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4 
WATER QUALITY MONITORING PLAN FOR AIR FORCE PLANT 4  

1.0 BACKGROUND 

Annual groundwater monitoring activities have been conducted continuously at 
Air Force Plant 4 (AFP 4) since 1983. Hargis + Associates, Inc., under 
contract to General Dynamics was responsible for groundwater monitoring until 
January, 1990. Chem Nuclear Geotech (formerly UNC Geotech) assumed the 
responsibility for continued monitoring in February, 1990. Phase 01 of Task 
02 consisted of a thorough review of the Hargis + Associates, Inc. (1989b) 
monitoring plan and revision of the plan as required. In the process of 
reviewing the previous monitoring practices and results, Chem Nuclear Geotech 
(Geotech) found numerous problems that needed further investigation before a 
monitoring plan could be developed. Because of a multitude of problems with 
completion of the monitoring wells and records of completion, a thorough 
review of all monitoring wells was conducted. A description of monitoring 
well completions and associated problems identified for each well is presented 
in Appendix A. The information is summarized in Table 1. These data provide 
the basis for the proposed monitoring plan. 

The following monitoring recommendations are the result of an extensive 
evaluation of previous monitoring activities at Air Force Plant 4. On the 
basis of this evaluation, monitoring wells were placed in the following 
categories: 

Priority I- The minimum wells recommended for monitoring to satisfy the 
monitoring plan objectives. These wells were selected on the basis of 
location (boundary wells, wells upgradient or downgradient of 
hazardous waste sites, off-site wells), on the basis of recent changes 
in water quality, or on the basis of proximity to drinking water supply 
sources. 

Priority II- Wells that can be used in the future to satisfy monitoring 
plan objectives. These wells, although not considered critical, should 
be added to the monitoring program as required. 

Priority III- Lower priority wells that may be monitored in the future 
only if conditions warrant. These wells are not currently considered 
important for routine monitoring. 

The remaining wells were not considered for continued monitoring for various 
reasons and many have been recommended for abandonment. Abandonment 
recommendations were also prioritized as follows: 

Priority I- Contaminated wells that pose a serious risk to the Paluxy 
Aquifer or off-site receptors due to poor well design or construction. 

Priority II- Contaminated wells that are poorly constructed but do not 
presently pose a significant risk to the Paluxy aquifer or off-site 
receptors. 

Priority III- Poorly constructed wells that are not presently 
contaminated but could present a significant risk in the future due to 
contaminant migration. 
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2.0 MONITORING OBJECTIVES  

The objectives of the water quality monitoring program are to: 

- monitor changes in water quality upgradient and downgradient of hazardous 
waste sites over time; 

- monitor the movement of contaminant plumes; 

- assess the migration of contaminants across the boundaries of the AFP 4 
site; 

- monitor changes in water quality of the Paluxy aquifer beneath the site; 

- detect threats to water quality as early as possible so that corrective 
actions can be taken; 

- monitor changes in water levels in wells; 

- monitor changes in free-product thicknesses in selected wells known or 
suspected to contain free product; and 

- monitor off-site water quality (White Settlement water supply wells). 

3.0 MONITORING SCOPE 

A total of 20 wells will be sampled quarterly in fiscal year 1991 (Figure 1 
and Table 2). The sampling locations were determined by considering the 
magnitude of groundwater contamination at each site, the quality of individual 
monitoring well completions, and the reliability of previous data from each 
well. Depth to water and free product will be measured in wells before 
samples are collected. Temperature, pH, and electrical conductivity will be 
determined in the field prior to collecting samples for laboratory analysis. 
As the need arises, water levels and free-product thicknesses can be measured 
in wells that are not scheduled for sampling. The following sections describe 
the types of sampling locations selected and how each type of location will 
meet the specific objectives established for the monitoring program at AFP 4. 
For some locations, the same monitoring well will be used to satisfy more than 
one objective. 

3.1 BOUNDARY WELLS 

A total of 9 boundary wells were chosen to aid in monitoring plume migration 
from hazardous waste sites to the AFP 4 boundary in addition to monitoring 
current off-site contaminant migration. Two additional existing boundary 
wells (F-208 and HM-107) will be sampled during RI/FS field investigations 
(Geotech, 1990b). Those wells are as follows: 

6 

57 9
2.0 MONITORING OBJECTIVES

The objectives of the water quality monitoring program are to:

- monitor changes in water quality upgradient and downgradient of hazardous
waste sites over time;

- monitor the movement of contaminant plumes;

- assess the migration of contaminants across the boundaries of the AFP 4

site;

- monitor changes in water quality of the Paluxy aquifer beneath the site;

- detect threats to water quality as early as possible so that corrective
actions can be taken;

- monitor changes in water levels in wells;

- monitor changes in free-product thicknesses in selected wells known or
suspected to contain free product; and

- monitor off-site water quality (White Settlement water supply wells).

3.0 MONITORING SCOPE

A total of 20 wells will be sampled quarterly in fiscal year 1991 (Figure 1
and Table 2). The sampling locations were determined by considering the
magnitude of groundwater contamination at each site, the quality of individual
monitoring well completions, and the reliability of previous data from each
well. Depth to water and free product will be measured in wells before
samples are collected. Temperature, pH, and electrical conductivity will be
determined in the field prior to collecting samples for laboratory analysis.
As the need arises, water levels and free-product thicknesses can be measured
in wells that are not scheduled for sampling. The following sections describe
the types of sampling locations selected and how each type of location will
meet the specific objectives established for the monitoring program at AFP 4.
For some locations, the same monitoring well will be used to satisfy more than
one objective.

3.1 BOUNDARY WELLS

A total of 9 boundary wells were chosen to aid in monitoring plume migration
from hazardous waste sites to the AFP 4 boundary in addition to monitoring
current off-site contaminant migration. Two additional existing boundary
wells (F-208 and HM-107) will be sampled during RI/FS field investigations
(Geotech, l990b). Those wells are as follows:

6



C O 

co O 
0 

- 4 c- 

m  
cnz -10 

—z z 
am 

Di C 
a 

a 

z 

• 
I 

10
1

 ON
D*

N
d

 1S
V

3 
07 

e
rm

in
e

  A
l8

P1
3S

SV
 

	I 

UI 

	 I 

• 

2 

t'
oN

 

0 
••••1 
•  

- 4 

z 
0 

c-
oN

  -
n

u
a 

57 10 

► • • 

1:1 	* '0 
X1 	4Ti 
CD 	r-r- 

  o 
u) 

rTI 0 p 	H 
* vrn 

* 
 

ril- Z 
r-  

<c m U) cn 13  
r' 

C75 frI 0 
> 
-4 ED 

m 0 c  
Z X 

0 - 
Z z 

4  
0 
X1 

r— 

C) 
n-t 
z 

CLIFFORD AVE. 

O 
rn 

z 
O 

z 

0 
'-I 

N
 

7 

—
T

h 
F

IG
U

R
E

 
1. 

LO
C

A
T

IO
N

 
O

F
 Q

U
A

R
T

E
R

LY
 

M
O

N
IT

O
R

IN
G

 
W

E
LLS

 A
T

 A
F

P
 4 

LE
G

E
N

D
 

• 
P

R
IO

R
IT

Y
I W

E
LLS

 (T
o B

E
 M

O
N

IT
O

R
E

D
) 

• 
W

E
LLS

 T
O

 
B

E
 S

A
M

P
LE

D
 

D
U

R
IN

G
 

R
I/E

S
 F

IE
LD

 
IN

V
E

S
T

IG
A

T
IO

N
S

 

A
 

PR
IO

R
IT

Y
 U

 W
E

LLS
 

C
H

R
O

M
E

 P
IT

 P
lo.3 

F
—

22c 

IIT
 

IL:—
 

S
C

A
LE

 
IN

 F
E

E
T

 

F
D

T
A

 N
o.2 

A
S

S
E

M
B

LY
 B

U
ILD

IN
G

 

_____ 
Q

R
A

N
T

h' 
L

A
N

E
 

103 
E

A
S

T
 

P
A

R
K

IN
G

 
L

O
T

 

L 

H
M

—
93 

II 

JE
T

 E
N

G
IN

E
 

1 T
E

S
T

 S
T

A
N

D
 

H
M

—
1 10 

A
 

H
M

—
123 

H
M

—
1 19 

\ 
J 



Table 2. Minimum Recommended Monitoring Well Sampling for AFP 4 

57 11 

Trip Blanki 
2 Fid BInk 

Eci Blank 	 0 	0 	0 

Well # 	VOCs 	SemiVOCsi 	TPH 	0 & G 	,Chromiump00 Level 

F-207 	Q 	 Q 	Q 	Q 	Ill 

F-215 	0 	 0 	: 	0 	. 	III 

HM-93 	0 	 ' 	Q 	HI 

HM-99 	0 	 . 	0 	. 	III 

HM-104 	 H 	 III  

HM-115 	:0 	 i 	0 	0 	i 	0 	', 	III 

HM-119 	: 	0 	 : 	0 	0 	, 	0 	III 
. 	 ,  

HM-121 	: 	0 	 :0 	t:a'Ca 	III 

HM-122 	0 	 .. 	0 	0 	0 	' 	III 
HM-123 	0 	 0 	0 	. 	0 	III 
HM-125 	0 	 : 	0 	0 	0 	' 	Ill 
P-9US 	Q 	 a 	IV 
P-9UN 	: 	0 	a 	 IV 
P-11U 	i 	0 	a 	a 	a 	, 	 IV 
P-12M 	0 	0 	0 	a 	 IV 
P-16U 	0 	 . 	IV 

P-16US 	i 	0 	 0 	IV 
P-22U 	0 	 IV 

P-22M 	0 	 IV 
 

Field Dup i 	Q  

. 	 . 

, 

"= Duplicate all analyses for the particular well the sample is from  

0= Quarterly sampling 

' 

8 

Table 2. Minimum Recommended Monitoring Well Sampling for AFP 4

[Well # vpçSemiVOCsTPH O&G ChromiumCQOLeveI
F-207 0 0 0 0 : Ill.

Q Ill
M-1•O .

. . : III

HM-93 Q Q III

HM-99 "
HM-104 Q

19
HM-121 0

H .. °. ..

Q ill•. ..

0 0 0 II!

HM122 0 0 0 0 DI

HM-123 0 0 0 0 DI

HM-125 0 0 0 0 III

p-gus a . a
P-SUN 0 0 IV
1.U

:...2M.
P-16L) 0

0
;

0 Iv
1Y

: IV
iP-16US 0

.

0 IV
P22U 0 IV
P-22M 0 , IV
Fied Dup 0 l I

EqBlank . . a.. .,
Trip Blank 0 :

2FIdSlnk5 a
Duplicate all analyses for the particular well the sample is from

0= Quarterly sampling

8
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57 12 
HM-104; see 3.2.12 Assembly Building/Parts Plant Perimeter 
HM-115; see 3.2.16 Eastern Flight Line Area 
HM-119; edge of northern TCE plume in northern Flight Line Area 
HM-121; see 3.2.16 Eastern Flight Line Area 
HM-122; see 3.2.16 Eastern Flight Line Area 
HM-123; see 3.2.16 Eastern Flight Line Area 
HM-125; see 3.2.16 Eastern Flight Line Area 
P-11U; see 3.3 Paluxy wells 
P-12M; see 3.3 Paluxy wells 

3.2 HAZARDOUS WASTE SITES 

All previously identified hazardous waste sites at AFP 4 were evaluated for 
inclusion into the monitoring program on the basis of: 

- the nature and extent of contamination at each site; 

- the quality of existing monitoring wells at each site; 

- the availability and quality of existing data; and 

- the location of the site in relation to potential environmental 
receptors. 

An upgradient and a downgradient monitoring well were selected from hazardous 
waste sites where properly completed wells exist. The following section 
describes the rationale used in well selection. The concentrations of 
contaminants listed below for each well are the maximum levels detected 
(Hargis + Associates, 1989a). 

3.2.1 Landfill No. 1: F-215 (upgradient, contaminated with 1500 ppb TCE, 150 
ppb TCA, 240 ppb DCE, 0.3 mg/L oil and grease, and 0.14 mg/L chromium); 
HM-10 (downgradient, contaminated with 690 ppb TCA, 520 ppb DCE, 53 ppb 
TCE, and 7 ppb DCA). 

3.2.2 Landfill No. 3: Currently, there is a lack of good monitoring wells in 
this area. The temporary monitoring wells installed during the RI/FS 
field investigations should be considered for addition to the monitoring 
program. 

3.2.3 Chrome Pit No. 1: Presently, there are no monitoring wells in this 
area. New wells installed during RI/FS field investigations inside the 
Parts Plant/Assembly Building in the vicinity of Chrome Pit No. 1 should 
be added to the monitoring program. 

3.2.4 Chrome Pit No. 2: There are no good monitoring wells presently in this 
area. New wells installed during RI/FS field investigations inside the 
Parts Plant/Assembly Building in the vicinity of Chrome Pit No. 2 should 
be added to the monitoring program. 

3.2.5 Chrome Pit No. 3: During RI/FS field investigations, well F-220 will 
be sampled. It is unclear whether this well is upgradient or downgradient 
of Chrome Pit No. 3 because Geotech's data show that it is upgradient and 
Hargis + Associates' data are unclear as to whether it may be 
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HM-104; see 3.2.12 Assembly Building/Parts Plant Perimeter
HM-ll5; see 3.2.16 Eastern Flight Line Area
HM-ll9; edge of northern TCE plume in northern Flight Line Area
1-IM-l2l; see 3.2.16 Eastern Flight Line Area
HM-l22; see 3.2.16 Eastern Flight Line Area
HM-l23; see 3.2.16 Eastern Flight Line Area
1*1-125; see 3.2.16 Eastern Flight Line Area
P-llU; see 3.3 Paluxy wells
P-12M; see 3.3 Paluxy wells

3.2 HAZARDOUS WASTE SITES

All previously identified hazardous waste sites at AFP 4 were evaluated for
inclusion into the monitoring program on the basis of:

- the nature and extent of contamination at each site;

- the quality of existing monitoring wells at each site;

- the availability and quality of existing data; and

- the location of the site in relation to potential environmental

receptors.

An upgradient and a downgradient monitoring well were selected from hazardous
waste sites where properly completed wells exist. The following section
describes the rationale used in well selection. The concentrations of
contaminants listed below for each well are the maximum levels detected
(Hargis + Associates, l989a).

