at a frequency of 5%. All the duplicates
should be sent to the primary laboratory responsible for analysis.

The same samples used for field duplicates shall be split by the

.laboratory and be used as the laboratory duplicate or matrix spike.

This means that for the duplicate sample, there will be analyses of
the normal sample, the field duplicate, and the laboratory matrix

spike/duplicate.
Referee Duplicates

Duplicates/splits shall be sent to the referee QA laboratory if
reguiators (state or region) collect split samples or if a special
problem occurs in sample analysis or collection. These duplicates/
splits are collected and analyzed in addition to the field duplicates

mentioned in the previous paragraph.

5
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‘ 4. Chaln of Custody

Samples, other than those collected for in situ field measurements or
analyses, are identified by using a standard sample label which is attached to
the sample container. The sample labels are sequentially numbered and are
accountable. The following information shall be included on the sample label.

a. Site name.

b. Field identification or sample station number.

c. Date and time of sample collection.

d. Designation of the sample as a grab or composite.

e. Type of sample (matrix) and a brief description of the sampling

location.

‘ f. The signature of the sampler.

g. Sample preservation and preservative used.

h. The general types of analyses to be conducted.

If a sample is split with another party, sample 1;bels wifh identical

information shall be attached to each of the sample containers.

The COC record is used to record the custody of samples and shall
accompany samples at all times. The following information shall be supplied
to complete the COC record.

a. Project name.

b. Signature of samplers

@ :



c. Sampling station number or sample number, date and time of collection,
grab or composite sample designation, and a brief description of the

type of sample and sampling location.

d. Signatures of individuals involved in sample transfer (i.e.,
relinquishing and accepting samples). Individuals receiving the
samples shall sign, dgte, and note the time that they received the

samples on the form.
‘e. Matrix.

Sample analysis request sheets serve as official communication to the
laboratory of the particular analyses required for each sample and

provide further evidence that the COC is complete.

COC records initiated in the field shall be placed in a plastic cover
and taped to the inside of the shipping container used for sample

transport from the field to the laboratory.

Examples of chaln of-custody sample tags and record are presented in

Flgures;(and }( respectively, of Part I of The QA/RC clocument:

5. Shipping Requirements

Shipping containers shall be secured using nylon strapping tape and
custody seals (tamper-proof seals) to ensure that samples have not been
disturbed during transport. The custody seals shall be placed on the

containers so they cannot be opened wlthout breaking the seal. An example of
a tamper-proof seal is shown in Figure /( of Fart IT o f the QA/GC document

Samples which must be kept at 4% shall be shipped in insulated containers
with either freezer forms or ice. If ice is used, it shall be placed in a
container so that the water will not fill the cooler as the ice melts.

The samples shall be delivered to the laboratory soon enough to allow the

laboratory to meet holding times. The Department of Transportation

7
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regulations shall be used for packaging, quantities of shipment, and the way
samples are sent. Each subcontractor responsible for sampling shall become

familiar with regulations.

Copies of the signed COC forms shall be delivered with the data packages.
The originals shall remain on file with the contractor or with the laboratory.

6. Samﬁle Receipt

Upon receipt, the laboratory shall sign and keep copies of the air bill.
The COC shall be signed. The temperature of the cooler shall be measured and
documented. The condition of the samples shall be documented. If any break-
age or discrepancy arises between COC, sample labels, and requested analysis,
the sample custodian will notify the engineering subcontractor. The pH of
incoming samples shall be checked and documented upon receipt. Any discrep-
ancy or improper preservation shall be noted by the laboratory as an out-of-
control event and shall be documented on an out-of-control form with the
corrective action taken. The out-of-control form shall be signed and dated by

the custodian and any other person responsible for corrective action.

7. Sampling of Volatiles

When sampling water for volatile compounds, extra care must be exercised

.. to_prevent analyte loss by evaporation. Precautionary measures include:

»

o Acquiring the sample with equipment that minimizes water gas/liquid

interphase under pressure or vacuum;

o Avoiding aeration or agitation of the sample to the greatest possible

extent;
o Triple rinse sample vial with sample water;

o Filling vials to capacity, taking care that no air bubbles are trapped in

the vial;
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Storing the sample at 4%C;

o Analyzing the sample as soon as possible, but never exceeding the

prescribed holding time (Appendix H);
o Never allowing a volatile sample to freeze; and

o Never filtering the sample.

8. Ground-water Sampling Equipment

All ground-water sampling will occur after the wells have been developed.
Because drilling and well construction disturb the natural ground-water
system, the maximum possible length of time (never less than two weeks) shall
pass between well development and sampling to allow the ground-water system to

return to chemical equilibrium.

All equipment used to measure and sample the ground-water system (e.g.,
‘ bailers, pumps, tapes, ropes) must be cleaned before use in each well to
prevent cross contamination between wells. Equipment that is dedicated to a
well site may nét require cleaning between sampling events. If the well is
free of inflowing éediments, thorough rinsing will be sufficient. When

-. - inflowing sediments adhere to equipment, scrubbing may be required in addition

to rinsing. In no instance shall detergents, soaps, or solvents be used to

clean equipment in the field.

Water used for rinsing field equipment shall be bottled distilled water or
water from an approved source._ Such approved water should originate from an
uncontaminated (background) and untreated source. The water shall be analyzed
by an approved laboratory fér all project specific analytes prior to collec-
tion of field samples. A rinse blank shall be included with the initial lot
of samples during the initial and subsequent sampling excursions, defined as
the time between mobilization and demobilization of the sampling team.
Reanalysis of rinse blanks is not required for sampling excursions separated

by less than six months. Water from chemical supply companies or retail

@ ;
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merchants 1s acceptable, provided that analysis reveals such water is free of
interferences. At least one sample must be submitted to the laboratory and be
analyzed for all analytes of interest prior to the first use in the field.
The initial rinse water analyses may be done prior to certification approval
provided that the analytical procedures used are identical to those tested
during certification.

égmpling equipment must be protected from ground surface contamination.
Clean plastic sheeting spread around the well is one means of protecting the
equipment. New protective sheeting should be used at each sampling location.
Sampling efforts shall preclude wind-blown particles from contaminating the

sample or sampling equipment.

9. Monitor Well Sampling Procedures

The following procedures incorporate the necessary aspects of sampling QA

and shall be used each time a monitor well is sampled:

o Measure the depth from the top of the well casing (not protective casing)

to the top of the water and record the depth in the sampling logbook;

o Measure and reéord the depth from™ the top of the casing to the bottom of
the sediment/water interface;
o Subtract the depth to top &f the water from the dépth to éhe bottom of the
" sediment/water interface to determine the heighﬁ of standing water in the
casing and saturated annulus. Remember to have on hand the diameter,
height, -and porosity of the sand pack, as recorded by the geologists

during well construction;

o Obtain a sample of ground-water for temperature, conductivity, and pH

measurements. Record these measurements in the sampling logbook;

o Remove a quantity of water from the well equal to three times the

calculated volume of water in the well, including the saturated annulus;

10
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o If the well goes dry during pumping or bailing, one is assured of removing

all water which had prolonged contact with the well casing or air. If the

recovery rate is rapid, allow the well to recover to its original level
and evacuate a second time before sampling. If recovery is very slow,

samples may be obtained as soon as sufficient water is available;

o Obtain samples for chemical analysis immediately after pumping or bailing
is complete. For slow recovery wells, the sample shall be collected

immediately after a sufficient volume is available;
o After obtaining chemical analysis samples, draw a second sample for
temperature, conductivity, and pH measurement and record results in the

sampling logbook;

o Filter samples, as appropriate;

[~

All samples must be placed in containers that have been cleaned according
to the protocols in Section 2. Samples for organic analyses shall be
placed in clean amber-glass bottles with Teflon-lined lids. Samples for
inorganic chemical analyses shall generally be placed in clean polyeth-
ylene bottles. Samples for volatile organics shall be placed in septum-
sealed vials. The sample bottle and cap shall be triple rinsed with the
water being sampled before filling the bottle with the sample to be
Hmanalyz;d. Bottles for filtered samples shall be rinsed with filtered
sample water and bottles for unfiltered samples should be finsed with

unfiltered sample water;
o Add the appropriate preservative and cap securely;
o Label samples; and

o Place sample bottle(s) in a temperature-controlled (4%) chest immediately

after sampling and deliver to the laboratory as soon as possible.

11
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'!‘ A SAMPLE PRESERVATION PROCEDURES AND HOLDING TIMES B

“ ’ FOR AQUEOUS AND SOLID SAMPLES

l! After the samples have been taken, they should be sent to the laboratory

Hh
S

analysis as expeditiously as possible in order to insure that the most
reliable and accurate answers will be obtained as a result of the analysis. As
a general rule, storage at low temperature is the best way to preserve most
samples, although the length of time the sample can be held even at low
temperatures varies with the analyte and matrix. The bottles should be
packaged for shipping in insulated containers, constructed to insure that the
bottles will arrive at the laboratory intact. :

A - S S

B L Lt LR T L1 F- USRS PR -

Freezing samples to extend holding shall not be permitted,

The following table summarizes containers, preservation, and holding time.
requirements by analyte and sample matrix. :
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Table H-1. Containérs, Preservation, Storage, and Holding Times?

Container? Preservativec’d ‘Maximum Holding Time
Parameter Water Soil Water Soil for all Matrices® -
INORGANIC TESTS ‘ ‘ ; i
Acidity P~ 6  Cool, 4% CCool, 4% - 14 days'
Alkalinity P. 6 Cool, 4°C " Cool, 4°C .+ 14 days
Amnonia p 6 Cool, 4 Cool;, 4% 28 days”
HyS0, to pH <2 o A
Asbestos p G Cool, 4°€ Cool, 4% " . 48 hoursf
Bicarbonate P G None.Required None Requifed Analyze Imnediately
Biochemical :
Oxygen Demand (BOD) e ‘
and Carbonaceous BOD P G Cool, 4°C Cool, 4°C 48 hours
Bromide P G None Required None Required 28 days
Carbonate P G None Required None Required Analyze Immediately
Chemical Oxygen L p 6 Cool, 4°C Cool, 4°C 28 days
Demand (COD) ! : N2504 to pH <2 - :
Chloride ' p G None Required None Required 28 days
Chlorine, Total Residual P N/A  None Required N/A Analyze Iimmediately
P N/A Cool, 4°C N/A 48 hours

Color -
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Maximum Holding Time
for all Matrices®

Table H-1. (Cont'd,)” ~
,
Containerb ' PreservativeC»d
Parameter Water Soil Water Soil
Cyanide, Total and p G: Cool, 4°¢ Cool, 4°¢
Amenable to "NaOH to pH >12 .
Chlorination 0.6 g Ascorbic Acid9
Dissolved Oxygen _
Probe .G N/A  None Required N/A
Bottle R
and Top
Hinkler G N/A  Fix On Site N/A
Bottle Store in Dark
and Top
Fluoride P G None Required None Required
Hardness P N/A HNO3 or HZSO4 to pH<2 N/A
Hydrazine p G If not analyzed Cool,‘doc
_immediately, collect
“under acid. Add
90 ml of sample to
10 m1 HCI.
lodide p G -Cool, 4% Cool, 49¢
lodine p G None Required None Required
Kjeldahl and Organic o .
Nitrogen p G Cool, 4“C Cool, 4°C

HZSO4 to pH <2

14 days b

Analyze hnnediate]y.