3.2.1 Landfill No. 1: F-2l5 (upgradient, contaminated with 1500 ppb TCE, 150
ppb TCA, 240 ppb DCE, 0.3 mg/L oil and grease, and 0.14 mg/L chromium);
1*1-10 (downgradient, contaminated with 690 ppb TCA, 520 ppb DCE, 53 ppb
TCE, and 7 ppb DCA).

3.2.2 Landfill No. 3: Currently, there is a lack of good monitoring wells in
this area. The temporary monitoring wells installed during the RI/FS
field investigations should be considered for addition to the monitoring

program.

3.2.3 Chrome Pit No. 1: Presently, there are no monitoring wells in this
area. New wells installed during RI/FS field investigations inside the
Parts Plant/Assembly Building in the vicinity of Chrome Pit No. 1 should
be added to the monitoring program.

3.2.4 Chrome Pit No. 2: There are no good monitoring wells presently in this
area. New wells installed during RI/FS field investigations inside the
Parts Plant/Assembly Building in the vicinity of Chrome Pit No. 2 should
be added to the monitoring program.

3.2.5 Chrome Pit No. 3: During RI/FS field investigations, well F-220 will
be sampled. It is unclear whether this well is upgradient or downgradient
of Chrome Pit No. 3 because Geotech's data show that it is upgradient and
Hargis + Associates' data are unclear as to whether it may be
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crossgradient or downgradient. F-220 is contaminated with 220,000 ppb 
TCE, 300,000 ppb 1,1,1-TCA, 3,500 ppb trans-1,2-DCE, 20 mg/L oil and 
grease, 15 mg/L total petroleum hydrocarbons, 0.56 mg/L chromium, and 2.7 
mg/L cyanide. 

3.2.6 Die Yard Chemical Pits: Presently, there are no good monitoring wells 
in this area. One multiple-level monitoring well with three sampling 
ports will be installed during RI/FS field investigations and should be 
considered for inclusion in the monitoring program. 

3.2.7 Fuel Saturation Area No. 1: F-207 is downgradient of FSA No. 1 and 
"upgradient" of Landfill No. 1; and contaminated with 4,200 ppb 1,1,1-TCA, 
65 ppb TCE, 4,900 ppb trans-1,2-DCE, 47 ppb 1,1-DCA, 3,200 ppb 1,1-DCE, 63 
ppb benzene, 0.2 mg/L oil and grease, and 0.03 mg/L chromium. New wells 
installed during RI/FS field investigations should be added to the 
monitoring program in the future. 

3.2.8 Fuel Saturation Area No. 2: Presently, there are no good upgradient or 
downgradient monitoring wells in this area. New wells installed during 
RI/FS field investigations should be added to the monitoring program in 
the future. 

3.2.9 Fuel Saturation Area No. 3: During RI/FS field investigations, well 
F-208 will be sampled. It is unclear whether this well is upgradient of 
FSA No. 3 because Geotech's data show that it is upgradient and Hargis + 
Associates' data show that it is crossgradient. Previous data indicates 
that this well is clean. New wells installed during RI/FS field 
investigations should be added to the monitoring program in the future. 

3.2.10 Jet Engine Test Stand: During RI/FS field investigations, well HM-107 
will be sampled. It is downgradient of the Jet Engine Test Stand, clean 
except 8 mg/L benzene and 6 mg/L carbon disulfide, and a boundary well. 
No upgradient wells presently exist in this area. The new conventional 
nested monitoring wells that will be installed during RI/FS field 
investigations should be added to the monitoring program in the future. 

3.2.11 Wastewater Collection Basins: Presently there are no good upgradient 
or downgradient monitoring wells in this area. The new multiple-level 
monitoring well with three sampling ports that will be installed during 
RI/FS field investigations should be added to the monitoring program in 
the future. 

3.2.12 Assembly Building/Parts Plant Perimeter: HM-104 is a boundary well 
containing 24 ppb TCE. Geotech data show that it is upgradient of AFP-4 
but Hargis + Associates' data are conflicting. One Hargis + Associates 
map dated 7/89 shows that it is upgradient of AFP-4 and one dated 1/89 
shows that it is downgradient of AFP-4. 

3.2.13 East Parking Lot: HM-93 is upgradient of the Window Area and contains 
50 ppb ethylbenzene. New wells installed during RI/FS field 
investigations should be added to the monitoring program in the future. 
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crossgradient or downgradient. F-220 is contaminated with 220,000 ppb
TCE, 300,000 ppb l,1,l-TCA, 3,500 ppb trans-l,2-DCE, 20 mg/L oil and
grease, 15 ing/L total petroleum hydrocarbons, 0.56 mg/L chromium, and 2.7

mg/L cyanide.

3.2.6 Die Yard Chemical Pits: Presently, there are no good monitoring wells
in this area. One multiple-level monitoring well with three sampling
ports will be installed during RI/FS field investigations and should be
considered for inclusion in the monitoring program.

3.2.7 Fuel Saturation Area No. 1: F-207 is downgradient of FSA No. 1 and
"upgradient" of Landfill No. 1; and contaminated with 4,200 ppb l,l,l-TCA,
65 ppb TCE, 4,900 ppb trans-l,2-DCE, 47 ppb l,l-DCA, 3,200 ppb l,l-DCE, 63
ppb benzene, 0.2 mg/L oil and grease, and 0.03 mg/L chromium. New wells
installed during RI/FS field investigations should be added to the
monitoring program in the future.

3.2.8 Fuel Saturation Area No. 2: Presently, there are no good upgradient or
downgradient monitoring wells in this area. New wells installed during
RI/FS field investigations should be added to the monitoring program in
the future.

3.2.9 Fuel Saturation Area No. 3: During RI/FS field investigations, well
F-208 will be sampled. It is unclear whether this well is upgradient of
FSA No. 3 because Geotech's data show that it is upgradient and Hargis +
Associates1 data show that it is crossgradient. Previous data indicates
that this well is clean. New wells installed during RI/FS field
investigations should be added to the monitoring program in the future.

3.2.10 Jet Engine Test Stand: During RI/FS field investigations, well HM-l07
will be sampled. It is downgradient of the Jet Engine Test Stand, clean
except 8 mg/L benzene and 6 mg/L carbon disulfide, and a boundary well.
No upgradient wells presently exist in this area. The new conventional
nested monitoring wells that will be installed during RI/FS field
investigations should be added to the monitoring program in the future.

3.2.11 Wastewater Collection Basins: Presently there are no good upgradient
or downgradient monitoring wells in this area. The new multiple-level
monitoring well with three sampling ports that will be installed during
RI/FS field investigations should be added to the monitoring program in
the future.

3.2.12 Assembly Buildinz/Parts Plant Perimeter: HM-l04 is a boundary well
containing 24 ppb TCE. Geotech data show that it is upgradient of AFP-4
but Hargis + Associates' data are conflicting. One Hargis + Associates
map dated 7/89 shows that it is upgradient of AFP-4 and one dated 1/89
shows that it is downgradient of AFP-4.

3.2.13 East Parking Lot: HM-93 is upgradient of the Window Area and contains
50 ppb ethylbenzene. New wells installed during RI/FS field
investigations should be added to the monitoring program in the future.
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3.2.14 Window Area: The Walnut aquitard that separates the Upper Zone from 

the underlying Paluxy (drinking water supply aquifer), is thin to absent 
in the Window Area. All Upper Zone wells in the Window Area are 
contaminated, poorly designed, pose serious risks to the Paluxy, and 
should be abandoned. The quality of the Paluxy will be monitored instead 
(see Paluxy Wells). Wells in other areas (see HM-93, East Parking Lot; 
and HM-99, Western Flight Line Area) will be used to monitor the upper 
zone upgradient and downgradient of the Window Area respectively. New 
wells installed during RI/FS field investigations should be added to the 
monitoring program in the future. 

3.2.15 Western Flight Line Area: HM-99, Downgradient of the Window Area is 
located in the TCE plume [1,100 ppb TCE, 240 ppb trans-1,2-DCE, 6 ppb 
trichlorofluoromethane, 0.03 mg/L chromium] and is a good well to check 
for DNAPLs and LNAPLs. New wells installed during RI/FS field 
investigations should be added to the monitoring program in the future. 

3.2.16 Eastern Flight Line Area: Better definition is required for the TCE 
plume leaving AFP-4 and entering Carswell AFB. Wells in this area were 
recently installed (1989) and have not been monitored for very long. The 
TCE plume appears to split into two tongues after leaving the Window Area. 
The purpose of the monitoring program in the Flight Line Area will be to 
monitor the leading edges of the TCE plume. Two monitoring wells have 
been chosen on the edge of the southern tongue. HM-123 (3,500 ppb TCE, 
840 ppb trans-DCE) is due west of the Carswell Radian wells and HM-122 
(1,100 ppb TCE and 470 ppb trans-DCE) is on the lateral edge. HM-115 (380 
ppb TCE and 15 ppb trans-DCE) is on the leading edge of the slower moving 
center. HM-121 (550 ppb TCE, 20 ppb trans-DCE, and 30 ppb methylene 
chloride) is on the leading edge of the northern tongue. HM-125 (2 ppb 
DCE, 6 ppb methylene chloride, 77 ppb TCE) is on the leading edge of the 
slower moving center. New wells installed during RI/FS field 
investigations should be added to the monitoring program in the future. 

3.3 PALUXY WELLS  

P-9US: Parts Plant/Assembly Building Perimeter; 19' increase in water level 
last year and increase in TCE (to 7200 ppb from a previous high of 2,200 
ppb); also contains trans-1,2-DCE (12 ppb), toluene (14 ppb), and chromium 
(0.02 mg/L). 

P-9UN: Clean except 8 ppb toluene. This well should be monitored to detect 
any downward migration of TCE from the upper sand (P-9US). Will have to 
remove submersible pump and galvanized pipe. 

P-11U: Boundary well; contains toluene (70 ppb) and methylene chloride (32 
ppb). Will have to remove submersible pump and galvanized pipe. 

P-12M: Boundary well; contains toluene (44 ppb), and MEK (30 ppb). Will have 
to remove submersible pump and galvanized pipe. 

P-15U: Window Area; contains toluene (100 ppb), benzene (3 ppb), TCE (7 ppb), 
trans-1,2-DCE (3 ppb), 1,1-DCE (1 ppb), and DCA (2 ppb). 

P-16US: Window Area; contains TCE (1,500 ppb), DCE (490 ppb), toluene (14 
ppb), and benzene (82 ppb). 
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3.2.14 Window Area: The Walnut aquitard that separates the Upper Zone from

the underlying Paluxy (drinking water supply aquifer), is thin to absent
in the Window Area. All Upper Zone wells in the Window Area are
contaminated, poorly designed, pose serious risks to the Paluxy, and
should be abandoned. The quality of the Paluxy will be monitored instead
(see Paluxy Wells). Wells in other areas (see HM-93, East Parking Lot;
and HM-99, Western Flight Line Area) will be used to monitor the upper
zone upgradient and downgradient of the Window Area respectively. New
wells installed during RI/FS field investigations should be added to the
monitoring program in the future.

3.2.15 Western Flight Line Area: HM-99, Downgradient of the Window Area is
located in the TCE plume [1,100 ppb TCE, 240 ppb trans-l,2-DCE, 6 ppb
trichlorofluoromethane, 0.03 mg/L chromium] and is a good well to check
for DNAPLs and LNAPLs. New wells installed during RI/FS field
investigations should be added to the monitoring program in the future.

3.2.16 Eastern Flight Line Area: Better definition is required for the TCE
plume leaving AFP-4 and entering Carswell AFB. Wells in this area were
recently installed (1989) and have not been monitored for very long. The
TCE plume appears to split into two tongues after leaving the Window Area.
The purpose of the monitoring program in the Flight Line Area will be to
monitor the leading edges of the TCE plume. Two monitoring wells have
been chosen on the edge of the southern tongue. HM-l23 (3,500 ppb TCE,
840 ppb trans-DCE) is due west of the Carswell Radian wells and HM-122
(1,100 ppb TCE and 470 ppb trans-DCE) is on the lateral edge. HM-l15 (380
ppb TCE and 15 ppb trans-DCE) is on the leading edge of the slower moving
center. HN-121 (550 ppb TCE, 20 ppb trans-DCE, and 30 ppb methylene
chloride) is on the leading edge of the northern tongue. 1-114-125 (2 ppb

DCE, 6 ppb methylene chloride, 77 ppb TCE) is on the leading edge of the
slower moving center. New wells installed during RI/FS field
investigations should be added to the monitoring program in the future.

3.3 PALUXY WELLS

P-9US: Parts Plant/Assembly Building Perimeter; 19' increase in water level
last year and increase in TCE (to 7200 ppb from a previous high of 2,200
ppb); also contains trans-l,2-DCE (12 ppb), toluene (14 ppb), and chromium
(0.02 mg/L).

P-9UN: Clean except 8 ppb toluene. This well should be monitored to detect
any downward migration of TCE from the upper sand (P-9US). Will have to
remove submersible pump and galvanized pipe.

P-llU: Boundary well; contains toluene (70 ppb) and methylene chloride (32
ppb). Will have to remove submersible pump and galvanized pipe.

P-12M: Boundary well; contains toluene (44 ppb), and MEK (30 ppb). Will have
to remove submersible pump and galvanized pipe.

P-l5U: Window Area; contains toluene (100 ppb), benzene (3 ppb), TCE (7 ppb),
trans-l,2-DCE (3 ppb), l,l-DCE (1 ppb), and DCA (2 ppb).

P-16US: Window Area; contains TCE (1,500 ppb), DCE (490 ppb), toluene (14
ppb), and benzene (82 ppb).

11



57 15 

P-22U: Landfill No. 3; contains trans-1,2-DCE (420 ppb), TCE (150 ppb), vinyl 
chloride (77 ppb), and toluene (15 ppb). 

P-22M: Landfill No. 3; contains TCE (33 ppb), toluene (15 ppb), and 
trans-1,2-DCE (3 ppb). 

3.4 SURFACE WATER QUALITY 

Monitoring of previous creek stations will be discontinued until RI/FS 
sampling of surface water is completed. During RI/FS field investigations 
samples will be collected from around the outside of outfalls, from seeps, and 
from Meandering Road Creek. Some new surface water quality stations selected 
during the RI/FS field investigations may be added to the monitoring plan in 
the future. 

3.5 PROPOSED ADDITIONAL WELLS (PRIORITY II)  

The rationale for selecting each Priority II well is discussed below. The 
recommended analyses to be run on each sample are shown on Table 3. 

Table 3. Recommended Priority II Monitoring Well Sampling for AFP 4 

Well # 	VOCs 	TPH : 0 & G Chromium000 Level! 
1F-211 	 0 	 ' 	0 	! 	III 
!F-213 	0 	 III 
F-218 	 a 	 0 	III 
1F-219 	0 	1 	 1 	0 	. 	lIl 
1F-221 - 	0 	0 	0 	 ; III 
HM-103 a 	 a : a ! in 
iHM-110 	a 	a 	0 	• 	0 	Ill 
P-8UN 	0 	 a 
!I-Field Dup 	. 
!1-Eq Blank 	0 	0 	0 
1-Trip Blnk 	a 
1-Fid Blnks 	a 

Duplicate all analyses for the particular well the sample is from 
Q =Quarterly sampling  
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P-22U: Landfill No. 3; contains trans-l,2-DCE (420 ppb), TCE (150 ppb), vinyl
chloride (77 ppb), and toluene (15 ppb).

P-22M: Landfill No. 3; contains TCE (33 ppb), toluene (15 ppb), and
trans-l,2-DCE (3 ppb).

3.4 SURFACE WATER QUALITY

Monitoring of previous creek stations will be discontinued until RI/FS
sampling of surface water is completed. During RI/FS field investigations
samples will be collected from around the outside of outfalls, from seeps, and
from Meandering Road Creek. Some new surface water quality stations selected
during the RI/FS field investigations may be added to the monitoring plan in
the future.

3.5 PROPOSED ADDITIONAL WELLS (PRIORITY II)

The rationale for selecting each Priority II well is discussed below. The
recommended analyses to be run on each sample are shown on Table 3.

Table 3. Recommended Priority II Monitoring Well Sampling for AFP 4

Well 4 VOCs TPH 0 & G Chromium 000 LeveIl
1F..211 0 0 fl
F—213 0 II
F-218
F-219 0 0 UI

F-221 o
-

II
HM-103 ° H..° UI

kM-hO 0 0 0 0 III

a aP-8UN

i-Fieidbup * . .

1-EqBlank 0 0 0 0
1-Trip Blnk 0
1-FId9lriks Q
Duplicate all analyses for the particular wall the sample is from

0 Quarterly sampling
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3.5.1 Upper Zone: 

Landfill No. 1: F-211 (Upgradient, contaminated with 2,000 ppb TCE, 54 ppb 
DCE, 20 ppb TCA, 38 ppb benzene, 0.2 mg/L chromium) if a lithologic log and 
completion diagram cannot be found for F-215. 

Fire Department Training Area No. 2: F-213 (Downgradient, clean). 

Fire Department Training Area No. 5: F-221 (Upgradient, clean, boundary well 
that is upgradient of FDTA No. 5 and AFP-4.) 

Assembly Building/Parts Plant Perimeter: F-218 (TCE plume at edge of 
building, also contaminated with chromium and DCE); F-219 (edge of TCE plume); 
HM-103 (part of TCE plume moving from southeastern portion of building to East 
Parking Lot; contaminated with 3,000 ppb trans-1,2-DCE, 5,600 ppb TCE, and 0.3 
mg/L oil and grease). Discrepancies exist for HM-103 between the 
concentrations for methylene chloride reported in Table B-1 (5,400 ppb) of the 
Hargis + Associates Monitoring Plan (1989b) and the text of the same report and 
the data base (less than detection limit). 

Western Flight Line Area: HM-110 (Southernmost well of TCE plume [1,400 ppb 
TCE and 250 ppb trans-1,2-DCE]; boundary well). 

3.5.2 Paluxy Wells  

P-8UN: East of East Parking Lot. There is a major discrepancy on the maximum 
concentration of TCE reported for this well by Hargis + Associates (1989b). 
Table B-1 of the Annual Hydrologic Monitoring Plan states that the maximum TCE 
concentration was 8,100 ppb; but the text (pg. 46) states that the maximum 
concentration during the same period was 140 ppb. The data base confirms the 
140 ppb of the text. Similar discrepancies occur for trans-1,2-DCE 
concentrations (400 ppb in Table B-1 and 3 ppb in the text and data base, TCE 
(8,100 or 140 ppb), acetone (13 ppb), MEK (24 ppb), trans-1,2-DCE (400 ppb or 
not detected), and chloroform (1.4 ppb). 

4.0 GROUNDWATER SAMPLING PROCEDURES  

Sampling procedures will be the same as those specified in the Final RI/FS 
Sampling and Analysis Plan (Geotech, 1990b). These procedures are included in 
Appendix B of this document. Sample containers, preservation, and holding 
times are shown on Table 4. 

Groundwater will be sampled from existing monitoring wells at AFP 4. 
Conductivity, temperature, and pH will be measured in the field at the time of 
sampling. 

An interface probe will be used to measure depth to the top of any free-
product layers (both DNAPLs and LNAPLs) and to the top of the water in 
monitoring wells. The depth to fluids will be determined with respect to the 
casing top and will be measured prior to purging and sampling. 

Wells will be pumped before sampling for a minimum of three bore volumes where 
practical, to a maximum of five bore volumes. This will ensure that a 
representative sample is being collected. The pH, temperature, and 
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3.5.1 Upper Zone:

Landfill No. 1: F-211 (Upgradient, contaminated with 2,000 ppb TCE, 54 ppb
DCE, 20 ppb TCA, 38 ppb benzene, 0.2 ing/L chromium) if a lithologic log and
completion diagram cannot be found for F-215.

Fire Department Training Area No. 2: F-213 (Downgradient, clean).

Fire Department Training Area No. 5: F.-221 (Upgradient, clean, boundary well
that is upgradient of FDTA No. 5 and AFP-4.)

Assembly Building/Parts Plant Perimeter: F-2l8 (TCE plume at edge of
building, also contaminated with chromium and DCE); F-2l9 (edge of TCE plume);
HM-103 (part of TCE plume moving from southeastern portion of building to East
Parking Lot; contaminated with 3,000 ppb trans-l,2-DCE, 5,600 ppb TCE, and 0.3
mg/L oil and grease). Discrepancies exist for HM-103 between the
concentrations for methylene chloride reported in Table B-l (5,400 ppb) of the
Hargis + Associates Monitoring Plan (l989b) and the text of the same report and
the data base (less than detection limit).

Western Flight Line Area: HM-llO (Southernmost well of TCE plume [1,400 ppb
TCE and 250 ppb trans-l,2-DCE]; boundary well).

3.5.2 Paluxy Wells

P-BUN: East of East Parking Lot. There is a major discrepancy on the maximum
concentration of TCE reported for this well by Hargis + Associates (1989b).
Table 8-1 of the Annual Hydrologic Monitoring Plan states that the maximum TCE
concentration was 8,100 ppb; but the text (pg. 46) states that the maximum
concentration during the same period was 140 ppb. The data base confirms the
140 ppb of the text. Similar discrepancies occur for trans-1,2-DCE
concentrations (400 ppb in Table B-l and 3 ppb in the text and data base, TCE

(8,100 or 140 ppb), acetone (13 ppb), MEK (24 ppb), trans-1,2-DCE (400 ppb or
not detected), and chloroform (1.4 ppb).

4.0 GROUNDWATER SAMPLING PROCEDURES

Sampling procedures will be the same as those specified in the Final RI/FS
Sampling and Analysis Plan (Geotech, l990b). These procedures are included in
Appendix B of this document. Sample containers, preservation, and holding
times are shown on Table 4.

Groundwater will be sampled from existing monitoring wells at AFP 4.
Conductivity, temperature, and pH will be measured in the field at the time of
sampling.

An interface probe will be used to measure depth to the top of any free-
product layers (both DNAPLs and LNAPLs) and to the top of the water in
monitoring wells. The depth to fluids will be determined with respect to the
casing top and will be measured prior to purging and sampling.

Wells will be pumped before sampling for a minimum of three bore volumes where
practical, to a maximum of five bore volumes. This will ensure that a
representative sample is being collected. The pH, temperature, and
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57 18 
conductivity of the discharge water will be monitored during pumping. The 
probes will be immersed in a flow-through cell soon after pumping begins to 
monitor the pH, temperature, and conductivity. The standard solutions for 
calibrating the pH meter will be brought to the temperature of the water in 
the flow-through bath and the meter will be standardized prior to taking the 
pH measurements. Electrical conductivity will be measured using a 
conductivity meter that has been calibrated before sampling. The conductivity 
probe will be placed in the flow-through bath; pH, temperature, and 
conductivity measurements will be recorded periodically throughout the time of 
pumping. The samples will be collected after the pH, temperature, and 
conductivity have stabilized for at least one-half a bore volume. 
Stabilization criteria will be +/- 0.25 pH, +/- 50 pmhos/cm, and +/- 0.5°C. 

Existing wells with dedicated triloc pumps will be purged using the existing 
pump. All other wells will be purged using a peristaltic suction lift-type 
pump. This pump will also be used to collect the inorganic samples. Organic 
samples will be collected using dedicated Teflon bailers. Wells that cannot 
be purged using a suction lift-type pump will be purged and sampled using a 
submersible bladder-type pump. Two types of pumps may be used: (1) Pump A has 
a stainless steel housing, Vitone seals, and a Viton® bladder and (2) Pump B 
has a stainless steel housing, Viton® seals, and Teflon bladder. 

Chromate samples will be filtered through a 0.45-micron cellulose-acetate or 
nitrate membrane filter in conjunction with a flow-through filtration system. 
The filtration system consists of a filter holder and Teflon support screens 
on the top and bottom of the filter. 

Sample bottles will be filled by allowing the pump or bailer discharge to flow 
gently down the side of the bottle with minimal entry turbulence. The sample 
will then be capped and stored at 4°C. For samples requiring preservation to 
pH <2 (such as with HC1 for VOCs) the proper amount of preservative will be 
added and the bottle capped. Samples collected for organics will be 
preserved, filled, bottled with no bubbles, and cooled to 4°C. 

4.1 GROUNDWATER SAMPLING EQUIPMENT  

Equipment and supplies used for groundwater sampling will include the 
following: 

. Masterflex Peristaltic Sampling Pump (to 20-foot sampling depth) or 
equivalent 

. Geofilter Peristaltic Pump (to 20-foot sampling depth) or equivalent 

. IEA Poseidon Model Gas-Operated Bladder-Type Pump (to 200-foot 
sampling depth) or equivalent 

. Teflon® Bailers 

. Conductivity Meter (temperature and conductivity) 

. 	pH Meter 

• 	

Water-Level Indicator 
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conductivity of the discharge water will be monitored during pumping. The
probes will be immersed in a flow-through cell soon after pumping begins to
monitor the pH, temperature, and conductivity. The standard solutions for
calibrating the pH meter will be brought to the temperature of the water in
the flow-through bath and the meter will be standardized prior to taking the
pH measurements. Electrical conductivity will be measured using a
conductivity meter that has been calibrated before sampling. The conductivity
probe will be placed in the flow-through bath; pH, temperature, and
conductivity measurements will be recorded periodically throughout the time of
pumping. The samples will be collected after the pH, temperature, and
conductivity have stabilized for at least one-half a bore volume.
Stabilization criteria will be 1- 0.25 pH, +/. 50 pmhos/cm, and +1- 0.5°C.

Existing wells with dedicated triloc pumps will be purged using the existing
pump. All other wells will be purged using a peristaltic suction lift-type
pump. This pump will also be used to collect the inorganic samples. Organic
samples will be collected using dedicated Teflon bailers. Wells that cannot
be purged using a suction lift-type pump will be purged and sampled using a
submersible bladder-type pump. Two types of pumps may be used: (1) Pump A has
a stainless steel housing, Vitoni seals, and a Viton bladder and (2) Pump B
has a stainless steel housing, Viton seals, and Teflon bladder.

Chromate samples will be filtered through a 0.45-micron cellulose-acetate or
nitrate membrane filter in conjunction with a flow-through filtration system.
The filtration system consists of a filter holder and Teflon support screens
on the top and bottom of the filter.

Sample bottles will be filled by allowing the pump or bailer discharge to flow
gently down the side of the bottle with minimal entry turbulence. The sample
will then be capped and stored at 4°C. For samples requiring preservation to
pH <2 (such as with HC1 for VOCs) the proper amount of preservative will be
added and the bottle capped Samples collected for organics will be
preserved, filled, bottled with no bubbles, and cooled to 4°C.

4.1 GROUNDWATER SAMPLING EQUIPMENT

Equipment and supplies used for groundwater sampling will include the
following:

Masterfiex Peristaltic Sampling Pump (to 20-foot sampling depth) or
equivalent

Geofilter Peristaltic Pump (to 20-foot sampling depth) or equivalent

• lEA Poseidon Model Gas-Operated Bladder-Type Pump (to 200-foot
sampling depth) or equivalent

Teflon® Bailers

• Conductivity Meter (temperature and conductivity)

pH Meter

Water-Level Indicator
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. Portable Generator 

. Filter Holder and Filters 

. Latex, Nitrile, and Silver Shield gloves 

. Sample Bottles 

. Concentrated HC1 

. Teflon Tubing 

. Cooler With Ice (Blue Ices or equivalent) 

. Maximum-Minimum Thermometer for Cooler 

Chain of Sample Custody Forms (form UNC 1512) 

4.2 GROUNDWATER SAMPLING EQUIPMENT DECONTAMINATION PROCEDURES  

All measurement and sampling equipment that contacts groundwater will be 
cleaned as the equipment is removed from the well using clean rags or paper 
towels. Outer-surface areas will then be cleaned using soapy water, clean 
potable water, methanol, and deionized water. 

Equipment, such as pumps and tubing that may become contaminated internally, 
will be cleaned by circulating soapy water (Alconox laboratory soap or 
equivalent) through the system. This will be accomplished by placing the pump 
in a bucket of soapy water, followed by a clean-water rinse through the 
system, and finally a deionized-water rinse. If the equipment is to be used 
for the collection of volatile organics, a small amount of methanol will be 
pumped through the system prior to the deionized-water rinse. Discharge water 
and solvents will be containerized and stored in steel barrels. Chemical 
analyses will be made of the contents of the containers. Those barrels having 
hazardous contents will be disposed of by the on-site group responsible for 
disposal of hazardous wastes. Certain fluids can be allowed to evaporate and 
the residue handled as routine non-hazardous waste. 

4.3 SAMPLING PROCEDURES AND PROTOCOLS  

The following section includes the sample identification requirements, volume 
requirements, preservation requirements, sample-handling, and storage 
requirements. 

4.3.1 Sample Identification 

Each sample will be assigned a unique identification number that will be 
easily identifiable as to the project (AFP4) and location. 