8 hours

28 days

-6 months

7 days

24 hours

Analyze Immediately

28 days

abeg
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\ H Table H-1. (Cont'd.) i
; _
Container? II Preservative®d Maximum Holding Time %
Parameter Water  Soil! Water So11 for all Matrices® )
Metals! /
Chromium VI P 6 . Cool, 4°C Cool, 4°% 24 hours
Mercury P G " HNO; to pH <2 Cool, 4°C 28 days.
Others P 6 (HNO5 to pH <2 Cool, 4°C . 6 months
Nitrate p 6 Cool, 4°C Cool, 49¢ 48 hours
Nitrate plus Nitrite P 6  Cool, 4°C ~ Cool, 4% 28 days
Nitrite P ..G-- Cool, 49 Cool, 4°C 48 hours
0i1 and Grease 6 G Cool, 4°C Cool, 4% 28 days
H,S0, to pH <2
2774
Orthophosphate P G Filter Imediately Cool, 4°C 48 hours
Cool, 4°C ' Yo m W
' ' ‘ aasd
pH P G None Required None Required Analyze Iimmediately LU 38
o B Q
Phenols 6 6 . Cool, 4°C Cool, 4°C 28 days w8 3 -
" H,50, to pH <2 %%’9
. . O .
Phosphorous, Elemental 6 6 Cool, 4°C Cool, 4% 48 hours Hoy @
Phosphorous, Total P,6 (& " Cool, 4°C Cool, 4°C 28 days o % e
: H,S0, to pH <2 w
2774
Silica, Dissolved or Total P G . Cool, 4°C Cool, 4°C 28 days
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Table H-1. (Cont'd.)

et s
ot

TR
SMAENY

Plagemme  mammad e s

Sl TAN ST

Containerb. Preservativec'd .' Maximum Ho]ding Time
Parameter Water  Soil _Water Soil for all Matrices®
Residue : : “y
Filterable P N/A  Cool, 4°C N/A 7 days |
Settleable p N/A  Cool, 4°C N/A 48 hours
Nonfilterable (TSS) P N/A  Cool, 4°C N/A 7 days
Total P N/A = Cool, 4°C N/A 7 days
Volatile P~ N/A  Cool, 4°C N/A 7 days
Specific Conductance p G Cool, 4°¢ Cool, 4°¢ 28 days
Sulfate P 6 Cool, 4% Cool, 4°C 28 days
Sulfide P 6  Cool, 4°C * Cool, 4°C - 7 days
Add Zinc Acetate
plus NaOH to pH >9
Sulfite . P G __ None Required None Required Analyze Immediately .
. oY}
Surfactants P- 6 Cool, 49 Cool, 4% 48 hours 9
Temperature TP G ~ None Required None Required Analyze Iimmediately .
Turbidity P N/A  Cool, 4°C N/A 48 hours ' o
. H,
ORGANIC TESTSY '
s
Acrolein and Acrylonitrile § S Cool, 4°C Cool, 4°¢ 14 daysX ' o

0.008% Na.S.0.9
Adjust pH’td 4-sK
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Table H-1. .1t'd.)

Container?" PreservativeCd Maximum Holding Time
Parameter Water Soil Water , So1l for all Matrices®
Benzidines! G G: Cool, 4°C™  Cool, 4°C 7 days until extraction”
0.008% Na,$,0,9
| pH 2-7
Chlorinated Hydrocarbons' G 6  Cool, 4% Cool, 4°C 7 days until extraction
- : . 40 days after extraction
Haloethers! 6 6 Cool, 4% " Cool, 4% 7 days until extraction
0.008% Na252039 40 days after extraction
Nitroaromatiﬁs and . - ;
Isophorone 6 G - Cool, 4% - Cool, 4°C 7 days unti) extraction
Store in Dark Store in Dark 40 days after extraction
Nitrosamines!s© G 6 Cool, 4°C ~ Cool, 4°C 7 days until extraction
- Store in Dark Store in Dark 40 days after extraction
0.008% Na,S,0,9 | ‘
PCBs G G Cool, 4°¢C Cool, 4°C 7 days unti) extraction
40 days after extraction
Pesticides] G G Cool, 4%¢ ‘Cool, 4% 7 days until extraction
pH 5-9P 40 days after extraction
Phenols! E- 6 G  Cool, 4% Cool, 4°C 7 days until extraction
L 0.008% Na252039 40 days after extraction
Phthalate Esters] G G Cool, 4%¢ ~ Cool, 4°¢ 7 days until extraction

40 days after extraction
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Table H-1. (Cont'd.)

Container? PreservatiyeS:d Max imum ﬁo]ding Time |
Parameter Water  Soil Water Soil _ for _all Matrices®
Polynuclear Ar?matic o '
Hydrocarbons G G Cool, 4°¢ Cool, 4°C 7 days until extraction

0.008% Na.,S 03g Store in Dark 40 days after extraction

Store in Sagk :
Purgeable Aromatic .

Cool, 4°C Cool, 4% 14 days9

Hydrocarbons S S
: 0.008% Na,$0,9
HC1 to pH <29

Purgeable Halocarbons S S . Cool, 4% Cool, 4°C 14 days

0.008% Na,$.,0.,9 '

27273 _

Tcop! G 6 Cool, 4°C Cool, 4°¢ 7 days unti) extraction

0.008% Na2503g 40 days after extraction
Total Organic Carbon G G Cool, 42 Cool, 4°C 28 days .

HC1 or HZSO4

“to pH <2
Total Organic Halogen G G Cool, 4°¢ Cool, 4°¢ 7 days-
1 mlof 0.1 M

sodium sulfite

Analytes not listed should be preserved at 4°C and held not lTonger than 7 days.

%preservatives and holding times are from Federai Register, Vol. 49, No. 209, Friday, October 26, 1984,
Page 43260 and Characterization of Hazardous Waste Sites: A Methods Manual -~ Volume II, Sampling Methods,

Second Edition, "EPA-600/4-84-078. Container requirements are consistent with these references.

bp . Polyethylene
G = Amber Glass with Teflon-lined cap
S = Glass Vial with Teflon-lined septum cap O

e P S Sy 2

abeg

8
G861 Joquidoaa  a3eq

10

01

*ON UOTSTASY
"0 uoT308g

0
H

B D reRatly




6-H

L

Qple preservation should be performed- fmmediately upon sample collection. For composite samples, each

aliquot should be preserved at the time of collection. When use of an automatic sampler makes it

impossible to preserve each aliquot, samples may be preserved by maintaining at 4°C unti) compositing and
sample splitting is completed. ! .

i

u? . i .
dNhen any sample is to be shipped by common carrier or sent through the U.S. Mail, it must comply with the

Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). The person offering such
material for transportation is responsible for ensuring such compliance. For the preservation requirements
in this table, the Office of Hazardous Materials, Materials Transportation Bureau, Department of
Transportation, has determined that the Hazardous Materials Regulations do not apply to the following
materials: Hydrochloric acid (HC1) 1in water solutions at concentrations of 0.04% by weight or less (pH
about 1.96 or greater): Nitric acid (HNO,) in water solutions at concentrations of 0.15% by weight or less
(pH about 1.62 or greater); Sulfuric acia (H 504) in water solutions at concentrations of 0.35% by weight

or less (pH about 1.15 or greater); and Sodium hydroxide (NaOH) in water solutions at concentrations of
0.080% by weight or less (pH about 12.3 or. less). - : o

eSamp]es should be analyzed as soon as possible after collection. The times listed are the maximum times
that samples may be held before analysis and still be considered valid. :

Some samples may not be stable for the maximum time period inen in the table.
A laboratory is obligated to hold the sample for a shorter time if knowledge exists to show this is
necessary to maintain sample integrity. : ’

fIf samples cannot be filtered within 48 hours, add 1 ml of a 2.71% solution of mercuric chloride to
inhibit bacterial growth.

Ishould only be used in the presence of residual chlorine.

hMaximum holding time is 24 %ours when sulfide is present. Optfonally, all samples may be tested with lead
acetate paper before pH adjustment in order to determine if sulfide is present. If sulfide is present, it
can be removed by addition of cadmium nitrate powder until a negative spot test is obtained. The sample is
filtered and then NaOH is added to pH 12,

1qu dissolved metals, filter immediately on site before adding preservative.

.
-
l |

6 obeg
G861 JIoquodag o3ed

JOo

0ot

*ON UOTSTIASY

Ly
o, e e

.';_2,

*ON UOT3093

H

R O L & = L Xz



0T-H

‘III’ li
b
:

JGpidance applies to samples to be ana]yzeJ by GC, LC, or GC/MS for specific compounds. i

kThe pH adjustment is not required if acrblefn will not be measured."Samples for acrolein feceiving no pH
adjustment must be analyzed within three days of sampling. ‘ '

]when,.the extractable analytes of concern fall- within a single chemical category, the specified
preservative and maximum holding times must be observed for optimum safequard of sample integrity. When
the analytes of concern fall within two or more chemical categories, the sample may be preserved by.cooling
to 4°C, reducing residual chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting pH to
6-9; samples preserved in this manner may be held for 7 days before extraction and 40 days after

extraction. Exceptions to this optimal preservation and holding time procedure are noted in footnotes g,
m, and n. :

Mre 1,2-diphenylhydrazine is likely ib Sé present, adjust the pH of the sample to 4.0 + 0.2 to prevent
rearrangement to benzidine. ;

"Extracts may be stored up to 7 days before analysis if storage is conducted under an {inert (oxidant-free)
atmosphere. ’ ‘

OFor the analysis of diphenylnitrosamine, add 0.008% Na25203 and adjust pH to 7-10 with Naoi within 24
hours of sampling.

pThe pPH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% Na25203.

anmple receiving no pH adjustment must‘be analyzed within 7 days of sampling.
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ENVIRONMENTAL LABORATORY
US ARMY ENGINEER WATERWAYS EXPERIMENT STATION

QUALITY ASSURANCE PROGRAM FOR ENVIRONMENTAL CHEMICAL ANALYSES

1. PURPOSE_AND_SCOPE

The purpose of this Quality Assurance (QA) program is to ensure
the scientific reliability andAcémpatibility of water quality data at
the Environmental Laboratory (EL), US Army Engineer Waterways
Experiment Station (WES) by providing QA guidelines for progran
managers, principal investigators, and analysts in the development of
and execution of projects.

Any project requiring sample collection, analysis, data reporting
and interpretation must be susceptible to QA if it is to be
scientifically wvalid. Obviously, Quality control (QC) measures are
more readily applied to routine monitoring than to state-of-the-art
research. However this does not prevent the application of QC
procedures and it should be realized that different research projects
will involve variations of the QA program to meet specific project
needs. These reqhirements are best defined by the principal
investigators. The role of the OQA officer is to provide
recommendation; for appropriate and necessary QA methods and plans tc
coordinate this effort with the EL staff (managers, investigators,
analysts, etc.).

The basic QC measures for analytical testing will be the same for
both routine monitoring and Research and Development as long as
standard analytical methods are in use. When new procedurés must be
developed due to matrix interferences, or the the Corps of Engineers

(CE) improves of develops a new analytical procedure, these variances



must be validated through extensive testing to assure their
reliability. The QA officer will be responsible for this validation
to maintain the integrity of EL data.

As the CE lead agency for Civil Works Environmental Quality
Research, the WES and EL are obligated to support quality assurance if
documentéble and reliable research results are to be genefated.
Specific quality controi measures must be developed for each project.
2. References

é. ER 1110-1-8100
b. ER 1110-1-261
c. ER 1110-1-263
d. ER 1110-2-244

e. Handbook for Analytical Quality Control in Water and Wastewater

Laboratories., EPA 600/4-79-019, March 1979, US Environmental

Protection Agency, Environmental Monitoring and Support

Laboratory, Cincinnati, OH 45268.

f. Standard Methods for the Examination of Water and Wastewater.
(15th Edition) American Public Health Association, 1105 18th
St, NW, Washington, DC 20036

g. Recommended Methods for Water-Data Acquisition. US Geological

Survey (1977) US Department of Interior, Reston, VA 22092

h. Methods for Chemical Analysis of Water and Wastes. EPA 600/4-

79-020, March 1979, US Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Cincinnati, Ok

i. Plumb, R. H., Jr. 1980. "Procedures for Handling and Chemical
Analyses of Sediment and Water Samples". EPA/CE 81-1, USEPA/CE

Technical Committee on Criteria for Dredged and Fill Material,

el



Environmental Laboratory, US Army Engineer Waterways Experirment
Station, P.O. Box 631, Vicksburg, MS 39180

j. Inhorn, Stanley L., Ed. 1978. Quality Assurance Practices fcr

Health Laboratories, American Public Health Association,

Eighteenth St. N.W., Washington, D.C. 20236.

k. Bickéring,~Charles; Olin, Stevén: and King, Peter. 1978.

"Procedure for theiEvaluation of'ﬁnvironmenta} Monitorinc
Laboratories" EPA-600/4-78—017, US Environmental Protectior
Agency, Cincinnati, OH 45268.

1. Strat;on, C.L., and Bonds, J.D. 1979. "Quality Assurance Guide-
lines for IERL-CI Projéct Officers" EPA-600/9~79-046, US Envi-
ronmental Protection Agency, Cincinnati, OH 45268.

m. "Guidance for Contracting Biological and Chemical Engineering
Evaluations of Dredged Material", Environmental Research and
Simulation Division, Environmental Laboratory, US Army Engineer
Waterways Experiment Station, Vicksburg, MS

n. Test Methods for Evaluating Solid Waste, SW-846, Third Edition

November 1986, US Environmental Protection Agency, Office of

Solid Waste and Emergency Response, Washington, D.C. 20460

3. Background

QA is defined as the sum of activities that document and maintain
the qﬁality of moﬁitéring data and quality control (QC) is the routine
application of procedures to control the measurement process. The
objectives of the WES QA program are to assure that the data generated
are scientifically sound, defensible, continuously precise and
accurate, and to enhance the overall capability and performance of the

laboratory. References 2a-2d establish water quality policy for the



CE. In Addition to its function as a major research and developren
center for the Corps of Engineers, the WES also serves the Lowe
Mississippi Valley Division as Division Laboratory and is responsibl.

for ensuring the application of quality control measures.

Water and wastewater monitoring data are collected in response t«
various Federal regulations and research projeéts. Included in thes:
regulations:

a. The National Environmental Policy Act (NEPA) of 1969

b. The Federal Water Pollution Control Act (FWPCA) of 1972

c. The Marine Protection Research and Sanctuaries Act (MPRSA) of
1972

d. The Coastal Zone Management Act of 1972

e. The Safe Drinking Water Act of 1974 and 1986

f. The Toxic Substances Control Act of 1976

g. The Resource Consérvation and Recovery Act of 1976

h. The Clean Water Act of 1977

i. The Cbmprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA or Superfund)

j. The Defense Environmental Restoration Program

k. Superfund Amendments and Reauthorization Act of 1986



————

Much of the preceding lcgislétion requires monitoring programs that fall
under the regulatory authority of the Environmental Protection Agency (EPA).
On 30 May 1979, the EPA administrator {ssued the following policy statement,
"I am making participation in the Quality Assurance effort mandatory for all
EPA supported or required monitoring activities...For the purpose of this
policy siatemept moﬂitoring is defined as all environmentally related measure-
ments whi;h are funded by the EPA or wﬁich generate data mandated by the EPA.,"
This program doés not attempt to describe in detail all of the QC measures to
be applied, but is intehded to serve as a general guide for projects in deve-
loping specific policies, organizations, objectives, and QC activities to
achieve data quality goals. References 2d, 2e, 2f, and 2g provide detailed

procedures to be followed in water quality laboratories.

These regulations may also precipitate research projects that supply data
for standards setting, environmental assessments, permit applications, etec.
The program classification response to government regulation or research pro-
ject will determine the types and numbers of samples to be cdllected and the
parameters to be measured (physical, chemical, biologlcal, radgélogical). The
minimum precision and accuracy requirements will be_determinéd by the end use

of the data. These factors together‘wil; determine'theﬁlevel of QA effort.

4. Quality Assurance Goals

QA goals have been established to:

a. Provide an organizational structuyre defining the basic concepts of-QA

at WES-1in the Environmental Laboratory.



Fstablish guidelines to dssist project officers and program managers
{n the logical development of general and specific QA plans for

projects.

Provide a means for evaluating projects as to appropriate data

réquirements.
Implement‘a procedure to review data quality aspects of projects.

Encourage the use and development of methods of analysis and data
treatment that are cépable of meeting the data quality or research
quality needs required by the project goals-to assure the use for

which the data are intended. . ... ... .. ...... e e

Monitor the operational performance through appropriate intralabora-

tory and interlaboratory QC programs.
Ensure that program and project officers and contractors develop pro-
tocols with approved QA plans and procedures prior to program initia-

tion and that they adhere to them.

Identify data quality problém areas and alert management to them.

5. Organization and Responsibility

The quality of data collected by the Environmental Laboratory lies ultl—t

mately with the Chief. In order to provide an organizational structure for

QA; a QA officer will he designated to develop, coordinate, and direct these

6



activities. QC must be built {nto a laboratory program to such an extent that
{t {s a routine part of all other laboratory activities. Management Support
for QA program must be visible and active. The QA officer shall be responsi-
ble for coordinating a definition of the quality of data required to meet pro-
gram objectives. Principal investigators o; project managers will work with
the QA officer to implement the QA plan and assure the documentation of QC
measures. The WES functional management structure is shown in Figure 1 - the
QA officer beingna part of the Edvironmental Engineering Division with respon-

sibility to the Chief, EL.

6. Quality Assurance

Quality assurance is maintained through the application of QC measures to
all phases of the analytical process--from the initial planning and selection
of sampling sites to the final interpretation and reporting of data. A brief

description of these QC procedures follows:

6.1 Sample Collection

The major objective of a sampling program is to obtain a reb;esentative
portion of the environment under investigation. Criteria for surface water
sampling may be determined by (1) permitting, (2) area Qide or basin planning,
(3) compliance, (&) enfércement, (5) experimental desigﬁ, (6) process control,
and (7) research and de;élopment;. They are often tied to the physiographic’
features of the area under consideration. Groundwater monitoring {is usually
performed in the vicinity of dredged materfal solid waste disposal facilities.

Factors to be considered in sample collection for'monitoring programs are:
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Site Selection

The selection of sampling sites {s critiéal in obtaining a representa-
tive sample. Some areas of consideration are study objectives,
accessibility, physical characteristics, inflow, sampling personnel,

and facilities.

Sample Type Frequency

The priiéry water sample types are grab samples andAcomposite sampies.
Composite samples may be conducted manually or automatically and
depend on either a continuous or periodic sampling mode using: (1)
constant pumping rates, (2) sample pumping rates proportioned to
streamflow rates for surface water, (3) constant sample volumes at
constant time intervals between samples, (4) constant time intervals
between samples and sample volumes proportioned to total streamflow
rates, and (5) constant time intervals between samples and sample
volume proportioned to total streamflow rates at time of sampling. In
many cases automatic samplers help eliminate the element of human
error associated with manual sampling; however, automatic samples are
susceptible to mechanical problems and should be subject to strict
maintenance checks and calibratioﬁ procedures. Protocol for sampling

sediments is given in reference 2h.

Flow Measurement (surface water)

Accurate flow measurement is a anecessary part of any water or waste-
water survey and {s required under the National Pollutant Discharge
Elimination Systeh. Flow rates are dlvided into four categories: (1)

flow measurement fin completely filled pipes under pressure (Venturi
9



tubes, flow nozzles, Pitot tubes, magnetic flowmeters, etc.), (2) tra-
jectory methods measured at the end of the pipe (California and Purdue
Pipe Methods), (3) flow measurement in open channels and sewers
(velocity areéa measurement time or passage measurement or weir and
flume level measurements, and (4) miscellaneous flow methods (Manning
formula, tra;er and.salt dilution,teéhnique. water meters, pump rates,
etc.). A written step-by-step procedure for the use of the sampler

shall be available for the personnel involved in saﬁple collection.

Sample Handling ar * Preservation

Proper sample containers and preservation techniques must be employed
to maintain the integrity of the samples. Some determinations such as
temperature, pH, specific conductance, and dissolved gaseé shoﬁld be
made in the field. A list of recommended sample containers, preserva-
tives, and holding times fér the various analytical parameters are
given in Table 1. Instructions for cleaning sample containers are as
follows:

(1) Organics: Chromic acid——wash 15 min, rinse thorodghly with tap
water, distilled water, and several times with redistilled ace-
fone, hexane petroleum ether, or chloroform, aﬁd clean lids and
liners in the same manner ‘and store both in a sealed container

until needed at the sampling site.

(2) Metals: Soak in 1l:1 AR grade ﬁittic acid for 12 hr, then rinse

thoroughly with three to five succéséive portions of high-quality

10
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distilled water. Seal containers aand enclose in a sealed con-

tainer until needed at the sampling site.

e. Chain-of-Custody

If samples are to be used for compliance purposes, a chain-of-custody
procedure must be employed and must begin in the field. This will
ensure that the samples are collected, transferred, stored, analyzéd,

and destroyed only by authorized personnel. The following chain-of-

custody procedures are generally considered to be acceptable:

(1) A written procedure 1is prévided to the field and laboratory
personnel to assure that sample possession is traceable.

(2) Invoive a minimum number of trained persons in sample collection

and handling.

(3) Provide guidelines to be followed for sample collection, includ-
ing number of samples, sampling method to be used, preservation,

and handling

(3) Provide guidelines to be followed for sample collection, includ-
1ng number of samples, sampling method to be used, preservation,

and handling.

(4) At the time the sample i{s collected a chain-of-~custody tag

(Figure 2) with tamperptoof seal (Figure 3) is attached to the

12



/ CHAIN OF CUSTODY

U. S. ARMY CORPS OF ENGINEERS
WATERWAYS EXPERIMENT STATION
P.O. DRAWER 631

VICKSBURG, MS 39180

United States Army
Corps of Engineers

--.Serving the Army
...Serving the Nation

U.S. ARMY CORPS OF ENGINEERS

Station No. Date Time Sequence No.

Station Location ) a——— Grab
BOD Metals Remarks/Preservative:
Solids e 011 & Grease

] CcoD | D.O.

2 Nutrients Bact.

= Other

L ——— L

-]

-t

% | Samplers:

(72}

Figure 2. Example of chain-of-custody sample tag. (a) Front. (b) Back.

le No. . .
U.S. ARMY CORPS OF ENGINEERS| Sample No Date

OFFICIAL SAMPLE SEAL Signature

Print Name and Title (Inspector, Analyst, Tech.)

SCAL BROKEN BY

Figure 3. Example of tamper-proof scal.
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sample. Information on the tage should be written legibly with

. waterproof ink. A chain-of-custody record (Figure 4) should

accompany the samples.

(5) Bound field notebooks are used to record field measurements and
information necessary to recomstruct the sample collection

process.

-

f. QA in the Field

Procedures and equipment.shall meet project requirements. The QA

coordinator shall be provided documentation to:
(1) Assure approved methodology. . ... .. ... .. . . . .

. (2) Assure the percentage of QC analyses and results.

(3)‘Validate the procedures used for recording, processing, and

reporting data.
(4) Ensure the calibration and maintenance of field instruments.
(5) Ensure qualifications of field persdnnel;

For each project type a minimum of seven sets of split samples, spiked
sampleg, and sample preservation blanks shall be collected to define
g .

acceptable estimates of precision and accuracy criteria for data validation, ~
14
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FORM
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6.2 Facilities

Laboratory facilities must include sufficient space to process and
examine the samples for the required parameters during peak work loads
(v 200 ftz and 15 linear ft of bench space per analyst). Storage space must

also be provided for samples, glassware, equipment, and refrigeration.