4.3.2 Sample Handling. Packaging, and Shipping 

All containers used will be pre-cleaned and obtained from an EPA-hproved 
supplier for Superfund sites (e.g., I-Chem). Containers will be visually 
inspected for integrity and cleanliness prior to use. Suspect containers will 
not be used and will be labeled "Do Not Use" or will be discarded. 
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Portable Generator

• Filter Holder and Filters

• Latex, Nitrile, and Silver Shield gloves

• Sample Bottles

• Concentrated HC1

• Teflon Tubing

• Cooler With Ice (Blue Ices or equivalent)

• Maximum-Minimum Thermometer for Cooler

• Chain of Sample Custody Forms (form IJNC 1512)

4.2 GROUNDWATER SAMPLING EOUIPMENT DECONTAMINATION PROCEDURES

All measurement and sampling equipment that contacts groundwater will be
cleaned as the equipment is removed from the well using clean rags or paper
towels. Outer-surface areas will then be cleaned using soapy water, clean
potable water, methanol, and deionized water.

Equipment, such as pumps and tubing that may become contaminated internally,

will be 'cleaned by circulating soapy water (Alconox laboratory soap or
equivalent) through the system. This will be accomplished by placing the pump
in a bucket of soapy water, followed by a clean-water rinse through the
system, and finally a deionized-water rinse. If the equipment is to be used
for the collection of volatile organics, a small amount of methanol will be
pumped through the system prior to the deionized-water rinse. Discharge water
and solvents will be containerized and stored in steel barrels. Chemical
analyses will be made of the contents of the containers. Those barrels having
hazardous contents will be disposed of by the on-site group responsible for
disposal of hazardous wastes. Certain fluids can be allowed to evaporate and
the residue handled as routine non-hazardous waste.

4.3 SAMPLING PROCEDURES AND PROTOCOLS

The following section includes the sample identification requirements, volume

requirements, preservation requirements, sample-handling, and storage
requirements.

4.3.1 Sample Identification

Each sample will be assigned a unique identification number that will be
easily identifiable as to the project (AFP4) and location.

4.3.2 Sample Handling. Packazing. and Shipping

All containers used will be pre-cleaned and obtained from an EPA-Approved
supplier for Superfund sites (e.g., 1-Chem). Containers will be visually
inspected for integrity and cleanliness prior to use. Suspect containers will
not be used and will be labeled "Do Not Use" or will be discarded.
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Sample bottles for chromate analyses will be filled to approximately 90 
percent of capacity to allow for expansion of the contents. Sample bottles 
for organic analyses will be filled with minimum headspace. The 40-milliliter 
(mL) vials for volatile organic analysis will be filled with no headspace or 
bubbles. 

Sample preservation will be performed immediately upon collection. For 
acidified samples, pH will be checked prior to shipment to ensure proper 
preservation. Ice chests will be used to cool samples during field sampling, 
packaging, and shipping. A refrigerator will be obtained for storing samples 
that will not be shipped the day of collection. This refrigerator will be 
kept in a locked room or at a minimum will have chain-of-custody seals placed 
on the door of the refrigerator to ensure sample security. 

All samples will be packaged and shipped in a manner that will protect the 
integrity of the sample as well as protect against any detrimental effects 
from possible leakage. Packaging and shipping will include placing sample 
containers in zip-lock plastic bags, packing samples in vermiculite, and 
possibly placing samples in foam socks or equivalent packing material. 
Shipping containers will be properly labeled according to DOT guidelines. 

Each shipment of samples will be accompanied by a signed Chain of Sample 
Custody form (see Figure 2) that specifies the analyses required for each 
sample and any unique handling requirements based on information obtained in 
the field. 

5.0 WASTE MANAGEMENT 

Collection and disposal of wastes associated with purging and sampling in FY 
1991 will be handled according to the Chem Nuclear Geotech Waste Management 
Plan for RI/FS field investigations at Air Force Plant 4 (draft). 

6.0 FIELD QUALITY ASSURANCE AND QUALITY CONTROL 

INTRODUCTION 

The objective of field QA/QC is to provide systematic control of all phases of 
the various sampling processes, which includes proper sampling design, 
sampling procedures, accuracy, precision, comparability, and completeness. 

6.1 FIELD QUALITY ASSURANCE 

6.1.1 Sampling Procedures  

The basic sampling procedures are described in Appendix B of this document. 
References to procedures approved by the U.S. Environmental Protection Agency 
(EPA) and/or the U.S. Department of Energy (DOE) that describe the procedures in 
more detail are given. Any deviation from these established procedures will 
be noted in the field logbooks with an explanation of the change(s) and what 
the resulting impact on data quality might be. 
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Sample bottles for chromate analyses will be filled to approximately 90
percent of capacity to allow for expansion of the contents. Sample bottles
for organic analyses will be filled with minimum headspace. The 40-milliliter
(mL) vials for volatile organic analysis will be filled with no headspace or
bubbles.

Sample preservation will be performed inunediately upon collection. For
acidified samples, pH will be checked prior to shipment to ensure proper
preservation. Ice chests will be used to cool samples during field sampling,
packaging, and shipping. A refrigerator will be obtained for storing samples
that will not be shipped the day of collection. This refrigerator will be
kept in a locked room or at a minimum will have chain-of-custody seals placed
on the door of the refrigerator to ensure sample security.

All samples will be packaged and shipped in a manner that will protect the
integrity of the sample as well as protect against any detrimental effects
from possible leakage. Packaging and shipping will include placing sample
containers in zip-lock plastic bags, packing samples in vermiculite, and
possibly placing samples in foam socks or equivalent packing material.
Shipping containers will be properly labeled according to DOT guidelines.

Each shipment of samples will be accompanied by a signed Chain of Sample
Custody form (see Figure 2) that specifies the analyses required for each
sample and any unique handling requirements based on information obtained in
the field.

5.0 WASTE MANAGEMENT

Collection and disposal of wastes associated with purging and sampling in FY
1991 will be handled according to the Chem Nuclear Geotech Waste Management
Plan for RI/FS field investigations at Air Force Plant 4 (draft).

6.0 FIELD QUALITY ASSURANCE AND OUALITY CONTROL

INTRODUCTION

The objective of field QA/QC is to provide systematic control of all phases of

the various sampling processes, which includes proper sampling design,
sampling procedures, accuracy, precision, comparability, and completeness.

6.1 FIELD OUALITY ASSURANCE

6.1.1 Sampling Procedures

The basic sampling procedures are described in Appendix B of this document.
References to procedures approved by the U.S. Environmental Protection Agency
(EPA) and/or the U.S. Department of Energy (DOE) that describe the procedures in
more detail are given. Any deviation from these established procedures will
be noted in the field logbooks with an explanation of the change(s) and what
the resulting impact on data quality might be.
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Figure 2• Chain of Sample Custody Form 
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6.2 SAMPLE CONTROL 

6.2.1 Sample Identity 

To maintain evidence of authenticity, the samples collected must be properly 
identified and easily discerned from other samples. Samples collected for AFP 
4 will be identified by a label attached to the sample container that will 
include the sample identification number, date collected, time collected, and 
the sampler's name. 

6.2.2 Sample Custody 

To maintain the integrity of the samples, it will be necessary to demonstrate 
that the samples were kept under custody from the time they were collected to 
the time they were analyzed. Chain of Sample Custody records (Figure 2) will 
be used to list all sample possession transfers. This document will show that 
the sample was in constant custody between collection and analysis. 

While the sample is being shipped, the shipping container will have custody 
seals placed over the container opening to ensure that the integrity of the 
samples has not been compromised during shipment. The receiving laboratory 
must examine the seals on arrival and document that the seals are intact. 
Upon opening the container, the condition of the sample containers will also 
be noted (i.e., broken bottles, leaking bottles, broken seal around the lid). 

6.2.3 Transportation/Shipment of Samples  

All shipments will be made in compliance with DOT regulations governing 
shipment of hazardous materials and substances. A copy of the regulations in 
49 CFR 171-179 will be made available to field personnel responsible for 
marking, labeling, packaging, documenting, and shipping hazardous material, 
substances, and waste. In addition to meeting all DOT requirements, special 
care will be taken to ensure the integrity of the sample through proper 
packaging and shipping. 

To determine the proper identification of a hazardous sample, field personnel 
will review field measurement data and the logbooks for relevant information 
concerning the sample material in each container. This information will 
include such things as radioactivity levels, organic vapors detected, pH, 
explosivity determinations, or any other information useful in classifying the 
samples for shipment. If a sample is known or suspected to contain a specific 
hazardous material, the sampler will note the presence of the material on the 
sample label. This information is necessary for the receiving laboratory to 
determine proper handling of the sample prior to analysis. 

6.3 DOCUMENT CONTROL 

Introduction 

The preparation, issue, and revision of documents that specify quality 
requirements or prescribe activities affecting quality will be controlled to 
assure that the correct documents are being used and enforced during the 
sampling and analysis phase of the monitoring process. The following 
describes the various documents that will be controlled. 
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6.2 SAMPLE CONTROL

6.2.1 Sample Identity

To maintain evidence of authenticity, the samples collected must be properly
identified and easily discerned from other samples. Samples collected for AFP
4 will be identified by a label attached to the sample container that will
include the sample identification number, date collected, time collected, and
the sampler's name.
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To maintain the integrity of the samples, it will be necessary to demonstrate
that the samples were kept under custody from the time they were collected to
the time they were analyzed. Chain of Sample Custody records (Figure 2) will
be used to list all sample possession transfers. This document will show that
the sample was in constant custody between collection and analysis.
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seals placed over the container opening to ensure that the integrity of the
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All shipments will be made in compliance with DOT regulations governing
shipment of hazardous materials and substances. A copy of the regulations in
49 CFR 171-179 will be made available to field personnel responsible for

marking, labeling, packaging, documenting, and shipping hazardous material,
substances, and waste. In addition to meeting all DOT requirements, special
care will be taken to ensure the integrity of the sample through proper

packaging and shipping.

To determine the proper identification of a hazardous sample, field personnel
will review field measurement data and the logbooks for relevant information
concerning the sample material in each container. This information will

include such things as radioactivity levels, organic vapors detected, pH,
explosivity determinations, or any other information useful in classifying the
samples for shipment. If a sample is known or suspected to contain a specific
hazardous material, the sampler will note the presence of the material on the
sample label. This information is necessary for the receiving laboratory to

determine proper handling of the sample prior to analysis.

6.3 DOCUMENT CONTROL

Introduction

The preparation, issue, and revision of documents that specify quality
requirements or prescribe activities affecting quality will be controlled to
assure that the correct documents are being used and enforced during the

sampling and analysis phase of the monitoring process. The following
describes the various documents that will be controlled.
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6.3.1 Field Logbooks  

Bound logbooks with consecutively numbered pages will be used by field person-
nel for each major field task performed. The field logbooks will be used to 
record the daily activities of the field team, record any field measurements 
taken, sketch maps of measurement and sample locations, and note observations 
that may indicate the quality of the data. Each page will be signed and dated 
by the person making the entries on that page and will also be signed and 
dated by a second person who has reviewed the entries for accuracy and clarity. 

Each logbook that is issued will be signed out by the individual responsible 
for completion of the logbook. This record will be part of the overall 
Document Control Log. When the books are returned, the receiver will sign and 
date the return. 

6.3.2 Instrument Calibration Log 

An instrument calibration log will be kept for instruments requiring daily 
calibration or operational checks to ensure that the data being obtained are 
within established QA limits. Included in the logbook will be the date of 
calibration, the type of calibration performed, standards used, and the QA 
limits established for each particular instrument. The log will be signed and 
dated by the person performing the calibration. Instruments failing the 
calibration or operational checks will be adjusted or repaired (if possible) 
and rechecked, or will be tagged "DO NOT USE." 

6.3.3 Groundwater Sample Collection Forms  

A groundwater sample collection form will be completed for each sampling 
location (Figure 3). This form is a fairly comprehensive form that 
documents water quality field measurements taken at the time of sampling and 
purging. Information recorded includes pump type, purge volumes and rates, and 
type of sample bottles, preservatives, and filters used. 

6.3.4 Chain-of-Custody Forms  

A copy of each chain-of-custody form (see Figure 2) will be retained in a file 
for the project records for traceability in case of sample loss or delays 
during shipment. This file will be maintained in the field until completion 
of fieldwork and then will become part of the permanent project files after 
completion of the project. Copies received by the laboratory will also be 
maintained in a project file until completion of the analytical work and will 
then be transferred to the permanent project files. 

6.3.5 Evidentiary File 

The Project Manager, or designee, will maintain a project file. that will 
include all pertinent information gathered in the course of fieldwork, such as 
permits obtained for access, correspondence relating to the project, completed 
forms, completed logbooks, software programs, training records, accident 
reports, and other records and files required for the permanent project file. 

20 

57 23

6.3.1 Field Logbooks

Bound logbooks with consecutively numbered pages will be used by field person-
nel for each major field task performed. The field logbooks will be used to
record the daily activities of the field team, record any field measurements
taken, sketch maps of measurement and sample locations, and note observations
that may indicate the quality of the data. Each page will be signed and dated
by the person making the entries on that page and will also be signed and
dated by a second person who has reviewed the entries for accuracy and clarity.

Each logbook that is issued will be signed out by the individual responsible
for completion of the logbook. This record will be part of the overall
Document Control Log. When the books are returned, the receiver will sign and
date the return.

6.3.2 Instrument Calibration Log

An instrument calibration log will be kept for instruments requiring daily
calibration or operational checks to ensure that the data being obtained are
within established QA limits. Included in the logbook will be the date of
calibration, the type of calibration performed, standards used, and the QA
limits established for each particular instrument. The log will be signed and
dated by the person performing the calibration. Instruments failing the
calibration or operational checks will be adjusted or repaired (if possible)
and rechecked, or will be tagged "DO NOT USE."

6.3.3 Groundwater Sample Collection Forms

A groundwater sample collection form will be completed for each sampling
location (Figure 3). This form is a fairly comprehensive form that
documents water quality field measurements taken at the time of sampling and
purging. Information recorded includes pump type, purge volumes and rates, and
type of sample bottles, preservatives, and filters used.

6.3.4 Chain-of-Custody Forms

A copy of each chain-of-custody form (see Figure 2) will be retained in a file
for the project records for traceability in case of sample loss or delays
during shipment. This file will be maintained in the field until completion
of fieldwork and then will become part of the permanent project files after
completion of the project. Copies received by the laboratory will also be
maintained in a project file until completion of the analytical work and will
then be transferred to the permanent project files.