Hot and cold running water, high capacity sinks and drains capable of
accepting acid waste, distilled/deionized water, and ultra-pure water for
trace analyses should be readily available. Provisions should be made for

adequate electrical outlets and vacuum systems.

Exhaust hoods capable of venting organic solvents and acid fumes should

be provided as well as laminar flow hoods for trace analyses and carcinogens

and speciai purpose hoods for perchloric acid.

Cleanliness in the laboratory should be emphasized to reduce possible

contamination.

Safety features to comply with Federal Occupational Safety and Health
Administration regulations should include fire extinguishers, safety showers,
eyewash stations, mandatory eye protection requirements, first aid equipment,

protective garments, chemical dispensing devices, and safety education.

6.3 Laboratory Personnel

QA can only be as good as the personnel involved in the analysis. Educa-
tional and/or expericnce requirements are determined by the nature and com-
plexity of the analysis. A skill-time rating for some standard analytical

operations {s given in Table 2.
- 16



Table 2*

SKILL-TIME RATING OF STANDARD ANALYTICAL OPERATIONS

-
Skill Required Numbeg
Measurement (Rating No.)1 Per Day
Simple Instrumental
pH , 1 100-125
Conductivity 1 100-125
Turbicity 1 75-120
Color 1 60-75
Dissolved Oxygen (Probe) 1,2 100-125
Fluroide (Probe) 1,2 100-125
Simple Volumetric:
Alkalinity (Potentiometric) 1 50-75%
Acidity (Potentiometric) 1 50-75
Chloride 1 100-125
Hardness 1 100-125
Dissolved Oxygen (Winkler) 1,2 75-130
Simple Gravemetric:
Solids, Suspended 1,2 20-25
Solids, Dissolved 1,2 20-25
Solids, Total 1,2 25-30
Solids, Volatile 1,2 25-30
Simple Colorimetric:
Nitrate N (Manual) 2 75-100
Nitrate N (Manual) 2 40-50.
Sulfate (Turbidimetric) 2 70-890
Silica 2 70-80
Arsenic 2,3 - 20-30
Complex, Volumetric, or Colorimetric: . 2
BOD 2,3 15-29
Ccop 2,3 25-30
TIN 2,3 25-30
Ammonia 2,3 25-30

(Continued)

1Skill-requiredrating numbers are defined as follows:

l-aide who is a semiskilled subprofessional with minimum background or
-training, comparable to GS-3 through GS-S. '

2-aide with special training or professional with minimum training with
background in general laboratory techniques and some knowledge of
chemistry, compatable to GS-5 through GS-7.

3-experienced analyst capable of following complex procedures with good
background in analytical techniques, prdfessional, compatable to GS-9
through GS-12. : ' .

4-experienced analyst specialized in highly complex procedures, profes-
sional, comparable to GS~l1 through GS-13.

zRate depends on type of samples.
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Table 2 (Continued)*

—

;: . . Skill Required Number
Measurement (Rating No.)1 Per Day
Phenol (Distillation Included) 2,3 20-30
0il and Grease 2,3 25-30
Fluoride (Distillation Included) 2,3 25-30
Cyanide 2,3 8-10
Special Instrumental:

TOC 2,3 75-100
Metals (by AA), No Preliminary Treatment 2,3 150
Metals (by AA), With Preliminary Treatment 2,3 60-80
Organics (by GC), Pesticides Without Cleanup 3,4 3-4
Organics (by GC), Pesticides, With Cleanup 3,4 2-4

*Source, U. S. Environmental Protection Agency, 1979, Handbook for Analytical
Quality Control in Water and Wastewater Laboratories, EPA-600/4~79-019.




The time limits presented in Table 2 are based on use of approved
methodology. A tacit assumption has been made that multiple analytical units
are available for measurements requiring special equipment, as for cyanides,
phenols, ammonia, nitrogen, and COD. For some of the simple instrumental or
simple volumetric measurements, it 1is assumed that other operations such as
filtration, dilution, or duplicate readings ;?e required; in such cases the
number of measurements performed per day may appear to be fewer than one would

normally anticipate.

Training is an essential part of any program measuring water quélity. For
mocre experienced, higher grade personnél; formal training in special fields,
possibly leading to specialization will be a part of each individual's career
development plan, Such‘ttaining is fostered through local institutions and
through the training courses developed by the Corps, EPA, and other government

‘agencies.

Formalized training for lower grade personnel, comparable to GS-3 to GS-5,
1s relatively scarce. However, skills can be most efficiently improved at the
bench level on a personal informal basis by more experignéed analysts working
in the same area. Exposure of personnel to pertinent literature will aiso

be a definite ptogfam policy.
Personnel will be indoctrinated into QA procedures and their importance

to the Corps. Laboratory supervisors will periodically review basic tech-

niques and policies with the analysts. Recognition of excellent performance
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as well as tactful assessment of areas needing Iimprovement wil] aid i{n overaiji

laboratory performance.

6.4 Instrumentation

Instrumentation is an integral part of all water and wastewater labora-
tories and is constantly being improved and upgraded. "State-ofithemart"
equipment and practices are essential if laboratories are to obtain data that
will meet the accuracy, precision, and sensitivity required by today's moni-
toring programs. A routine maintenance and calibration program wiil be pro-
vided and documented. Table 3 préseqts calibration recommendations for some
of the major instruments in the laboratory. Assignment of responsibility will
be cleariy defined and records will be maintained in a bound notebook or
equivalent permanent records management file. Some considerations to be made

when planning the purchase of new equipment are:
a. Is there a need, present or future for the item, i.e., does present or
projected regulations specify tests that this equipment will be used

for?

b. Does ﬁhe purchaser have equipment in-house that can be modified or

adapted. to perform the necessary function at a lesser cost?

c. Will the purchaser have the necessary auxiliary input, e.g., 1f G.C. -
Mass spectroscopy unit is requested, will library facilities be

available?
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d. Are there technically competent pefsonnel available to operate the
equipment? If not, what plans are available for hiring or training .

such personnel?

6.5 Methodology

Analytical methods for routine environmental testing of water samples

should be selected using the following criteria:

a. The selected methods should measure desired constituents of water
samples in the presence of normal interferences with sufficient pre-

cision and accuracy to meet the water data needs.

b. The selected procedures should use equipment and skills ordinarily

available in the average water pollution control laboratory or water

-

supply laboratory.

c. The selected methods should be sufficiently tested to have established

their validity.

d. The selected methods should be sufficlently rapid to permit repetitive

routine use in the examination of large numbers of water samples.
More complex matrices such as those encountered in sediment, soil and

plant tissue may require extensive sample preparation and variance in proce-

- dures to compensate for analytical interferences. Procedural development {s
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Instcument

1) Analytical Balances

2) pH Meters

3) Conductivity Meters

4) Nephelometer/
Turbidimeters

‘ >5) Colorimeters/Filter

Photometers

6) UV/Visible
Specrophotmeters

* Source, U. S. Environmental Protection Agency, 1978,
Evaluation of Environmental Monitoring Laboratories,

TABLE 3. INSTRUMENT CALIRRATIONS*

Procedure

(a) Zero

(b) Standard weights

(c¢) Full adjustment
adjustment

At pH 4,7, and 10

(a) Obtain cell constant
with potassium chloride
reference solutions

(b) Construct temperature
curve if measurements
are to be made other
than at 25 + 0.5°

(a) Check instrument scales
or develop calibration
curve with formazin
stds (<40NTU)

(b) If manufacturer's stds
are not formazine, check
against formazine stds.
(<40ONTU)

Curves determined with S-¢
laboratory-prepared std.
solutions for each param-
eter in conc. range of
samples

(a) Wavelength calibration
with holmium oxide glass
or solution, low-pressure

mercury arc, benzene vapor

(Uv), or hydrogen arc
(visible)

(b) Absorbance vs. concentra-
tion curves with 5-6 std.
Solutions for each param-
eter at analytical wave-
length in conc. range of
samp les

(c) Full servicing and adjust-
ment

22

Frequency

Before each use
Monthly
Annually

Daily

Daily

Monthly

Monthly

Annually

Daily

“Quarterly

Daily

Annually

"Procedures for the
" EPA-600/4-78-017.
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7)

8)

9)

10)

11)

12)

13)

Instrument

Infrared Spectro-
photometers

Atomic Absorption
Spectrophotmeters

Carbon Analyzers
DO Meters

Other Selective
Ion Electrodes and
Electromenters

Thermometers

Technicon Auto

" Analyzers

TABLE 3. (Continued)

Procedure

(a) Wavelength calibration with
polystyrene or {ndene

(b) Absorbance vs. concentration
curves with 5-6 std. solu-
tions for each parameter
at analytical wavelength in
conc. range of samples

(¢c) Full servicing and adjust-
ment

(a) Response vs. concentration
curves with 6-8 std. solu-
tions for each metal (std.
mixtures are acceptable,
but wih same acid as
samples to be run) in conc.
range of samples

(b) Full servicing and adjust-
ment

Curves determined with 5-6 std.

solutions in conc. range of

samples

Calibrated against modified
Winkler method on aerated
distilled or tap water

Curves determined with 5-6 std.
solutions in conc. range of
samples

Calibrate in constant temper-
ature baths at two temper-
atures against precision
thermometers certified by NBS

(a) Curves-determined with
std. solutions for each
parameter B

(b) Full service and adjust-
ment (esp. colorimeter)
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Frequency

Daily

Daily

Semi-annually

Daily

Annually

D&iiy

Daily

Daily

Quarterly

Each set of
samples

Annually



TABLE 3. (Continued)

‘ Instrument Procedure Frequency

14) Gas Chromatographs (a) Retention times and detector Daily
response checked with std.
solutions
(b) Response curves for each - Monthly

parameter determined with
. std. solutions

15) Radiological
Equipment (See Standard Methods, Sect. 300)
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frequently necessary for samples of this type. Whenever possible a standard
ceference material in a similar matrix should be analyzed with the sample to

assure method reliability.

When Federal regulations must be met, such as for Section 304(h) of Public
Law 92-500 and for the Interim Primary.Dringing Water Regulations, EPA approved
methods will be used. The WES QA officer will coordinate any variances.
Methodology for implementation of Section 404(b) (1) of PL 92-500 is provided

in Reference 2h.

Methodologies must be carefully documented and readily available to each
analyst. Laboratory inspections will be made to assure adherence to the
written procedure. Method documentation will include the following items for
QA review:

a. Parameter that the method measures.

b. Principle - A brief description of the method.

c. Opiimum Concentration Rénge - The analytical range from the

lowest concentration to the highest concentration in which a
substance {s measured. The sample may be concentrated or

diluted so that the substance can be detected within this range.

-d.. Sensitivity - The slope of a curve of concentration versus -

instrument response (such as absorbance).
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8.

Detection Limit - The lowest quantity which may be distinguished

from background with an acceptable degree of confidence.

Reference - The source of the analytical method. In addition

all variances of the original procedure are documented here.

Matrix - The general composition of the sample that the method

1s capable of handling, e.g., water (potable, ambient, wastewater),
solids (leachates, sediments, sludges), air (filter particulates,
bubbler solutions, casette trap), fluids (solvents, hydrocarbons,

oils).

Analysis Procedure

(1) Descrigfion = The analytical procedure is described for
normal conditious. Sample pretreatment (1f required) and
preparation protocols are also described here. The langqage
used to describe the method 1s to be detailed enough (cook-
book fashion) so that a technician with experience in the
respective type of analysis would clea;ly understand every
step of the procedure. Anaiytital techniques_that eméioy
a great deal of 1nst;um¢nggtion such as atomic absorption
and automated analyzers are briefly described since in-
Strument manuals are available which detaii the use of the
instrument. However, auto analyzer manifolds are to bé

depicted.
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(2) Instrument Parameters - A description of the instrument and

all the ianstrument settings that are necessary to set up the

instrument for normal conditions.

(3) Routine Performance Tests - A test of the instrument per-

formance which is separate from a calibration procedure
and i{s a gross indication of the instrument's response.
This test is performed and documented each time a

batch of samples is processed or else on a daily basis.
The frequency chosen for instrument response check is
dependent on the analyst's confidence of instrument

stability.

(4) Calibration Standards - The calibration standards are

described in terms of the range of concentrations used
in the normal procedure and in terms of composition
(preparation of standard solutions) employed for various

matrices.

6.6 Reégents

Reagents are available in a wide range of grades; the‘burity requirement
varies with the type'of analysis SeingucondUCted. For many anélyses American
Chemical Society (ACS) reagent-grade quality is acceptable, and use of
reagents of lesser purity should be prohibited. Where special high-purity

grades, such as spectro grade or reference grade, are required, the analytical
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procedure should specify the special grade or the required in-house purifica-

tion, such as distillation or recrystallization.

Upon receipt, a reagénc should be labeled with the date of receipt, who
received it, and an expiration date 1if it {s unstable. When reagent quality
is critical and variation is expected.in th; quality by reagent lot or source,
initial testing of the reagent may be advisable before placing it in labora-

tory stores.

An effective inventory control program should be used to assure that
reagent stocks are rotated, out-of-date reagents are discarded, and necessary
stocks of reagents are maintained. Reagents must be stored in accordance with
manufacturer's directions to assure reagent integrity, such as storage of -
light-sensitive reagents in dark bottles, protection from excessive heat, and

2N

so on.
For most reagents, verification of reagent suitabilty 1s conducted by
analyzing a reagent blank with the series of analyses. Charting of the reagent

blank determinations may be advisable.

Distilled or deionized water should be used in all aﬁalyses and for final

‘rihsing of glaséware. As a minimum, léboratéry water should méet American

Society for Testing and Materials (ASTM) specifications for either Type I or
*e)

Type II reagent water (see Table 4). Type I reagent water is filtered deion-

ized water and is the most common grade of water used 1in industrial hygiede'

laboratories.” Type II reagent water is distilled water (usually double
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TABLE <. AMERICAN SOCIETY FOR TESTING AND MATERIALS SPECIFICATIONS FOR
REACENT WATER?

Type 1 Type 11 Type IIIL Type 17

‘. Total matter, maximum mg/1 0. . . .

L 0.1 1.0 2.0
Electrical conductivity, maximum 0.06 1.0 1.0 5.0
micromho/em at 25°C
Electrical resistivity, minimum 16.66 1.0 1.0 0.20
MQ - cm at 25°C
pH at 25°C : 6.2-7.5 5.0-8.0
Minimum color retention timg (min) 60 60 10 10

3Soucce: American Soclety for Testing and Materials6]

distilled) and is used for most analytical methods requiréing organic-free

watec.

Laboratory water should be periodically tested for specific conductance, and
corrective actions should be taken as indicated. The analyst should be aware

‘ of possible sources of contamination from leaching, especially when water is

stored for extended periods of time after deionization or distillation.

6.7 Analytical Performance

Valid precision and accuracy data must be maintained for each method and
analyst by initial and systematic checks. Generally, control charts such as
those developed by Dr. Walter A. Shewhart are used to show standard deviations

(precision) and ranges (accuracy). Detai;S‘for'preparing these charts are

presented in Appendix A and are taken from EPA's Handbook for Analytical

Quality Control in Water and Wastewater Laboratories. When either the
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(2)

Participate in performance evaluation and method studies as avail-
able from EPA (audit-sample program), American Standard for Test-

ing and Materials (ASTM), and other agenciles,

Performance checks should be computerized wherever possible to facilitate

evaluation.

6.8 Data Handli&é-and Reporting

After the laboratory has established control over sample collection,

lnstrumentation, and analytical methods, the data must be handled and reported

in order to be useful and accurate.  Prescribed procedures must be established

for controlling the passage of samples through the laboratory.

a. Analytical Process

(1)

(2)

Samples are recorded in a logbook upon arrival and assigned a
number. All descriptive information concerning the sample, source,
quantity, collection time, and sample collector is entered. This

information.égy also wementered into a computer data storage and

retrieval system.
An analytical request sheet {er—¥BMTard) is prepared which lists

the sample number, descriptive information, and all necessary

pretréatments and analyses. Space 1s provided for completion

31



b'

(3)

(4)

(5)

Data

dates. Li_ia£c:ma&ioa_is_comp&%ef{eedeﬁ’flag date for expected

completion time ﬁ&;'also be added.

As results are completed, the name of the analyst, calculation,
and all pertinent data are noted on the results sheets (which may
be attached to the request.sheets or made as part of the request

sheet).

he)

-

After all analyses are completed, the results are sent to the
laboratory supervisor or person responsible for reporting results.
After review, théy are put into final report form which may be a
typed copy er computer outputy o r F‘UFF7 clis &

Analysis request forms and results are filed for future reference.

Control

(1)

(2)

(3)

(4)

The proper use of significant figures should be emphasized.
Data should be rounded properly.

Bound books should be used at the bench to maintain permanent

records.

Care must be taken to avoid transfer crrors when entecing data

onto—eatds—or- {into a computer.

32
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(5) Automation of instrumentation in many instances will eliminate

errors in the transfer process and speed up data availability.

A flow chart showing the sequence of events in the laboratory is presented

in Figure 5.

If sample data are to be used for compliance or regulatory purposes, a
chain of custod; record such as that shown in Figure 6 may be used to accom-~

pany the sample. ~

6.9 Standards
Data generated are only as good as the standards used for instrument and
method calibrations. All measurements or.calibrations shall be traceable IR,

directly or indirectly to an acceptable reference standard. Both EPA and NBS

are excellent sources for these materials.

When standard solutions are prepared, records must be maintained to assure
traceability of calibrations to the primary standard. For standard solutions
that are prepared just prior to use, tfaceabilty is easily accomplished by
including the standard solution preparation.data 1n.the analyst's log book.
For previously prepared working or stock standard solutidﬁs that are available
- for use by several anal&sts, traceability can be accompiished by use of a
standard solution log. The log book should contain raw data on solution prep-
aration or a reference to the aata's location (i.e., analyst's laboratory

book number and page), as well as the information placed on the standard ~
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Figure 6.

Example of chain-of-custody record
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solution label (i.e., identification, solution number, date prepared, expira-
tion date, and analyst's initials). Traceability is completed by including
" the standard solution number in the analyst's laboratory book when the stan-

dard solution 1is used.

When standard soiutions are stored for extended periods of time, verifica-
tion of solutién Stability may be possiﬁle by requiring at least one fresh
standard to be prepared at each time of use, or by comparing the standard
solution against a freshly prepared solution at the end of the expiration dat-
ing period. Storage of dilute solutions or extended storage when less than

one-fourth of the container is full should be avioded whenever possible.

6.10 Supervisory Control

Behind every good analytical laboratory is a good supervisor who maintains
a continuing interest in the quality of data produced. A QA program provides
the management mechanism to document precision, accuracy, completeness, and
comparability of data. In this regard, the Quality Assurance Office will check
on a weekly basis to review analytical laboratory operations and QC with
analysts. Management will be provided with a status report on a regular

(monthly) basis.

. 7.0 Contractor Laboratories

‘ Qdality Assurance begins with and is most directly“éontrolled in the pro-
curement process. "If the contracting officer and project officer fail to pro—

cure high quality sampling and analytical services, the project is- Suhject
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to inferior data from the beginning. For this reason, all contracts, grants,
and interagency agreements (IAG's) developed by EL primarily for the purpose

of measuring chemical components {in water and wastewater shall be subject to

the following QA requirements:

a. All requests for Proposals (RFP's) gkant and TAG application shall

include a separate clause dealing with QA requirements.

hatd

-

b. As part of the selection process, technical evaluation criteria shall
be applied to the proposed contractor QA program and the percentage of

effort to be devoted to QA activities shall be specifically stated.

The IERL-CI laboratory of the EPA has put together a checklist for evalua-

tion criteria to be used in rating quality assurance programs submitted as part
of a contract proposal or grant application. These are given in Appendix B.
Reference 21 also supplies excellent guidance for selecting a contractor for

bilological and chemical analyses.
The QA section of the Technical proposal shall address the following items:

(1) Goal of the QA program.

(2) Organization and responsibility of the QA-program.

(3) Sample collection procedures including site selection, frequenéy,
flow measurements, sample handling and preservation, chain of

custody, and field analyses.
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C.

(5)

(6)

€]

(8)

(9)

(10)

Facilities, personnel, and equipment.

Calibration procedures--standards and verification.
Analytisal procedures.

In&ernal and external QC practices.

Data haﬁdling and reporting.

Documentation of QA practices.

Percentage effort devoted to QA (cost and time).

Before selection and award of a contract, and at the option of WES,

bidders may be required to show:

(1)

(2)

Acceptable performance on audit samples.

By on-site evaluation (laboratory inspection by WES) that man-
power, equipment, and supplies necessary for.completion of the

project are available.

EL may also require that a specified number of split samples be

analyzed by both the Contractor and EL.
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Figure 7 shows the sequence of events in awarding a contract and the areas
where quality assurance should be injected. It {s the responsiblity of the
WES project officer to see that QA requirements which are a part of the con-
tract, grant, or IAG are met during the course of the monitoring project.

Prior to contract awards the EL QA officer should be available to provide
technical advice to the project officer and éhould wqu with him in the initfal
development of the contract, grant, or IAG. The QA program developed by the
contract, grant:‘dt_IAG must be coordinated with the EL QA'officer before

award.

If the contractor laboratory perfofms analyses for projects generated by
the Districts, an inspection is required prior to initiation of testing and at
least every two years thereafter (Reference 2b). Guidance for these inspec~ =~ "~

tions 1is provided in Appendix C.
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*PROJECT CbNCEPTION
*PROCUREMENT REQUEST
*DEVELOP EVALUATION CRITERIA
PREPARE AND ISSUE SOLICITATION
*PREPROPOSAL CONFERENCE (OPTIONAL)
RECEIVE OFFERS
*PRELIMINARY TECHNICAL REVIEW ———sTECHNICALLY UNACCEPTAhLE——>REJ‘ECT OFFER

*TECHNICAL AND COST EVALUATION

DETERMINE COMPETITIVE RANGE — = NOT IN COMPETITIVE RANGE

*CONDUCT WRITTEN/ORAL DISCUSSIONS  --- -

REQUEST '"BEST AND FINAL" OFFERS

*FINAL EVALUATION

S -——»_’_»’h

*PRE-AWAT. Y SURVEY (OPTIONAL)

SELECT SOURCE FOR NEGOTIATIONS
CONDUCT NEGOTIATIONS

AWARD CONTRACT

*QA considerations are important .at these points in the process.,

Figure 7. 'Processing sequence for contract source evaluation and selectiod
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APPENDIX A
QUALITY CONTROL FOR ANALYTICAL PERFORMANCE

A.l1 Introduction

Previous chapters discussed basic elements of quality control (QC) pertaining
to laboratory servicés, instrumentation, gla;éware, reagents, solvents, and
gases; the reaaer should refer to the appropriate sections to determine nec~
essary specifications and requirements for QC. Assuming that these basiec
variables are unﬂer ﬁC, that aéproved methods are being used, and that the
complete ststem is initially under QC, valid precision and accuracy.data must
initially be developed for each method and analyst. Then, to insure that valid
data continue to be produced, systematic daily checks must show that the test
results remain reproducible, and that the methodology is actuallylmeasuring

the quantity in each sample. In addition, QC must begin with sample collectign
and must not end until the resuitiﬂg data have been reported. QC of analytical
performance within the laboratory 1s thus but one vital link in the dissemina- .
tion of valid data to the public. Understanding and conscientious use of QC
améng all field sampling personnel, analytical personnel, and management person-
nel is imperative. Technical approaches are discussed in the following sections.
'A.Z The Industrial Approach to QC

In the 1920's, Dr. Walter A. Shewhart of Bell Telephone Laboratories, Inc. de-
veloped the theory of control charts as a basic method for evaluating the qual-
ity of products from manufacturing processes. His book (1) on statistical QC
grew out of this original work. Later, accéptance of his concepts and related
stati;tical techniques within 1nqﬁstry led to réfined. quantitative cvélua—
tions of product quality‘ﬁn manufacturing. Dr. Shewhart's work on productioﬁ

processes assumed 4 uniform product manufactured in large numbers and inspected



on a continuous basis through the periodic analysis of samples of n production

units. The resulting data, xl , x2 ,...xn ,» were then used to estimate pre—

cision, as the standard deviation S or range R , and accuracy, as the

arithmetic mean X . These statistics were calculated as follows:

These statistics were evaluated by blottiﬁé'themﬂon control charts developed
from similar statistics taken while the process was under properly controlled
operdtion. The elements common to such control charts are represented in

Figure A-l. They include an expected value (the central line) and an accept-

able range of occurrence (the region betveen upper and lower control limits).