6.3.5 Evidentiary File

The Project Manager, or designee, will maintain a project file. that will
include all pertinent information gathered in the course of fieldwork, such as
permits obtained for access, correspondence relating to the project, completed
forms, completed logbooks, software programs, training records, accident
reports, and other records and files required for the permanent project file.
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Geotech 	 Documentation of Sample Collection 

1. Date Location 	  Site No. 	  

   

2. Measure well-water depth and calculate volume. 
Depth to water 	  Depth of well 	  Well diameter 	 
Depth of water 	  Calculated water volume 	  

3. Pump three to five bore volumes of water from well. 

4. Pump type 	  

5. Measure sample temperature: 	°C Time 	  Instrument used 	  

6. Measurement of conductivity: Time 	  Sample Conductivity 	 rnmhos/crn 
Measurement conditions: In situ ( ) Open container ( ) Air exclusion ( ) 
Time of last calibration check 	  
Temperature of calibration standard 	°C 
Conductivity reading of calibration standard 	gmhos/cm 
Sample specific conductance at 25 °C 	umhos/cm 

7. Measure pH: Time 	 Sample pH 	 
Measurement conditions: In situ ( ) Open container ( ) Air exclusion ( ) 
Time of last two-buffer calibration 	  
Buffer temperature at calibration 	°C Buffers used 	  

B. Measure Eh: Time 	 Sample Eh 	mV 
Measurement conditions: In situ ( ) Open container ( ) Air exclusion ( ) 
Temperature of ZoBell solution 	°C 
Eh of ZoBell solution 	 mV 

9. Measure dissolved oxygen (DO): Time 	 Sample DO 	 rngil 
Date and time of last zero check with NaS03 solution 	  
Atmospheric pressure 	mmHg Altitude 	 ft 
Temperature of calibration chamber 	'C 
DO saturation from table 	  
Correction factor 	 Calibration value 	 

10. Measure alkalinity: Time 	 Total alkalinity 	 opm as CaCO3 
Hach Kit method: Titration cartridge 	  
Phenolpnthalein alkalinity 	 

11. Filter and collect samples: 

Number and type of filters used 	  

Container Size 

 

Container Type 	No. Collected 

 

Filtered  
Yes No 

 

Preservative 
Used 

          

          

          

          

          

          

          

          

          

UNC 1705 
vas 

        

Figure 3• Groundwater Sample Collection Form 
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UivC Geotech Documentation of Sample Collection

1. Date___________________ Location_______________________ _______________________

2. Measure well-water depth and calculate volume.

Depth towater________________ Depth of well________________ Well diameter_______________
Depth of water_____________ Calculated water volume___________

3. Pump three to five bore volumes of water from well.

4. Pump type

5. Measure sample temperature: __________'C Time__________ Instrument used____________________

6. Measurement ofconductivity: Time_______ Sample Conductivity rnmhos/crn
Measurement conditions: In situ ( ) Open container ( ) Air exclusion
Time of last calibration check______________________________________________________________
Temperature of calibration standard 'C

Conductivity reading of calibration standard uinflos/cm
Sample specilic conductance at 25 'C umflos/crn

7. Measure pH: Time________ Sample pH________
Measurement conditions: In situ ( ) Open container ( ) Airexclusion
Time of last two-buffer calibration_________________________________
Buffer temperature at calibration C Butters used__________

8. Measure Eh: Time_________ Sample Eh__________
Measurement conditions: In situ ( ) Open container ( ) Airexclusion
Temperature of ZoBell solution___________
Eh of ZoBell solution - my

9. Measure dissolved oxygen (DO): Time_________ Sample DO mgll
Date and time of last zero check with NaSO3 solution__________

Atrnosphenc pressure mn,14g Altitude ft
Temperature of calibration chamber 'C
DO saturation from table_________
Correction factor___________ Calibration value___________

10. Measure alkalinity: Time_________ Total alkalinity opm as CaCO
Had, Kit method: Titration cartndge__________________________________________________
Phenolpnthalein alkalinity__________

11. Filter and collect samples:

Number and type of filters used________________________________________________________________

Container Size Container Type No. Collected
Filtered Preservative

Yes No Used

UNC 17O
see

Figure 3. Groundwater Sample Collection Form
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0.0 Start Pumping 0.0 

Total Volume 
Withdrawn 

(gal) 	(bore vol) 

Ee 
(prnhowcm) Date Time PH 

Temp. 
(*C) 

Eh DO Comments 

12. 
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13. Comments 	  

Signature at Sampler 	  Date Signed 	  

Checked by 	  Date Checked 	  

Figure 3 (continued) Groundwater Sample Collection Form 

(Back of Form) 
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12. Total Voums
oat. rim. Withdrawn

pH (jnhoaIcm) T. Eh DO Comm.nts-_flveI)
0.0 0.0II IL

—

ii
— —

iiI Start PumpingI___

II II
i___

Figure 3 (continued) Groundwater Sample Collection Form

(Back of Form)

22

13. Comments

Signature ot Samp'er Date Signed —

nate Checked



57 26 

6.4 FIELD OUALITY CONTROL 

Field duplicates will be collected at the rate of one per quarter. Equipment 
blanks will also be collected at the rate of one per quarter. One trip blank 
and two field blanks will be collected each quarter and analyzed for Target 
Compound List volatile organic compounds. 

7.0 LABORATORY ANALYSES  

The analytical parameters and methods are shown an Table 5. The analytical 
methods and procedures to be used are specified in the Final RI/FS Work Plan 
documents (Geotech, 1990b,c) and are only briefly summarized here. Methods 
used for analysis will be EPA Method 8260 for volatile organic compounds, EPA 
Method 8270 for semivolatile organic compounds, EPA Method 418.1 for total 
petroleum hydrocarbons, EPA Method 413.2 for oil and grease, and EPA Method 
300.0 for hexavalent chromium. 

7.1 LABORATORY PROCEDURES  

Analytical Methods  

All procedures will be checked for accuracy through internal laboratory 
quality-control checks, such as the running of blind duplicates, splits, and 
known standards. These checks are described in the Quality Assurance Project 
Plan (Volume III) for the PA/SI and RI/FS investigations of AFP 4 (Geotech, 
1990c). The following sections briefly describe the analytical methods to be 
used for samples from AFP 4. Complete procedures for EPA methods are 
available in the appropriate EPA guidance documents. Procedures for Geotech 
methods are available in the Geotech Analytical Chemistry Laboratory Handbook 
of Analytical and Sample Preparation Methods and the Geotech Analytical 
Chemistry Laboratory Administrative Plan and Quality Control Procedures 
manuals. Copies of the Standard Operating Procedures (SOPs) used by the 
subcontracted laboratory for AFP 4 sample analyses will be attached to this 
Plan after award of contract. The following section describes the analytical 
procedures to be used in the analysis of samples collected at AFP 4. 
Laboratory quality assurance will be according to Table 6. 

7.1.1 Volatile Organic Compounds (Target Compound List)  

Volatile organic analyses will be conducted by Geotech. The required 
analytical method will be EPA 8240 or 8260 (EPA SW-846, Third Edition). 

7.1.2 Semi-Volatile Organic Compounds (Target Compound List)  

Semi-volatile organic analyses will be subcontracted to a commercial 
laboratory. The required analytical method will be EPA 8270 (EPA, 1986). 

7.1.3 Chromate (S/E041 

Anion analyses will be performed on filtered water samples using Geotech 
Method D-3 (ion chromatography). 
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6.4 FIELD OUALITY CONTROL

Field duplicates will be collected at the rate of one per quarter. Equipment
blanks will also be collected at the rate of one per quarter. One trip blank
and two field blanks will be collected each quarter and analyzed for Target

Compound List volatile organic compounds.

7.0 LABORATORY ANALYSES

The analytical parameters and methods are shown an Table 5. The analytical
methods and procedures to be used are specified in the Final RI/FS Work Plan
documents (Geotech, 1990b,c) and are only briefly summarized here. Methods
used for analysis will be EPA Method 8260 for volatile organic compounds, EPA
Method 8270 for semivolatile organic compounds, EPA Method 418.1 for total
petroleum hydrocarbons, EPA Method 413.2 for oil and grease, and EPA Method
300.0 for hexavalerit chromium.

7.1 LABORATORY PROCEDURES

Analytical Methods

All procedures will be checked for accuracy through internal laboratory
quality-control checks, such as the running of blind duplicates, splits, and
known standards. These checks are described in the Quality Assurance-Project
Plan (Volume III) for the PA/SI and RI/FS investigations of AFP 4 (Geotech,
l990c). The following sections briefly describe the analytical methods to be
used for samples from AFP 4. Complete procedures for EPA methods are
available in the appropriate EPA guidance documents. Procedures for Geotech
methods are available in the Geotech Analytical Chemistry Laboratory Handbook
of Analytical and Sample Preparation Methods and. the Geotech Analytical
Chemistry Laboratory Administrative Plan and Quality Control Procedures
manuals. Copies of the Standard Operating Procedures (SOPs) used by the
subcontracted laboratory for AFP 4 sample analyses will be attached to this
Plan after award of contract. The following section describes the analytical
procedures to be used in the analysis of samples collected at AFP 4.
Laboratory quality assurance will be according to Table 6.

7.1.1 Volatile Organic Compounds (Target Conmound List)

Volatile organic analyses will be conducted by Geotech. The required
analytical method will be EPA 8240 or 8260 (EPA SW-846, Third Edition).

7.1.2 Semi-Volatile Organic Compounds (Target Compound List)

Semi-volatile organic analyses will be subcontracted to a commercial
laboratory. The required analytical method will be EPA 8270 (EPA, 1986).

7.1.3 Chromate (Cr04)

Anion analyses will be performed on filtered water samples using Geotech
Method D-3 (ion chromatography).
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Table 5. Analytical Parameters and Methods 

Acronym 
	

Laboratory Parameters 
	

Analytical Method 
in text 

VOCs 

Semi-VOCs 

Target Compound List (TCL)  
1) Volatile Organic Compounds 

acetone 
benzene 
bromodichloromethane 
bromoform 
bromomethane 
2-butanone 
carbon disulfide 
carbon tetrachloride 
chlorobenzene 
chloroethane 
chloroform 
chloromethane 
dibromochloromethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichloroethene 
1,2-dichloroethene (total) 
1,2-dichloropropane 
cis-1,3-dichloropropene 
trans-1,3-dichloropropene 
ethylbenzene 
2-hexanone 
methylene chloride 
4-methyl-2-pentanone 
styrene 
1,1,2,2-tetrachloroethane 
tetrachloroethene 
toluene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene (TCE) 
vinyl acetate 
vinyl chloride 
xylenes (total) 

2) Semi-Volatile Organic Compounds 
acenaphthene 
acenaphthylene 
anthracene 
benzo(a)anthracene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
benzoic acid 
benzo(g,h,i,)perylene 
benzo(a)pyrene 
benzyl alcohol 
bromophenyl phenyl ether 
4-chloroaniline 

EPA Method 624/8240 
or 8260a  
(GC/MS purge and trap) 
except as noted 

EPA Method 625/8270 
(GC/MS extraction) 
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Acronym Laboratory Parameters Analytical Method
in text

Target Compound List (TCLI
1) Volatile Organic Compounds

acetone
benzene
bromodichloromethane
broinoform

bromomethane
2-butanone
carbon disulfide
carbon tetrachioride
chlorobenzene
chioroethane
chloroform
chioromethane
dibromochioromethane
1 , 1—dichioroethane
1, 2—dichioroethane
1, 1-dichioroethene
1,2-dichioroethene (total)
1, 2—dichioropropane
cis—1 , 3—dichioropropene
trans—i, 3-dichloropropene
ethylbenzene
2—hexanone
methylene chloride
4—methyl-2-pentanone
styrene
1, 1,2, 2—tetrachioroethane
tetrachioroethene
toluene

1, 1, 1—trichioroethane
1, 1, 2-trichloroethane
trichloroethene (TCE)
vinyl acetate
vinyl chloride
xylenes (total)

EPA Method 624/8240
or 8260a
(GC/MS purge and trap)
except as noted

Si- VOC 2) Semi—Volatile Organic
acenaphthene
acenaphthylene
anthracene
henzo(a)anthracene
benzo(b) fluoranthene
benzo(k) fluoranthene
benzoic acid
henzo(g,h, i, )perylene
benzo(a)pyrene
benzyl alcohol
hromophenyl phenyl ether
4—chloroaniline
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Acronym 	 Laboratory Parameters 	 Analytical Method 
in text  

2) Semi-Volatile Organics (con't) 
bis(2-chloroethyl)ether 
bis(2-chloroethoxy)methane 
bis(2-chloroisopropyl) ether 
butyl benzyl phthalate 
4-chloro-3-methylphenol 
2-chloronaphthalene 
2-chlorophenol 
4-chlorophenyl phenyl ether 
chrysene 
dibenz(a,h)anthracene 
dibenzofuran 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
3,3-dichlorobenzidine 
2,4-dichlorophenol 
diethylphthalate 
2,4-dimethylphenol 
dimethyl phthalate 
di-n-butyl phthalate 
di-n-octyl phthalate 
2,4-dinitrophenol 
4,6-dinitro-2-methylphenol 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
bis(2-ethylhexyl)phthalate 
fluoranthene 
fluorene 
hexachlorobenzene 
hexachlorobutadiene 
hexachlorocyclopentadiene 
hexachloroethane 
indeno(1,2,3-c,d)pyrene 
isophorone 
2-methylnaphthalene 
2-methylphenol 
4-methylphenol 
naphthalene 
2-nitroanaline 
3-nitroanaline 
4-nitroanaline 
nitrobenzene 
2-nitrophenol 
4-nitrophenol 
n-nitroso-di-n-dipropylamine 
n-nitrosodiphenylamine 
pentachlorophenol 
phenanthrene 
phenol 
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Table 5 (continued). Definition of Analytical Parameters

Acronym Laboratory Parameters Analytical Method
in text

2) Semi—Volatile Organics (con't)
bis( 2-chioroethyl )ether

bis( 2-chloroethoxy)methane
bis(2-chloroisopropyl) ether
butyl benzyl phthalate
4—chloro—3—methylphenol
2—chloronaphthalene
2-chiorophenol
4-chiorophenyl phenyl ether
chrysene
dibenz(a, h)anthracene
dibenzo furan

1, 2—dichlorobenzene
1, 3—dichlorobenzene
1, 4—dichlorobenzene
3, 3-dichlorobenzidine
2, 4—dichlorophenol
diethylphthalate
2, 4-dimethyiphenol
dimethyl phthalate
di-n—butyl phthalate
di-n—octyl phthalate
2, 4—dinitrophenol
4, 6—dinitro-2-methylphenol
2, 4—dinitrotoluene
2, 6—dinitrotoluene

bis( 2-ethyihexyl )phthalate
fluoranthene
I luorene

hexachlorobenzene
hexachlorobutadi ene

hexachlorocyclopentadiene
hexachioroethane
indeno(l , 2, 3—c,d)pyrene
isophorone
2-methylnaphthalene
2-methyiphenol
4—methyiphenol
naphthalene
2-nitroanaline
3—nitroanal me
4—n itroanalme
nitrobenzene
2-ni trophenol

4-nitrophenol
n—nitroso—di-n—dipropylamine
n-nitrosodiphenylamine
pentachiorophenol
phenanthrene
phenol
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Table 5 (continued). Definition of Analytical Parameters 

Acronym 
	

Laboratory Parameters 
	

Analytical Method 
in text 

2) Semi-Volatile Organics (Con't) 
pyrene 
1,2,4-trichlorobenzene 
2,4,5-trichlorophenol 
2,4,6-trichlorophenol 

Inorganics  
chromate (hexavalent chromium) 

EPA Method 625/8270 

EPA Method 300.0 

TPH 
	

Total Petroleum Hydrocarbons 
	

EPA Method 418.1 
(infrared spectroscopy) 

O&G 
	

Oil and Grease in Water 
	

EPA Method 3550/413.2 

a  EPA Method 8260 meets or exceeds EPA Method 8240 in precision and 
accuracy. 
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Acr
in

onym
text

Laboratory Parameters Analytical Method

2) Semi—Volatile Organics (Con't)
pyrene
1,2, 4—trichlorobenzene

2,4, 5—trichlorophenol
2,4, 6—trichlorophenol

EPA Method 625/8270

Inorganics
chromate (hexavalent chromium) EPA Method 300.0

TPH Total Petroleum Hydrocarbons EPA Method
(infrared

418.1

spectroscopy)

O&G Oil and Grease in Water EPA Method 3550/413.2

a EPA Method 8260 meets or exceeds EPA Method 8240 in precision and
accuracy.
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TCL Semi-Volatile 5% 5% 5% 

Organics 

TCL Volatile 5% 5% 5% 

Organics 

Chromium 5% 5% N/A 

Total Petroleum N/A 5% 5% 
Hydrocarbons 

Oil and Grease N/A 5% 5% 

Groundwater 5% 

5% 

5% 

N/A 

N/A 
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Table 6. Laboratory Quality Assurance Sample Types and Quantities 

Sample 
	

Minimum Laboratory Quality Assurance  

Type 
	

Analyte 
	

Checks 	Duplicates 	Blanks 	Spikes 
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Table 6. Laboratory Quality Assurance Sample Types and Quantities

Minimum Laboratory Quality Assurance

_____ Analyte Duplicates Blanks Spikes

TCL Semi-Volatile 5% 5% 5%

Organics

TCL Volatile 5% 5% 5%

Organ ics

Chromium 5% N/A 5%

Total Petroleum 5% 5% N/A

Hydrocarbons

Oil and Grease 5% 5% N/A

Sample
Type

Groundwater

Checks

5%

5%

5%

N/A

N/A

27
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7.1.4 Total Petroleum Hydrocarbons  

Total petroleum hydrocarbons will be analyzed by Geotech using Geotech Method 
CC-1 (infrared spectroscopy). 

7.1.5 Oil and Grease  

Oil and grease in water will be analyzed by Geotech using EPA Method 413.2. 

7.2 LABORATORY QUALITY CONTROL 

Internal Quality Control Checks  

For subcontracted analyses, internal quality control will be performed 
according to EPA SW-846 (Third Edition). Although the laboratory selected 
will have a thorough internal QA/QC system that meets or exceeds the 
requirements set forth in EPA SW-846 (Third Edition), the following minimum 
requirements will be met. 

. A reagent blank will be prepared and analyzed to check for 
contamination caused by reagent preparation for each analytical run. 

. At least one matrix spike sample will be prepared and analyzed. 

. At least 1 duplicate sample analysis will be performed on each batch of 
samples of a similar matrix. 

. For analysis by gas chromatography/mass spectrometry (GC/MS), surrogate 
spike analyses will be run on all samples. 

For Geotech laboratory analyses, the internal quality control will be as 
specified in EPA SW-846 (Third Edition) and the minimum requirements will be 
as follows: 

7.2.1 Chromate  

. One sample for every batch will be analyzed in duplicate. 

. One check sample containing known amounts of each analyte will be 
analyzed for every batch. 

. A portion of 1 sample for every batch of samples will be spiked with 
known amounts of each analyte. Spike recoveries must be between 90 and 
110 percent, unless the sample result is less than 10 times the 
reporting limit, in which case spike recoveries must be between 80 and 
120 percent. 

7.2.2 Volatiles  

. One sample for every batch of samples will be analyzed in duplicate. 

. One check sample containing known amounts of each analyte will be 
analyzed for every batch. 
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7.1.4 Total Petroleum Hydrocarbons

Total petroleum hydrocarbons will be analyzed by Geotech using Geotech Method

CC-i (infrared spectroscopy).

7.1.5 Oil and Crease

Oil and grease in water will be analyzed by Geotech using EPA Method 413.2.

7.2 LABORATORY OUALITY CONTROL

Internal Quality Control Checks

For subcontracted analyses, internal quality control will be performed
according to EPA SW-846 (Third Edition). Although the laboratory selected
will have a thorough internal QA/QC system that meets or exceeds the
requirements set forth in EPA SW-846 (Third Edition), the following minimum
requirements will be met.

A reagent blank will be prepared and analyzed to check for
contamination caused by reagent preparation for each analytical run.

At least one matrix spike sample will be prepared and analyzed.

At least 1 duplicate sample analysis will be performed on each batch of
samples of a similar matrix.

For analysis by gas chromatography/mass spectrometry (GC/MS), surrogate
spike analyses will be run on all samples.

For Geotech laboratory analyses, the internal quality control will be as
specified in EPA SW-846 (Third Edition) and the minimum requirements will be
a follows:

7.2.1 Chromate

One sample for every batch will be analyzed in duplicate.

One check sample containing known amounts of each analyte will be
analyzed for every batch.

A portion of 1 sample for every batch of samples will be spiked with
known amounts of each analyte. Spike recoveries must be between 90 and
110 percent, unless the sample result is less than 10 times the
reporting limit, in which case spike recoveries must be between 80 and
120 percent.

7.2.2 Volatiles

• One sample for every batch of samples will be analyzed in duplicate.

One check sample containing known amounts of each analyte will be
analyzed for every batch.
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. A portion of 1 sample for every batch of samples will be spiked with 
known amounts of each analyte. Spike recoveries for each compound are 
as specified in EPA Method 8240. 

7.2.3 Total Petroleum Hydrocarbons  

. One sample for every batch of samples will be analyzed in duplicate. 
The duplicates will be within 20 percent of each other if the analyte 
concentration is greater than 5 times the reporting limit. 

7.2.4 Oil and Grease 

. One sample for every batch of samples will be analyzed in duplicate. 
The duplicates will be within 20 percent of each other if the analyte 
concentration is greater than 5 times the reporting limit. 

7.2.5 Duplicates  

One duplicate sample will be collected each quarter and submitted blind to the 
laboratory. 

7.2.6 Trip and Field Blanks  

A minimum of one trip blank and two field blanks will be submitted to the 
laboratory for analysis of volatile organics. 

7.2.7 Equipment Blanks  

Equipment blanks will be collected at a rate of 1 per quarter for the purpose 
of evaluating equipment contamination in the field. The equipment blanks will 
be analyzed for all of the constituents. 

8.0 DATA MANAGEMENT 

Data collected from the various field measurement and field sampling 
activities will be in various forms. Portions of the data will be handwritten 
in field logbooks or on field data forms. Other data will be in laboratory 
analytical reports, and some data will automatically be transferred from 
laboratory instrumentation to a computer data base. A data-management system 
will be used to compile all the data onto a central data base. Files for each 
type of data will be created that will include data type, identification 
number (if applicable), location coordinates, and raw data. These files will 
then be edited as a QA check to ensure that the data were input correctly. 
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• A portion of 1 sample for every batch of samples will be spiked with
known amounts of each analyte. Spike recoveries for each compound are
as specified in EPA Method 8240.

7.2.3 Total Petroleum Hydrocarbons

• One sample for every batch of samples will be analyzed in duplicate.
The duplicates will be within 20 percent of each other if the analyte
concentration is greater than 5 times the reporting limit.

7.2.4 oil and Crease

• One sample for every batch of samples will be analyzed in duplicate.
The duplicates will be within 20 percent of each other if the analyte
concentration is greater than 5 times the reporting limit.

7.2.5 Duplicates

One duplicate sample will be collected each quarter and submitted blind to the

laboratory.

7.2.6 Trip and Field Blanks

A minimum of one trip blank and two field blanks will be submitted to the
laboratory for analysis of volatile organics.

7.2.7 Equipment Blanks

Equipment blanks will be collected at a rate of 1 per quarter for the purpose
of evaluating equipment contamination in the field. The equipment blanks will
be analyzed for all of the constituents.

8.0 DATA MANAGEMENT

Data collected from the various field measurement and field sampling
activities will be in various forms. Portions of the data will be handwritten
in field logbooks or on field data forms. Other data will be in laboratory
analytical reports, and some data will automatically be transferred from
laboratory instrumentation to a computer data base. A data-management system
will be used to compile all the data onto a central data base. Files for each
type of data will be created that will include data type, identification
number (if applicable), location coordinates, and raw data. These files will
then be edited as a QA check to ensure that the data were input correctly.
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9.0 LOGISTICS AND SCHEDULE 

9.1 LOGISTICS  

9.1.1 Communication and Coordination 

Coordination of the sampling activities with AFP 4 will be the responsibility 
of both the Project Manager and the Field Team Leader. The prime contact at 
General Dynamics is: 

Luke D. Gilpin 
Facility Engineer 
General Dynamics 
Facilities Engineering 
P.O. Box 748, Ft. Worth, Texas 76101 
(817) 777-8203 

The Project Manager or Field Team Leader will be responsible for contacting 
the appropriate General Dynamics personnel prior to start of fieldwork to 
obtain the proper access to all areas, to arrange for escorts if required,or 
to arrange for facility support. He/she will also need to communicate any 
changes in scheduled activities while fieldwork is in progress to ensure that 
fieldwork is not hampered due to logistical problems. 

Geotech will have a trailer and storage area available for use by the field 
team during sampling activities. The trailer will have a chest freezer and 
refrigerator for use in sample preparation/storage, telephone, and storage 
area for hazardous materials (such as acid used for sample preservation). To 
maintain a chain-of-custody, the trailer will be locked at all times when not 
occupied by Geotech personnel. 

Sampling personnel are not to discuss or provide information on the sampling 
activities to the public or news media. Any communication outside the AFP 4 
will be directed to the Project Manager or the appropriate Air Force (ASD) 
personnel. 

9.1.2 Equipment. Supplies, and Transportation 

All field equipment will be supplied by Geotech and their subcontractors. 
Sampling equipment and supplies will be shipped to the facility as needed and 
will be stored in the trailer or storage area. Vehicles used on the facility 
will be obtained from a rental agency. A refrigerator will be required for 
sample storage prior to shipment. A chest-type freezer will be required for 
freezing of Blue Ices, or equivalent. Arrangements will be made to obtain 
these items locally. 

Facilities or containers will be required for storage and disposal of small 
quantities of potentially hazardous waste generated during the sampling 
program. Arrangements will be made with General Dynamics for disposal of 
these wastes. 
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9.0 LOGISTICS AND SCHEDULE

9.1 LOGISTICS

9.1.1 Communication and Coordination

Coordination of the sampling activities with AFP 4 will be the responsibility
of both the Project Manager and the Field Team Leader. The prime contact at
General Dynamics is:

Luke D. Gilpin

Facility Engineer
General Dynamics
Facilities Engineering
P.O. Box 748, Ft. Worth, Texas 76101
(817) 777-8203

The Project Manager or Field Team Leader will be responsible for contacting
the appropriate General Dynamics personnel prior to start of fieldwork to
obtain the proper access to all areas, to arrange for escorts if required,or
to arrange for facility support. He/she will also need to communicate any
changes in scheduled activities while fieldwork is in progress to ensure that
fieldwork is not hampered due to logistical problems.

Geotech will have a trailer and storage area available for use by the field
team during sampling activities. The trailer will have a chest freezer and

refrigerator for use in sample preparation/storage, telephone, and storage
area for hazardous materials (such as acid used for sample preservation). To
maintain a chain-of-custody, the trailer will be locked at all times when not

occupied by Geotech personnel.

Sampling personnel are not to discuss or provide information on the sampling
activities to the public or news media. Any communication outside the AFP 4
will be directed to the Project Manager or the appropriate Air Force (ASD)

personnel.

9.1.2 Equipment. Supplies, and Transportation

All field equipment will be supplied by Geotech and their subcontractors.
Sampling equipment and supplies will be shipped to the facility as needed and
will be stored in the trailer or storage area. Vehicles used on the facility
will be obtained from a rental agency. A refrigerator will be required for
sample storage prior to shipment. A chest-type freezer will be required for
freezing of Blue Ices, or equivalent. Arrangements will be made to obtain
these items locally.

Facilities or containers will be required for storage and disposal of small
quantities of potentially hazardous waste generated during the sampling
program. Arrangements will be made with General Dynamics for disposal of
these wastes.
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9.1.3 Field Personnel  

Field personnel will be in the field for approximately five days each quarter. 
All personnel will be properly trained for the task assigned. The Project 
Manager will maintain documentation of personnel qualifications and training. 

9.1.4 Laboratory Assignments  

Personnel responsible for shipping samples will ship samples according to the 
required analyses to either the Geotech Analytical Chemistry Laboratory in 
Grand Junction, Colorado, or the subcontractor laboratory (subcontractor 
information will be supplied when available). The mailing address of the 
Geotech laboratory is: 

Geotech 
2597 B 3/4 Road 
Grand Junction, CO 81503 
Attn.: Ersel Reid 

9.1.5 Sample Shipments  

Due to the short holding times associated with many of the samples, shipments 
will be made on a daily basis, when possible or required, using an overnight 
or priority-mail delivery service. 