UPPER CONTROL LIMIT

CENTRAL LINE

LOWER CONTROL LIMiT

- o ——

VALUE OF THE STATISTIC

SAMPLE NUMBER

Figure A~l. FEssentials of a control chart,

A-2



There are many reference sources available that discuss in great detail the
classic Shewhart control charts and related statistics that have since been
developed for specific industrial applications (2-4). In addition, many
authors have discussed applications of a related type of control chart called

a cumulative-summation (cusum) chart (2,4). Rather than gvaluating each sample
independently, the c&sum chart evaluates thegcumulative trend of the statistics
from a series éf samples. Because each successive point is based upon a cumu~
lative data treti:ar cusum charts are often considered more effective than control
charts in recogﬁiziﬁé process changes and, therefore, may minimize losses from
production of unacceptable units; however, cusum charts require the‘more diffi-
cult calculations, and optimally designed Shewhart techniques have been found

to be almost as effective (2,4) 'so there is no universal agreement on the choice

between them,

A.3 . Applying Control Charts in Environmental Laboratories

In industrial applications, separate control charts.are recommended for each

product, each machine, and each operator. Analogous system variables in an
environmental laboratory are the parameter, the instrument, and the analyst.

However, environmental laboratories routinely have to contend with a variable

that has no industrial counterpart--the true concentration level of the in-

vestigated parametgr, which may vary cqﬁsiderably among samples. ﬁnfortunately.
the statistics that work well for industry are sensitive to the variability in
true concentrdation that is common 1in environmental analysis; e.g., the classic
X and R statistic values increase substantially as concentration increases.
This variability in true concentration means thgrg are no expected values for
randomly selgcted samples, so that the accuracy of testiﬁg methodology must be
evaluated indirectly through the recovery of sfundards and spikes. As a result,
it has been difficult for environmental laboratories to satisf;ctorily app19

industriuthC technliques.



There are two possible approaches to the solution of the problem of variation
in the true concentration level; either use of a statistic that is not sensi-
tive to this variation or application of the industrial techniques within
restricted concentration ranges. Obviously, the former should be preférred
because it actually solves the problem and does not require the development

and maintenance of a series of charts for each parameter.

A.3.1 Quality Control Charts for Accuracy

-

~

Two replacements for the Shewhart X control chart have been suggested for
evaluating the recovery of a series of different standards or Spikes. One of
these, a cusum chart using the square of the difference between the observed and
true values, is described in an EPA Region VI QC manual (5). The other alter-
native uses the classic Shewhart technique to evaluate the percent recovery in-

stead of X . It is recommended that the percéﬁt recovery be calculated as

P = 100 Observed
7 known
for standards, or

observed - background

P = 100 spike

for recovery of spikés‘info natural water backgrounds. An example of the

1inedr relationshlp between percent recovery and the known concentration of
standards and spikes is demonstrated in the accuracy plots of a recent EPA
method study report on analysis of -mercury (6). Both approaches are being

used on a daily basis by various environmental laboratories.

The data in Table A-1 were used in the EPA Region VI manual (5) to illustrate
the development of a cusum chart. - The actual data have been reordered here to
dppear in ascending order of the known values. Note that the medan and the range

2 _ :
of the . di values Increase with increasing concentration level, and this

“



violates a basic premise for acceptable control chart statistics. Because the
percent recovery data do not show any such trend, it is the recommended control

chart statistic for controlling accuracy.

From the data in Table A-1, a Shewhart control chart for percent recovery can

be calculated in the following way:

Average percent recovery

si\ ) }E: Pi

100.4

The standard deviation for percent recovery .

234,074 - (2,310)2/23
22

Vv94.0751

9.70

Therefore, the upper control limit becomes the following:

UCL = P + 3SP

100.4 + 3(9.70) -

I}

129.5
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Table A.1l

Analvsis1 of Total Phosphate-Phosphorus Standards, 1in mg/1
Total PO4 -p
Percent
Difference 2 Recovery
d d p2 -
Point Known Obtained i i i

1 0.34 0.33 0.01 10.0001 97 9,409
2 0.34 0.34 -0.00 0.0000 100 10,000
3 0.40 0.40 0.00 0.0000 100 10,000
4 0.49 0.49 0.00 0.0000 100 10,000
S 0.49 0.49 0.00 0.0000 100 10,000
6 0.49 0.63 -0.14 0.0196 129 16,641
7 0.50 0.47 0.03 0.0009 94 8,836
8 0.50 0.53 -0.03 0.0009 106 11,236
9 0.50 0.56 -0.06 0.0036 112 12,544
10 0.52 0.59 -0.07 0.0049 113 12,769
11 0.66 0.70 -0.04 0.0016 106 11,236
12 0.66 0.60 0.06 0.0036 91 8,281
13 0.67 0.65 0.02 0.0004 97 9,409
14 0.68 0.65 0.03 - 0.0009 96 - 9,216
15 0.83 0.80 0.03 0.0009 96 9,216
16 0.98 0.75 0.23 0.0529 77 5,929
17 1.3 1.2 0.10 0.0100 92 8,464
18 1.3 1.3 0.00 0.0000 100 10,000
19 1.6 1.7 -0.10 0.0100 106 11,236
20 2.3 2.3 0.00 0.0000 100 10,000
21 2.3 2.4 -0.10 0.0100 104 10,816
22 3.3 3.3 0.00 0.0000 100 - 10,000
23 4.9 4.6 0.30 0.0900 94 8,836

Totals 2310 . 234,074

Using a colorimetric method with

and the lower control limit becomes

LCL = 100.4 - 29,

=7.13

The completed control chart is shown 1in Figure

Following normal procedures, the control chart

under which it was developed; i.e., laboratory

persulfate digestion.

A.2.

must indicate the conditions

name, pdarameter,

method of
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Figure A-2. Shewhart control chart for percent recovery data.

analysis, date of preparation, and any other information unique to the initial-
izing data, such as range.of concentration and identification of analyst(s).

A control chart is not generally applicable under other conditions,

To verify the control chart, the initializing data should be checked to be
sure that none of the values exceeds these new control limits. 1In addition,

if its distribution is proper, about 68 percent of the initializing data

should fall within the interval F_: Sp . It has been suggested that the
control chart is not valid if less than S0 percent of the initializing data

falls within this interval.

N

In applying. the control chart, either of the following two conditions would
indicate an out-of-control situation:

-

a. Any point beyond the conrol limits.

b. Seven successive points on the same side of the value P of the

central line.

‘When an out-of-control situation occurs, analyses must be stopped until the



problem has been identified and resolved, after which the frequency should be
increased for the next few percent-recovery QC checks. The problem and its
solution must be documented, and all analyses since the last in-control point

must be repeated or discarded.

A final note of caution regarding use of a single percent-recovery P control
chart over a broad concentration range is necessary. As noted earlier for the

analysis of mefcury, a good linear relationship of the form

~

X = P (known concentration) + K

where K 1s a constant, seems appropriate for many parameters. However, to
justify use of a single percent-recovery control chart, K must be small
enough relative to the P (known concentration) term that it has little or
no practical effect upon the value of X . This will usually be true for
moderate or high concentration levels, but may noﬁ be true at very low con-
centration levels. As a result; for some parameters it may be necessary to
develop a separate percenf—reco?ery or Shewhart X chart for each standard-
ized low concentration level sample.

A.3.2 Quality Control Charts for Precision

Because the characteristics of the range statistic change as concentration
changes, two alternatives to Shewhart's R chart have been used in environ-

mental laboratories to evaluate the precision of routine sample analyses.

One alternative is a cusum chart using the sum of the squared difference be-

tween duplicate determinations on randomly selected routine samples (5). Be-

cause the range R for duplicate anulyses is equal to the difference between
' ' s g2

them, the cusum statistic equals .the sum of squared ranges R™ . However,

if R changes significantly as concentration level changes, then R2 is

affected even more and, therefore, 1s not us good a criterioan for judglng
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whether precision of the system is within acceptable limits.

The other alternate uses a chart similar to the R chart, but the chart sta-
tistic is either the percent relative standard deviation (IOOS/i). the coef-
ficient of variation (CV or S/ﬁ), or the industrial statistic I . For the
duplicate detérminations A and V , I quals the absolute value'of their
difference divided by their sum, or 'A -’BI /(A + B), and can be shown to

be equivalent to the other two statistics:

100 2
X

~ R/ V2
= 100 577

100(cv)

]

100 2 %

JE—A + B

e .._ 200 |a - 5 e
V2 A+

2001

V2

For the sake of computational ease, I seems to be a logical alternative to R .

The next concern is whether I 1is independent of chaange: in coneentration level,
Based upon experience with duplicates on routine samples taken during the last

2 years by EPA Region VII, 1 appears to decrease substantially as concentration
increases. . In recognition of this possible dependency, control charts for I
should only be developed from and'appiied to results within a limited concentra-
tion range. Nofe that control charts for R -could be applied under similar

limitations.

As an illustration of the concentration dependeﬁcy of these precision statistics,
Table A-2 prévides estimates of R and I for different concentration ranges
of three parameters. These parameters were selected because approximately

100 sets of duplicates were available that were well distributed over a
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reasonably broad conéentration range. The ranges for the sum of duplicates
A + B used in Table A-2 were selected because they were convenient and the
data tended to be well distributed among them. Data judged to be out of

control were discarded, before any calculations were made.

Table A-2 indicates the concentration dependence of both the range R and the
industrial statistic I for three parameters. Because I 1is not independent

of concentration and is more difficult to calculate and develop control charts

-

) Table A-2
Estimates of the Range (R = A - B ) and the Industrial Statistic
[1 = [A - BI/(A + B)] of Three Different Parameters for Various

1
Concentration Ranges

No. of
Range of Sets of 2 9
Parameter A+ B Duplicates . _A+B R ' I

BOD, 5-day: (mg/1) 2 to <20 21 11.7 1.04 0.0888
. 20 to <50 30 35.2 1.94 0.0552
50 to <100 27 72.2 3.33 0.0462
100 to <300 29 204.1 6.52 0.0319
300 to <600 17 394.4 11.1 0.0282
600 to <2000 12 1041 12.1 0.0116
2000 up 3 6683 177 0.0264
Chromium (M1/1) 10 to <20 32 12.3 0:.32 0.030¢
20 to <50 15 33.4 0.57 0.0170
50 to <100 16 72.4 1.12 0.0155
-100 to <300 15 170.3 3.80 0.0223
300 to <1000 8 480.3 5.25 0.0109
100Q up 5 6340 76.0. 0.0120
Copper (ug/l) ) 10 to <30 . 16 22.2 0.93 0.0617
30 to <50 23 38.2 1.35 0.0368
‘50 to <100 21 70.8 1.14 0.0169
100 to <200 . 26 , 131.9 2.33 0.0177
200 to <400 10 268.0 2.81 0.0105
400 up 3 702.0 4,56 0.0065

From EPA Surveillance and Analysis Laboratory, Region VII.
v Average values. '

for, the use of R charts for a series of sequential concentration ranges
for each parameter seems practical. However, because the primary concern

when uéing'any range chart 1s whether the upper control lim;t has been
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Table A-3

Shewhart Upper Control Limits (UCL) and Critical

Range RC Values for the Differences Between

Duplicate Analyses Within Specific Con-

centration Ranges for Three Parameters

Concentratioq_

Parameter : Range2 UCL Rc
BOD, 5-day (mg/1) 1 to <10 3.40 3.5

E 10 to <25 6.34 ) 6

T 25 to <50 10.9 : 11

. 50 to <150 21.3 21

150 to <300 : 36.3 336

300 to <1000 39.6 3 40

1000 up 579 579

Chromium (ug/l) - S to <10 1.05 1

10 to <25 1.86 2

25 to <50 3.66 4

50 to <150 12.4 312

150 to <500 17.2 3 17

TTo = o 500 up 249 Ces 249

Copper (ug/l) 5 to <15 3.04 3

15 to <25 4.41 4

25 to <50 3.73 5

50 to <100 7.62 ‘ 38

100 to <200 9.19 3 9

200 up 14.9 15

From EPA Surveillance and Analysis Laboratory, Regioﬁ'VII.
Equal to half of the ramge of A + B given in Table A-2.
Based on fewer than 15 sets of duplicate analyses.

exceeded, an even more practical approach would be ‘to develop a table of

these limits for all concentration levels of each pardmeter. As an example,

Table A-3 contains the calculated Shewhart upper control limits: for the range

R from duplicate analyses within the various concentration levels for the
three parameters in Table A-2. These limits were calcqlatqd?-as usual, from
the Shewhart factor DA for ranges based upon dupl#cate analyses and the.
appropriate averuage value of the range R given in Table A-2. Fér example,

the UCL for 25 to 50 mg/l of BOD was calculated as follows:
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UCL = DAR

3.27(3.33)

[}

= 10.9

Table A-3 also contains.a critical range Rc column. Because the data from
EPA Region VII were almost always whole units with only a very occasional half
unit reported, the kc value 1is the UCL valué rounded to the nearest whole
unit at higher‘concentratidn levels and to the nearest half unit for the lowest
concentration‘lé@el. However, there is an exception to this rule among the
low—céncentratién Rc values for copper that demonstrates an advantage be-
yond the simplicity of using such tables. The UCL value for copper at 25 to

S0 pg/l is inconsistent with the UCL values for adjacent concentration levels,
and the ‘Rc value has been adjusted to resolve this inconsistency. Without
'the table, such inconsistencies could very easily go unnoticed.

The examples in Table A-4 illustréte how to use the Rc values in Table A-3.
This technique, consisting of the development and use of a table of critical-
rdange RC values at different concentration levels, is recommended to control .
precision. Normal control chart procedures should be followed as in Section

A 3.1 regarding identification and verification of the table. The table should
be updated periodically as additional, or more current, data become available,
or whehever'the'basic analytical system undergoes a.major change. 1If any dif-
ference between duplicate analyses exceeds the critical—réﬁge value for the
_appropriate concentration level, then énalyses Qust be stopped until the prob-
lem 1is identified and resolved,'énd the frequency should be anreased for the
next few precision checks. After resolution, the problem aad its solution

must be documented, and 4ll analyses since the last in-control chgck must'bé

repeated or discarded.
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A.4 Recommended Laboratory Quality Assurarce Program

A minimum laboratory quality assurance program should include control pro-

cedures for each parameter as described in the following sections.

A.4.1 Standard Curves

A new standard curve should be established with each new batch of reagents,

using at least seven concentration levels,
A.4.2 Quality Control Checks for Each Analytical Run

With each batch of analyses, the following tests should be run:

a. One blank on water and reagents.

Table A-4

Critical Range Values for Varying Concentration

Levels
, Condition
Parameter Duplicates R _ .EE R= Rc of System
BOD (mg/l) 20 and 24 4 6 Yes Normal
Chromium (pg/l) 60 and 75 15 12 No Out-of-control
Copper (ug/1) 46 and 51 5 1S Yes Normal
T —————

This Rb value is used because (46 + 51)/2 = 48.5, which is be-
tween 25 and 50.

. One'midpoiht standard.

1o

. One splke to determine recovery.
d. One set of duplicate anélysis.u
The results from b through d should be compared with préevious in-control data

by using the appropriate technique recommended in section A.3.

A.4.3 Interlaboratory QC

An interlaboratory QC program would require each laboratory to do the following:

4. Analyze reference-type samples to provide independent checks on the

A-13
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analyt}cal system. These may be available from EPA as QC samples, from
‘ the National Bureau of Standards as standard reference materials, or
from commercial sources. If performance limits are not provided, the
results should fall within the routine limits of each laboratory for

a staﬂdard at a level comparable to the specified true value.

Participate in performance evaluation and method studies as available

jor

from the American Society for Testing and Materials, and from other

agenciesf‘
A.5 Outline of a Comprehensive Quality Assurance Program

In the following discussion the symbols used represent the results of analysis

according to the scheme:

>
1

1 first replicate of sample A

AZ = second replicate of sample A

- B = sample taken simultaneously with sample A
‘ BSF = field spike into sample B
BSL = 1abofatory spike into sample B
DF = field spike into distilled water

DL = laboratory spike into distilled water

true value for all spikes

SL

necessary. All other analyses must be.done simultaneously.

The laboratory spikes B and DL are the only analyses that may not be

A.5.1 Steps for the Field Personnel

A comprehensive quality assurance program would include the following steps

for each parameter in the monitoring study:

a. Take independent simultaneous samples A and B at the same sampling
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point. Depending on the parameter, this might involve side~by-side
grab samples or composite samplers mounted in parallel.

Split sample A into the equal-volume samples Al and AZ .

Split sample B into equal volumes and add a spike T to one of them;

the latter sample becomes sample BSF . As with all spikes, the addi-

tion of T should approximately double the anticipated concentration
level.

Add the same spike T to a distilled water sample furnished by the

laboratory and designate this sample as DF .

These samples must be treated in the same way as routine samples; i.e., -the

volume, type of container, preservation, labeling, and transportation must be

the same for all.

A.5.2 Steps for the Laboratory

-The laboratory personnel should perform the following steps for quality

assurdnce:

a. Analyze the blank and midpoint standard recommended in section A.4.

jo
.

If results are unsatisfactory, resolve problems before continuing.
Analyze sample DF' If the percent recovery of T 1is unsatisfactory
(see gection A.3.1), create a similarly spiked, distilled-water.sample
DL and analyze to test for a systematic error in the laboratory or
fundamental proglems with the spike.  If the percent.recovery of T
from .DL is'satisfactory, any systematic error occurred before the
samples reached the laboratory.

Analyze saﬁples B and _ESF . If B ‘is-below the detection.limit..
or 1f B 1is greater than 10T or less than 0.IT , disregard the re—'
mainder 6f this step ana proceed to step d. TIf the percent recovery of

T from BSF 1s unsatisfactory (see section A.3.1), spike an aliquot
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of sample B the same way in the laboratory so that a similar recovery

can be anticipated. Analyze this sample BSL to test for immediate
. interferences or a bad background result B . If the percent recovery
from BSL 1s satisfactory, then the interference must require a longer

delay before analysié, or other special condit;ons not present Iin the
laboratory,'in order to have a noticeable effect upon recovery of the
spike;' N

d. Analyze“A1 and Az - If the absolute (unsigned) &1fference between
these reéulfs exceeds the critical value (see section A.3.2), then pre-
cision is out of control.

e. Calculate the absolute difference between A1 and B . If it is unsatis-
factory (see section A.3.2), the field sampling procedure did not provide
representative samples. . . _. e e

If initial results at eéch of the laboratory steps were satisfactory, then the

validity of the related data has been indisputably established. If results at

' -any Step are unsatisfactqry, résolﬁtibn depends upon the problem identified.

Laboratory problems may just requirg that the analyses be repeated, but field

problems will usually require new samples. Figure A-3 1is intended to clarify

the interdependence of the preceding laboratory steps b through-e.

In figure A-3 it wust be noted that there is no way to identify additive
sample interferences; i.e., those that have an equal effect upon the background-
plus-spike results (BSF.or BSL) and the background result B . Recovery of a

spike will not show such interferences.

Problems causing systematic errors that may. occur Iin the field include the
following:
a. Contaminated preservative, distilled water, or containers.

b. Contamination by sampling personnel.
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[1000, /7 wiTHIN OC LIMITS?] )

No . Yes l .
[1000, /7 WITHIN QC LIMITS?] [3<OETECTION LIMIT, 5 <0.17, 0r 8> 1677
Yes I No .
{ 1 . ) Yes No
svsTemaTic| [sYSTEMATIC
ERROR IN ERROR IN THE ,
THE FIELD LABORATORY A, - Ayl Yes 10085 - BNT
OR BAD SPIKES WITHIN QC |+ WITHIN QC LIMITS?
LIMITS?
Yes ™ 1 No
| I t No
ves |1 -8 EXCESSIVE |
DATA WITHIN QC DEVIATION
VALID LIMITS? BETWEEN
REPLICATE |~ . - 100185, - BNT
No ANALYSES WITHIN QC LIMITS?
No l Yes.

IMMEDIATE MULTIPLICATIVE MULTIPLICATIVE SAMPLE INTERFERENCES
::?&,sgsg'::ss.%%vg\:gﬁ%us SAMPLE INTERFERENCES THAT REQUIRE A LONG TIME PERIOD
SAMPLES OR BAD BACKGROUND RESULT|| OR SPECIAL CONDITIONS TO HAVE A
NOTICEABLE EFFECT UPON RECOVERY
S OF THE SPIKE

Figure A.3. Procedure for evaluating QC data from a monitoring study.




€. Daterioration through holding time or use of an ineffectual preserva-

‘ tion technique.
d.

Use of a bad field-spiking procedure.

A.6. Related Topics

A.6.1 Advanced Laboratory Automation and its Effect on QC

Advanced laborgtory automation systems.under.development analyze samples auto-
matically and Ose a control computer to interpret the resulting data and produce
an analytical rggért. The primary benefits of such a Systéé are not only that
the data-recording and calculation érrors common to manual analyses have been
inherently eliminated, but also that extensive QC can be accomplished quite
easily and cheaply. The compﬁter can be programed to automatically recognize
different kinds of QC samples and to establish or recall appropriate control

limits. Thus the QC overhead is reduced considerably and QC procedures

previously too costly or complex become practical.

' As an example qf a QC procedure that is considered impractical for manual use,
regression could be used to determine the relationship between concentration
change and the accuracy and precision statistics discussed earlier. Using
these relationships, very responsive, single accuracy and precision charts
could be deyeloped for each parameter. As computer-assisted analysis becomes
common, automated laboratories will veryﬁlikely replace the manual procedures
‘recommended earlier in this chapter with evaluation criteria based upon

‘regressions.
A.6.2 Method Comparability (Equivalency)

Requirements for method comparability are under development for proposed

alternatives to the methodology specified in Public Law 92~-500, section 304(g).
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A final version of these requirements should be available at a later date.
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APPENDIX B*

QUALITY ASSd;ANCE EVALUATION CRITERIA CHECKLIST FOR
PROPOSALS AND GRANT APPLICATIONS OFFERING
SAMPLING AND ANALYSIS SERVICES

Scoring Numerical Individual .