9.2 SCHEDULE 

Normally, the schedule for quarterly monitoring would be October, January, 
April, and July. Because of delays, the proposed schedule will be as follows: 
December 1990, March, June, and September, 1991. Each round of sampling is 
anticipated to be approximately 5 days in duration. Analytical results will 
be obtained no later than two months after sample collection. 

10.0 HEALTH AND SAFETY 

The Health and Safety Plan (Volume IV) that accompanies the final RI/FS Work 
Plan (Geotech, 1990d), will be enforced for field work at the AFP 4 site. The 
Health and Safety Plan is a comprehensive plan that describes the health and 
safety responsibilities of Geotech personnel, defines the procedures to be 
used, establishes protective equipment requirements, describes potential 
contaminants and their exposure limits, describes plans for emergency 
response, and provides guidance for spill cleanup and abatement. 

To ensure that field personnel understand the health and safety requirements 
and are aware of the potential health and safety hazards for each site, the 
Field Manager or their designee will conduct a daily health and safety 
briefing. 

All personnel will have received the 40-Hour Hazardous Waste Site Safety 
Training Course. 
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9.1.3 Field Personnel

Field personnel will be in the field for approximately five days each quarter.
All personnel will be properly trained for the task assigned. The Project
Manager will maintain documentation of personnel qualifications and training.

9.1.4 Laboratory Assignments

Personnel responsible for shipping samples will ship samples according to the
required analyses to either the Geotech Analytical Chemistry Laboratory in
Grand Junction, Colorado, or the subcontractor laboratory (subcontractor
information will be supplied when available). The mailing address of the
Geotech laboratory is:

Ceo tech

2597 B 3/4 Road
Grand Junction, CO 81503
Attn.: Ersel Reid

9.1.5 Sample Shipments

Due to the short holding times associated with many of the samples, shipments
will be made on a daily basis, when possible or required, using an overnight

or priority-mail delivery service.

9.2 SCHEDULE

Normally, the schedule for quarterly monitoring would be October, January,
April, and July. Because of delays, the proposed schedule will be as follows:
December 1990, March, June, and September, 1991. Each round of sampling is
anticipated to be approximately 5 days in duration. Analytical results will
be obtained no later than two months after sample collection.

10.0 HEALTH AND SAFETY

The Health and Safety Plan (Volume IV) that accompanies the final RI/FS Work
Plan (Geotech, l990d), will be enforced for field work at the AFP 4 site. The
Health and Safety Plan is a comprehensive plan that describes the health and
safety responsibilities of Geotech personnel, defines the procedures to be

used, establishes protective equipment requirements, describes potential
contaminants and their exposure limits, describes plans for emergency
response, and provides guidance for spill cleanup and abatement.

To ensure that field personnel understand the health and safety requirements
and are aware of the potential health and safety hazards for each site, the
Field Manager or their designee will conduct a daily health and safety

briefing.

All personnel will have received the 40-Hour Hazardous Waste Site Safety
Training Course.
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11.0 DELIVERABLES  

A letter report will be prepared approximately two months after each round of 
sampling that briefly summarizes the results and significance of the findings 
for each round. A yearly summary of monitoring results will be prepared in a 
data report to be submitted no later than two months after the last round of 
sampling. Recommendations for FY 1992 monitoring will be included. This 
monitoring plan will be updated and modified as necessary. 

32 

57 35
11.0 DELIVERABLES

A letter report will be prepared approximately two months after each round of
sampling that briefly summarizes the results and significance of the findings
for each round. A yearly summary of monitoring results will be prepared in a
data report to be submitted no later than two months after the last round of
sampling. Recommendations for FY 1992 monitoring will be included. This
monitoring plan will be updated and modified as necessary.
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IndiVi ua Summaries of Well Data 
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EVALUATION OF EXISTING WELLS AT AIR FORCE PLANT 4. FORT WORTH. TEXAS  

FSA3-1 (quarterly); free product, not cemented to surface (no surface seal). 

Discontinue monitoring. 

FSA3-3 (quarterly); free product, 
Discontinue monitoring. 

FSA3-6 (quarterly); free product, 
Discontinue monitoring. 

FSA3-7 (quarterly); free product, 
Discontinue monitoring. 

not cemented to surface (no surface seal). 

not cemented to surface (no surface seal). 

FSA3-10 (quarterly); free product, not cemented to surface (no'sur ace\seal). 
Discontinue monitoring. 

FSA3-12 (quarterly); free product, not cemented 
Discontinue monitoring. 

• 

\ 	, 
surface seal). 

F-200 (annually); ethyl benzene (2 ppO,Ncluene (20); triloc. Couldn't see 
floating product if preseae4watet lever luctuates,above top of screen). 

' 	
- 

Well constructed moni.t6ring 11.1 K 	 ontinue routine monitoring. 

F-201 (quarterly); floating pod 
drilled,in-I9&6. O.K. abnitori 
area,- 

Recemmendation: Discontinue monitoring. Well is constructed O.K. but has 
floating product and is in new area that has limited access and would 
need- special permission to enter. 

F-202 (quarterly); floating product, TCE. O.K. well construction. Do not 
aquifer test. 

Recommendation: Well is constructed O.K., but discontinue monitoring due 
to floating product. 

F-203 (quarterly); floating product; TCE, DCE, drilled 2/25/86; CD - 31.2' 
(1.4' above top of Walnut); 15' screen in gravel, sand, with 3.3' 
sand/gravel pack. Water table is screened. 

Recommendation: Keep well (good construction). Priority III for 
monitoring. Check for presence of floating product. Do not sample 
if floating product present. Good well for aquifer test (except for 
floating product). 

F-204 (semiannually); floating product, benzene; drilled 2/25/86; good 
construction. Completed with 10' screen in gravel and clay. Don't 
aquifer test. Contamination (fuel) was already present in gravel when 
drilled. 

in area fenced off with concertina wire; 
1, but is in limited access 
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EVALUATION OF EXISTING WELLS AT AIR FORCE PLANT 4. FORT WORTH. TEXAS

FSA3-l (quarterly); free product, not cemented to surface (no surface seal).

Discontinue monitoring.

FSA3-3 (quarterly); free product, not cemented to surface (no surface seal).

Discontinue monitoring.

FSA3-6 (quarterly); free product, not cemented to surface (no surface seal).

Discontinue monitoring.

FSA3-7 (quarterly); free product, not cemented to surface (no surface s3M).
Discontinue monitoring.

FSA3-1O (quarterly); free product, not cemented to surface (nsuace\seal).
Discontinue monitoring. \\ \

FSA3-12 (quarterly); free product, not cemented t sueJ,R surface sl).
Discontinue monitoring.

F-200 (annually), ethyl benzene (2 ppb),'to1uene (20), triloc Couldn't see

floating product if prese (water leveljluctuates above top of screen)
Well constructed mon].oring well I Kq.çr dscontinue routine monitoring

I

F-20l (quarterly) floating pod; area fenced off with concertina wire;

drilled ,ir(T9&6. O.K. mnitorii't w4l, but is in limited access
area

Recommendation: Discontinue monitoring. Well is constructed O.K. but has
floating product and is in new area that has limited access and would
needS special permission to enter.

F-2O2 (quarterly); floating product, TCE. O.K. well construction. Do not
aqui-(er test.

Recommendation: Well is constructed O.K., but discontinue monitoring due

to floating product.

F-2O3 (quarterly); floating product; TCE, DCE, drilled 2/25/86; CD — 31.2'
(1.4' above top of Walnut); 15' screen in gravel, sand, with 3.3'
sand/gravel pack. Water table is screened.

Recommendation: Keep well (good construction). Priority III for
monitoring. Check for presence of floating product. Do not sample
if floating product present. Good well for aquifer test (except for

floating product).

F-2O4 (semiannually); floating product, benzene; drilled 2/25/86; good
construction. Completed with 10' screen in gravel and clay. Don't
aquifer test. Contamination (fuel) was already present in gravel when
drilled.

A-l
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Recommendation: Keep well (good construction). Check for presence of 
floating product. Do not sample if floating product present. 
Priority III for monitoring. Do not aquifer test. 

F-205 (semiannually); floating product, benzene (B), toluene (T), ethylbenzene 
(E); drilled 1986. Well-constructed monitoring well, bottom of screen is 
0.5' into Walnut. 15' screen in gravel, gravelly silt, silty 
sand. 

Recommendation: Good monitoring well, but discontinue monitoring due to 
presence of floating product. Continue to record product and water 
levels. Good well to aquifer test (except for floating product). 

F-206 (semiannually); floating product, BTE, 4" PVC, CD 	30.0' (1 t 
shale [Goodland?]). Screened interval is 15 - 30', sand Rack extends 2' 
above. Bentonite seal, then cemented to surface. Is 	el.1,,eillstrUcted 
monitoring well. 

Recommendation: Good monitoring well and slug-wit drawdnest well 
(except for floating product). Discontinue monitor.kni on routine 
basis due to presence of floating product. 

F-207 (semiannually); 1,1,1 trichloroethane (4,200 ppb),,1,1-DCE (3,200 ppb), 
1,2-DCE (4,900), TCE (65" ppb), 1,1-DCA,07 ppb), benzene (63 ppb), oil and 
grease (0.2 mg/L) and chromium (0.0TolgiL). 15' screen interval and 
additional 1.3' sand_pack in sari& Grouted from surface to 18.2'. 
Continue to—monitor (priaritY—TX. 

F-20a-Cannually); toluene (5 ppb)r triloc. Well constructed. Keep. Will be 
- sampladduring RI/FS field investigations. 

F-209 (quarterly); floating product; good well construction. Priority III for 
monitoring 	.no floating product present. 

F-210 (quarterly); floating product, TCE; good well construction. Would be 
good well for aquifer test, except for free 
product. 

Recommendation: Discontinue monitoring due to floating product. 

F-211 (annually), E. of LF1; DCE (54 ppb), TCE (2,100), 1,1,1-TCA (20), 
benzene (38), Cr. Triloc. O.K. construction. Keep. Priority II for 
monitoring. 

F-212 (annually); clean, triloc; some discrepancies between driller 
information and completion diagram. Keep. Discontinue monitoring. 

F-213 (semiannually); DCE (2 ppb), TCE (3), toluene (11); CD — 11'. 
Downgradient of FDTA No. 2; 4.5' screen in Walnut (0.5'), sand and gravel 
(1.5'), sandy clay (2.5'). Sand pack extends additional 2.5' in sandy 
clay. Bentonite and cement to surface through fill. Do not aquifer test. 
OK well construction. Priority II for monitoring. 

F-214 (semiannually); floating product, drilled in 1986. 
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Recommendation: Keep well (good construction). Check for presence of

floating product. Do not sample if floating product present.
Priority III for monitoring. Do not aquifer test.

F-205 (semiannually); floating product, benzene (B), toluene (T), ethylbenzene
(E); drilled 1986. Well-constructed monitoring well, bottom of screen is
0.5' into Walnut. 15' screen in gravel, gravelly silt, silty
sand.

Recommendation: Good monitoring well, but discontinue monitoring due to
presence of floating product. Continue to record product and water
levels. Good well to aquifer test (except for floating product).

F-206 (semiannually); floating product, BTE, 4" PVC, CD — 30.0'
shale [Goodland?]). Screened interval is 15 - 30', sand pacT extetids 2'
above. Bentonite seal, then cemented to surface. Is eóstricted
monitoring well.

Recommendation Good monitoring well and s1ug-withdra.wf\est well
(except for floating product). Discontinue moitott on routine
basis due to presence of floating product.

F-207 (semiannually); 1,1,1 trichioroethane (4,200 ppb),.l,l-DCE (3,200 ppb),
l,2-DCE (4,900), TCE (65 ppb), 1,L-DCA 47 ppb), benzene (63 ppb), oil and
grease (0 2 mg/L)1 and cliromii.un (0 Ormg,I-L) 15' screen interval and
additional 1 3' sand pack in sancL C-routed from surface to 18 2'

Continue a-inorn.tor (pri.oritfTX

F20L (annua.lIy), toluene (5 ppb) triloc Well constructed Keep Will be

-sampled during RI/PS field investigations.

F-209 (quarterly), floating product, good well construction Priority III for
monitoring i'no floating product present.

F-2l0 (quarterly); floating product, TCE; good well construction. Would be
good well for aquifer test, except for free
product.

Recommendation: Discontinue monitoring due to floating product.

F-2l1 (annually), E. of LF1; DCE (54 ppb), TCE (2,100), l,l,l-TCA (20),
benzene (38), Cr. Tribe. O.K. construction. Keep. Priority II for
monitoring.

F-212 (annually); clean, triloc; some discrepancies between driller
information and completion diagram. Keep. Discontinue monitoring.

F-213 (semiannually); DCE (2 ppb), TCE (3), toluene (11); CD — 11'
Downgradient of FDTA No. 2; 4.5' screen in Walnut (0.5'), sand and gravel
(1.5'), sandy clay (2.5'). Sand pack extends additional 2.5' in sandy
clay. Bentonite and cement to surface through fill. Do not aquifer test.
OK well construction. Priority II for monitoring.

F-2l4 (semiannually); floating product, drilled in 1986.
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Problem: Suspect solvents at base of drill hole, but the screened 
interval and end plug are slightly too high to detect sinking 
product. Hnu readings were very high (400 ppm) below 17.5', but 
bottom of screened interval is 17.5' with a 0.5' end cap. 

Recommendation: Discontinue monitoring. Drill a new well nearby to 
capture sinking product if present. 

F-215 (annually); upgradient of Landfill No. 1. General Dynamics has agreed 
to obtain a copy of the lithologic log and the completion diagram, neither 
of which appear in any previous reports. TCE (1,500 ppb), TCA (150 p.pb) 
DCE (240), oil and grease (0.3 mg/L), chromium (0.14 mg/L). Prio 
for monitoring if the well is properly completed. 

- 25' F-216 (semiannually), clean?, completed in 9/86. Casin 
(just above [0.4'] Walnut), 15' screen in gravel, sand...-0'), clayey'silt 
(2'), sand (2'), and clayey silt. Gravel pacIcextendi1 ' above top of 
screen, surface seal. 

Recommendation: O.K. well. Priority III for monitoring. 

F-217 (monthly), triloc; contaminated with TCE (2,600 ppb), DCE (7 
vinyl chloride (2,400 ppb), chlorobenzene (210 ppb), 1,1,1-TCA 
benzene (56 PP13); locking-cap.' CD - 17-5" (0.5' into Walnut), 
interval with 4.5' additiona;Zsand pack; surface seal; 4" PVC. 
better designed monitoring wells on,site. 