Criteria Value Xx Weight = Score
A. Quality assurance management policy/written procedures.
la. Does the offeror have an X 5 =
on-going QA program?
2a. Does the offeror have a written X 4 =
QA manual that he will make
available for review?
3a. Has the offeror designated : X 3 =
a QA coordinator or a QA
supervisor who reports to senior
management levels?
4a. Does the proposedAproject hanage- o X 2 =
ment structure provide for
adequate QA?
Sa. Will a project specific QC plan X 1 =
be prepared before commencement
of sampling and analysis?
Total Score for Sub-element A.
Maximum Possible Score 75

Percent of maximum possible score awarded for Sub-element A. (ciréle
closest value). ) ‘
0% 20% 40% -- 60% 80% 100% .

'chre for this sub-element of the proposal evaluation criteria (circle
corresponding value).
0 1 2a - 2b 3 4 5

Source: Stratton, C. L. and Bgnds, J. D., "Quality Assurance Guide-
lines for IERL-CI Project Officers," EPA-600/19-79-046, U. S. Environ-
mental Protection Agency, Cincinnati, OH 45268, December 1979.



APPENDIX B (coatinued)

Criteria

Scoring
Value

Numerical
Weight

Individual
Score

B.

1b.

2b.

3b.

4b.

Sb.

6b.

7b.

Percent of maximum possible score awarded for Sub-element B.

Are sampling locations chosen
to assure representative samples
will be taken?

Will the proposed sampling
program yield data of statisti-
cal significance as appropriate
to the objectives of the project
(e.g., replicate samples,
background samples, etc., should
be discussed)?

Does the offeror show an under-
standing of the proper techniques
used to collect representative
samples while av01d1ng sample
contamination? :

Does the offeror have access to
the appropriate sampling
equipment?

Are samples to be shipped
promptly to the laboratory to
meet maximum sample holding
time limitations?

Are appropriate sample preserva-
tion methods proposed?

Are sample chain-of-custody

procedures described?

Quality assurance procedures for sampling.

- Total Score for Sub-element B.

Maximum Possible Score _

closest value).

0%  20% 40%  --

60%  80%

100%

—————

75

(circle

Score for this sub-element of the proposal evaluation criteria (circle
corresponding. value).

0 1 2a 2b

3

5
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APPENDIX B (continued)

Scoring  Numerical Individual
Criteria Value Xx Weight Score

C. Quality assurance procedures for analysis.

lc. Does the offeror intend to use X 3 =
standard analytical methods <
where available? If standard
methods are not available, will
the mthods used be documented?

2c. Does the offeror have a labora- X 4 o=
‘tory QC program which specifies
at least 5-10 percent sample
replication and 5 percent spiked
sample analysis?

3c. Is high quality analytiéal X 2 =
instrumentation available for
use on the project?

bc. Are laboratory facilities - , X 2 =
adequate? '

5c. Are analytical detection limits X 2 =
adequate for the purposes of
the project?

6c. Does the offeror participate X 2 =
in EPA and/or other interlabor-
tory QC programs?

Total Score for Sub-element C.

Maximum Possible Score 75

Percent of maximum possible score awarded for Sub-element:C. (circle
. closest value).

0% 20% 40% --. 60% 80% 100%

Score for this sub-element of the proposal evaluation criteria (circle
corresponding value). -
o 1 2a 2b 3 4 S
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APPENDIX B (continued)

Criteria

Scoring
Value

X

Numerical
Weight

Individual
Score

D.

1d.

24.

3d.

4d.

5d.

6d.

Percent of maximum possible score awarded for Sub-element D.

Does the offeror possess
appropriate data handling,
processing, and retrieval
capabilites?

Will QC data (e.g., standard

curves, duplicate results, spike

sample results) be maintained and
be accessible to the Project
Officer?

Does the organization routinely
maintain analytical performance
records such as quality control
charts?

Are all laboratory results and
QC data reviewed by laboratory

supervisory personnel?

Are alldata and records retained
for a minimum of 3 years:

Are field notebooks used to

record sampling and engineering

data (e.g., sample number, date/
time of collection, flow,
operating conditions, etc.)?

Total Score for Sub-element D.

X

Quality assurance procedures for data management.

ﬂaximum Possible Score

closest value).

0% 20% 40% -~

60% 80%

100%

75

(circle

Score for this sub-element of the proposal evaluation criteria (circle
corresponding value).

0 1 2a 2b

3

5
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N A DEPARTMENT OF THE ARMY. ETL 1110-2-309-
% . U.S. Army Corps of Engineers x5

CEEC-EH-W- . . Washington, D.C. 20314-1000
oL e : . :

engineer Technical

ik
s
I}

"'—. 1S,

laboratones performmg am1§5&3 for water and- wastewaﬁer pro:]ectxwhave
_required @pability, are -following accepted quality control’ procedures- ar

1nspect1ons of &inerc;.al laborat:ones engaged im: the. chenucal and phys1ca‘fk‘-'
analysis of envxronmental;samples of water, wastewater, and related.med1af£b'
n S . N g

using methods: consistent with those contained in documents listed:in Fnclosure'

"1 orrin oontract: specifications., Difficulties arising during laboratory
- inspections are frequently a result of deficient program or contract

specifications.

6. Laboratory Inspections,

a. General. Inspections should be performed prior to the initiation of'
laboratory testing (or award of cor;trqgt) and at appropriate intervals .
thereafter., . Following each inspection, a report covering observations and*"
recommendations should be provided to the district comander and will _
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testing, a completed laboratory evaluation checksheet, and a sunmary of
. findings with specific recommendations.. JIf satisfactory performance on 7%
< audit samples is a contract requn:ement, an: evaluation of - (:he results should,-:-«
O be xncluded in the report : . Sk

prog}:an.arﬁ oont::act specxfxcatlonsrshould be -made ta: determxne r'._A ‘rems
fon"‘\f]_e]_d ‘sSampling and analgﬁsis.g\i.ﬂ nspor:Eatlon and handIinq of saihg‘les, N
ﬁlaboratony analysas,rfacrhf:‘x "an&‘ 1pment',£ personnel ,1" reportmq and‘- >‘ 2%

Z&déecmﬁesmaterlal’ ’
R :

arranganents should be. made for-a "schedule’ that Wil havey _“;mnumx;aquimpact.
"on routme act1v1t1&s, alIow observatlon of a’ var1ety§ :of” t&ts m*act;xal

;‘evaluatlon survey ‘to' determine" the laboratory's- ab111ty f:crzmeet program
- . requirements: or contract spec1f1cat10ns. - Al \checksheet‘ 1s—pre£ented: in
_Enclosure:3 ito:aid ifr this evaluation.: It may:| be: necessary‘-to.—' add: or delef:e
items based on’ ‘individual program-needs..: Note: aIso that! much’” of ~the.-
nformanon in. Enclosure 3 may be- obtamed before the 1nspect10n,‘ elthet a

.7:

‘off‘ laBoratomes* mvolve& nd:ana’ Frequ X % ¥
2 : bytt-}\é;mdf\iidu BT T
; ,_fnspection program.‘ All of: -the. 1nfor1natiorr.ou; ned', Z -
re&'for" each.{nspection;: while: additional: informationindy; beit

. -samecases’f: Contracts' must’ often be written: which requizes ‘
- smte—of:ﬂié%??a'tt? pro‘cedures‘ and’ this may cause’$some contracts toB¥e¥less
specific ‘thaniothers::, Bstabhshed methods often- allow some: discreti‘on on
th& part-of  the-analyst. . ORI ) o

 DATE REC'D:2-37-6# NO. CYSREC'D: /0 B ST

‘ ' DISTR: File oy.L0-7 & 0-w E‘Jl‘ﬂ'é;o;@ 50-:1 L . . ".

. . doS cuA eod pPog o <
z g «'.y’ wy : ; ! I
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EXP YRS vx\,«uut J*qffvga\;‘ :
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CONTRACT, PROJECT, OR PROGRAM SPECIFICATIONS SUMMARY
(For Bach Individual. Contract,. Project, o:.Program)

gl

Note: The above outline  is a quide and  its contents should not be
construed as the only requirements that exist in a contract, project,
] or program. Any other pertinent. information not covered in 3a-3b
.- should be noted under 3c, Other Requirements.

.
.
Tt
(34
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In add1t1on, new: equ1pment can make procedures unnecessary that: were
previously mandatory... In- view:of: these considerations, inspections should be
carried out by personnel qualified:in. labo:atory techniques and*knowledgeable:s

regardmg acceptable alternative- tnethods. AL

FOR THE CI»QQUG)ER’

Chief;. Engmeenng ‘Divisio
Dn:ectorate. of 'Engineeri

'(“' N
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L.. ' ORGANIZATION OF PERSONNEL. S e

x 2

Same petsonnel may OcCcupy more than one-position, particularly in snall
laboratories. The recaommended minimumn-standards. for. the -laboratory. - 2
director/manager are a bachelor of science degree and 5 years expenence
The recommended minimum standards-for: the chief analyst directing. the
t:est:mg opex:atlons are a.bachelors degee in. chemstry and- 2-3 years

'expenence in analyses bemg pe.:fozmed

L,
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'vMost analysts should. have a minimum bachelor of science degree in .
el lstry or closely related laboratory science and at least one-year's "
; n’gipénenoe oerformmg ‘the analyse& required-in the contract.. Personnel e

_Spectrometers should have a minimum-: of two and three year's expenence,
Arespectlvely. Same laboratories make- extensive use of technicians.

Their work...should. be: performed undex: ‘the dn:ectlon of a chemlst or
~ seruor analyst

Names -
.-+ FEducation:.
e Experience:.
o Analyses Perfomed

B b., Naﬂe.;. " L. - O - Lo
Education:.
Experience:.
Analyses Performed:

Education:

7('; Analyses PérfBzmed '

3-3
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3. SUMMARY OF PERSONNEL

a. "o the personnel ass1gned to this project have aporoprlate i o
educational background and experience to successfully fulfill thxs i
contract? Explam. S .':.f R

Is the laboratory adequately staffed to meet- tm\e requi: ements-_

B Rl e

. Were pertment personnel avallable for mterv1ew durmg the
mspectmn? .

: Are training: programs. in.effect to keep analysts current in
o mstrumentatlon, procedures and ‘quality control?

Are personnel adequately tralned in safety procedures” -

Other coments regardmg personnel




RV

Does the contract: soec1fy sampling by the 1aboratory’>

- -i'\ _‘.'r -

.’ﬁ Tt
o what samplmg methods al:e bemg used"

k.?,,,f}}rer blind duplicate“and sp).ke*samples prepare&rfn the«fl.eld £
nalys1s? Are field b1anks~ used? A e

T A Are. cham-of-custody procedures being followed if this " is
requn:ed in the contract?

m. Other conmentq regardmg samplmg

K.

AR

v
N
.

i)
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-

If any analyses are to be subcontracted to another. laboratory a

-ééoarate :site mspection 1s requn:ed to evaluate the subcontzactor 'S
crapab1ht1es. o

: ‘-‘*i
el

ﬂxaintax
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LABORA’IORY E‘ACILITIES

a,-.‘... g

o miee e Jo—

\g,%a‘"‘ Is the laboratory mamtamed in-a. cleun and.eff1c1ent manner"

Does the 1aboratory have ;safet}r,devmes
sp).ll cont_rol klts, etc?

LG ' s Pt :
s S ¢- 5 sufficient,glasware avarlable to! handIe sampl
specxfied‘ in ‘the; contra_\ct? Lo :

;1. . Ts” volm\etnc glassware of:' classc "A" quality?

m. Are instructions for glassware cleamng posted near the wash