,800 ppb), 
(190 ppb), 
5' screened 
One of the 

Recommendation: Good well, priority III for monitoring. 

F-218 (semiannually); DCE (370 - 700 ppb), TCE (8,400 - 11,000); chromium 
(0.16 mg/1), oil and grease (0.7 mg/1); drilled in 1986. Building 
perimeter._,BTH - 36' (1.5' into Walnut), CD - 32'. Screen is 14.5' in 
Goodland-14'), clayey silt (1.5'), sand and gravel (0.5'), clayey silt 
(1.5- 	sand and gravel (0.5'), and clayey silt (6.5'); sand pack extends 
additional 1.5'. Has bentonite (2'), then cement/bentonite grout to 
surface (14'). Do not aquifer test. Appears to already have had 
contamination from 32 - 33' (not screened) in the Goodland during drilling 
(Hnu 1-6 ppm). Priority II for monitoring. 

F-219 (semiannually); TCE (55 ppb), drilled in 1986. CD - 34', 14.5' screened 
in shaley clay. Sand pack extends additional 1' down into top of Walnut 
and up 3' into shale (Goodland Formation). 3' bentonite seal, then 
cement/bentonite to surface (13.5'). Good well construction. Good well 
for aquifer test (already done). Priority II for monitoring. 

F-220 (semiannually); TCE (220,000 ppb), 1,1,1-TCA (300,000 ppb), 1,2-DCE 
(3,500 ppb); oil and grease (20 mg/L), total petroleum hydrocarbons (15 
mg/L), chromium (0.56 mg/L), cyanide (2.7 mg/L); 4" PVC; drilled in 1986. 
Well-completed monitoring well. Drilled 2.5' into Walnut, screened from 
Walnut through basal gravels and sand (high Hnu readings; up to 30 ppm) 
and into overlying clay. Sand pack extends additional 3.5' and grouted to 
surface. Next to new chemical processing building area, but won't be 
affected. 
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Problem: Suspect solvents at base of drill hole, but the screened
interval and end plug are slightly too high to detect sinking
product. Hnu readings were very high (400 ppm) below 17.5', but
bottom of screened interval is 17.5' with a 0.5' end cap.

Recommendation: Discontinue monitoring. Drill a new well nearby to

capture sinking product if present.

F-215 (annually); upgradient of Landfill No. 1. General Dynamics has agreed
to obtain a copy of the lithologic log and the completion diagram, neither

of which appear in any previous reports. TCE (1,500 ppb), TCA (150 ppb),
DCE (240), oil and grease (0.3 mg/L), chromium (0.14 mg/L).
for monitoring if the well is properly completed. —

F-2l6 (semiannually), clean', completed in 9/86 Casing aejith,C15) — 25'
(just above (0.4'] Walnut), 15' screen in grave11ysand,.-<6'), clayeysilt
(2'), sand (2'), and clayey silt Gravel pack extnd 1 ' above top of
screen, surface seal.

Recommendation 0 K well Priority III for monitoring

F-2l7 (monthly), triloc, contamj.nated with DGE (2,600 ppb), DCE (7,800 ppb),
vinyl chloride (2,400 ppb), chlorobenene (210 ppb), i,i,l-TCA (190 ppb),
benzene (56 ppb)., lockingcap CD — 17 5 (0 5' into Walnut), 5' screened
interval with 4 5' additioasand pack, surface seal, 4" Pvc One of the
better designed monitoring wells on site

Recommendation Good well, priority III for monitoring

F-218 (semiannually); DGE (370 - 700 ppb), TCE (8,400 - 11,000); chromium
(0.16 mg/i), oilY and grease (0.7 mg/i); drilled in 1986. Building
perimeter. B'rH — 36' (1.5' into Walnut), CD — 32'. Screen is 14.5' in
Goodland-"(4'), clayey silt (1.5'), sand and gravel (0.5'), clayey silt
(l.51, sand and gravel (0.5'), and clayey silt (6.5'); sand pack extends
additional 1.5'. Has bentonite (2'), then cement/bentonite grout to
surface (14'). Do not aquifer test. Appears to already have had
contamination from 32 - 33' (not screened) in the Goodland during drilling
(Hnu 1-6 ppm). Priority II for monitoring.

F-219 (semiannually); TCE (55 ppb), drilled in 1986. CD — 34', 14.5' screened
in shaley clay. Sand pack extends additional 1' down into top of Walnut
and up 3' into shale (Goodland Formation). 3' bentonite seal, then
cement/bentonite to surface (13.5'). Good well construction. Good well
for aquifer test (already done). Priority II for monitoring.

F-220 (semiannually); TCE (220,000 ppb), l,l,l-TCA (300,000 ppb), 1,2-DCE
(3,500 ppb); oil and grease (20 mg/L), total petroleum hydrocarbons (15
mg/L), chromium (0.56 mg/L), cyanide (2.7 mg/L); 4" PVC; drilled in 1986.
Well-completed monitoring well. Drilled 2.5' into Walnut, screened from
Walnut through basal gravels and sand (high Hnu readings; up to 30 ppm)
and into overlying clay. Sand pack extends additional 3.5' and grouted to
surface. Next to new chemical processing building area, but won't be
affected.
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Recommendation: Good monitoring well. Will be sampled during RI/FS field 
investigations. Keep well. Do not aquifer test as it is completed 
in limestone, gravel, sand, and clay. 

F-221 (annually); DCE and TCE (10 ppb); bailer. Boundary well, upgradient of 
AFP 4 site. Keep; good monitoring well construction. Priority II for 
monitoring because soil appears contaminated, but groundwater isn't; also 
because it's a boundary well. 

F-222 (quarterly); floating product, TCE (62 ppb), benzene (680), ethylbenzene 
(170); boundary well. 10' screen extends from top of Walnut into sand, 
clay, and fill. O.K. well construction. Priority III for monitori 

F-223 (quarterly); floating product, toluene (200 ppb), benzene. 00) 
ethylbenzene (1,800). Good well construction. Priorit ;II ,fac 
monitoring. 

HM-2 (not in H+A monitoring plan); clean. Let GU de 	whe er to a b d e 	th 	an,.„9n or 
save. Save if it is in a location which is easy toreave 	therwise, 
abandon. Sand/gravel pack extends from-4' to 34.6', 	h a screened 
interval from 24.6 - 34.6'. Drilled just below top, of Walnut. Worthless 
as monitoring well Discontinue monitoring. 

HM-5 (not in H+A monitoring plan),; cleant' oundary well; Landfill No. 4; 4" 
PVC; triloc. CD,  = 31.41 10' screen 	Walnut (-6.5') and gravelly clay 
(-3.5'). Filter pack extandsZadditional 10.8' in gravelly clay, sand lens 
(1'), anesandy clay. 4' bentonite,,teal through sandy clay and 7' cement 
seako_surface through fill'.',)ater level fluctuates entirely above top 

,,Of semen. Could not' find LNAPL if present. OK well. Priority III for 
monitoring. 

HM-7 (monthly), contaminated with solvents, fuel, oil/grease; dedicated 
bailer. Caging depth - 14.5'. Sampled since 1982, samples gravelly sand 
and far. 

Problem: Sand/gravel pack does not extend above top of screen. Bentonite 
pellets placed 0.5' below top of screen. 

Recommendation: Check for sinking/floating product. Priority III for 
monitoring. 

HM-9 (not in H+A monitoring plan); clean; boundary well; downgradient edge of 
Landfill No. 4; 4" PVC; bailer. CD - 4.8'; 2' screen in Walnut (0.8') and 

fill (1.2'). Top of gravel pack is 0.2' below top of screen. 0.8' 
bentonite seal extends 0.2 ' into screen. Cement seal to surface 
(2'). Priority III for monitoring. 

HM-10 (quarterly), 1,1,1-TCA (690 ppb), DCE (520 ppb), TCE (53 ppb), DCA (7 
ppb), acenaphthene (52 ppb), diethyl phthalate (52 ppb), di-n-butyl 
phthalate (213 ppb), di-n-octyl phthalate (5 ppb); triloc, casing 
depth - 21.5'; 10' screened interval with 4' additional gravel pack. 
Sampled since 1982. Samples gravelly sand and fill. Check for 
sinkers and floaters and dissolved constituents. 
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Recommendation: Good monitoring well. Will be sampled during RI/FS field

investigations. Keep well. Do i aquifer test as it is completed
in limestone, gravel, sand, and. clay.

F-221 (annually); DCE and TCE (10 ppb); bailer. Boundary well, upgradient of
AFP 4 site. Keep; good monitoring well construction. Priority II for
monitoring because soil appears contaminated, but groundwater isn't; also
because it's a boundary well.

F-222 (quarterly); floating product, TCE (62 ppb), benzene (680), ethylbenzene
(170); boundary well. 10' screen extends from top of Walnut into sand,
clay, and fill. O.K. well construction. Priority III for monitorig'

F-223 (quarterly); floating product, toluene (200 ppb), benzi
ethylbenzene (1,800). Good well construction. Priorit

monitoring.
-

HM-2 (not in H+A monitoring plan); clean. Let or
save. Save if it is in a location which is easy
abandon. Sand/gravel pack extends from- 4' to 34.6',
interval from 24.6 - 34.6'. Drilled just below tc
as monitoring well Discontinue monitcting

HM-5 (not in H+A monitoring 1an), c1.eanbouxdaty well, Landfill No 4, 4"
PVC, triloc CD- — 31..&', 10' screen in Walnut (—6 5') and gravelly clay
(—3 5') Filter pack exted-additional 10 8' in gravelly clay, sand lens

(1'), aBdndy clay 4' bntoimte- seal through sandy clay and 7' cement
sea touxface through fill Water level fluctuates entirely above top

,of screen. Could not' find LNAPL if present. OK well. Priority III for

monttoring.

HM-7 (monthly), cQntaininated with solvents, fuel, oil/grease, dedicated
bailer. Casing depth — 14.5'. Sampled since 1982, samples gravelly sand
and. fLIrt.

Problem: Sand/gravel pack does not extend above top of screen. Bentonite
pellets placed 0.5' below top of screen.

Recommendation: Check for sinking/floating product. Priority III for
monitoring.

HM-9 (not in FI+A monitoring plan); clean; boundary well; downgradient edge of
Landfill No. 4; 4" PVC; bailer. CD —4.8'; 2' screen in Walnut (0.8') and

fill (1.2'). Top of gravel pack is 0.2' below top of screen. 0.8'
bentonite seal extends 0.2 ' into screen. Cement seal to surface
(2'). Priority III for monitoring.

UM-lO (quarterly), l,l,l-TCA (690 ppb), DCE (520 ppb), TCE (53 ppb), DCA (7
ppb), acenaphthene (52 ppb), diethyl phthalate (52 ppb), di-n-butyl
phthalate (213 ppb), di-n-octyl phthalate (5 ppb); tribe, casing
depth — 21.5'; 10' screened interval with 4' additional gravel pack.
Sampled since 1982. Samples gravelly sand and fill. Check for
sinkers and floaters and dissolved constituents.
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Recommendation: Good well. Continue to monitor (priority I). Check for 

sinkers. 

HM-11 (annually); DCE (69 ppb), TCE (130), PCE (7). Boundary well; has hand 
pump. Poorly designed well. 10' screen with additional 20' filter pack 
through shale, limestone, clay, shaley clay, clayey shale. Discontinue 
monitoring. Possibly abandon (priority III) if becomes contaminated. 
Can't find floating product if present. 

HM-12 (annually); DCE (1 ppb), TCE (7), toluene (3). Boundary well. Triloc. 
Poorly constructed monitoring well. 10' screen with additional 20' of 
filter pack through clay, shale, and limestone. Discontinue monitor, g. 
Could not find floating product if present. Possibly abandon (p • rit 
III) if becomes contaminated. 

HM-13 (annually); clean. Bailer. Boundary well, upgrad 
be affected by widening of Clifford Ave. Needs 
Screened to find floating product. 10' scre 
pack in gravel and sand. O.K. construction due o 
Priority III for monitoring becausei.es a boundary we 

sh mounted:,  
nal 14',, filter 

HM-14 (annually); clean except nickel foUnd once above detection limit; 
submersible pump (galvanized pipe). Boundary well 	be affected by 
widening of Clifford,kcie. Need to flus6'maunt and remove galvanized pipe. 
Poorly designed monitoringwell. 10' screen with additional 21.5' 
sand/gravel pacic in-olayes0, silty sandy clay, silty clayey sand and 
sandy clay:--Will be sampled during RI/FS field investigations. 
Discontinue monitoring after-RI/PS sampling completed. 

HM/-:15(annually); TCE (2,600 ppb). Bailer. Poorly designed monitoring well 
10' screen in' gravellsilty sand interbeds, then additional 18' sand/gravel 
pack through cloy. Creates vertical conduit. Discontinue monitoring. 
Not clear hoitbottom 16' of hole (below screen) was completed. 
Backfilled? 

HM-16 (semiannually); solvents, fuel, oil; 4" PVC, triloc; drilled in 1983. 
Will be affected by new chemical processing building and parking lot. 
CD — 47.2' (2' into Walnut) with 10' screen (8' in overlying shale), but 
has sand/gravel pack for 42'. Acts as conduit for downward migration of 
contaminants into Goodland limestone, shale, and Walnut. Very poor 
monitoring well construction. 

Recommendation: Abandon well (priority I) as it is poorly constructed, 
acts as a conduit for downward migration of contaminants through the 
Goodland limestone and shale into Walnut, and is in the area that 
will be affected by construction of the new chemical processing 
facility. Do not aquifer test (clay, gravel, silt, sand, limestone, 
shale). 

HM-17 (annually); DCE (440 ppb), TCE (8,100), triloc. Poorly designed 
monitoring well. 10' screen in shale with additional 20' sand/gravel pack 
in limestone/shale, gravel/silty sand, and fill. Discontinue routine 
monitoring. Consider replacing with properly constructed monitoring well. 
Can't detect floating product. 
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Recommendation: Good well. Continue to monitor (priority I). Check for

sinkers.

HM-ll (annually); DCE (69 ppb), TCE (130), PCE (7). Boundary well; has hand
pump. Poorly designed well. 10' screen with additional 20' filter pack
through shale, limestone, clay, shaley clay, clayey shale. Discontinue
monitoring. Possibly abandon (priority III) if becomes contaminated.
Can't find floating product if present.

HM-12 (annually); DCE (1 ppb), TCE (7), toluene (3). Boundary well. Triloc.
Poorly constructed monitoring well. 10' screen with additional 20' of
filter pack through clay, shale, and limestone. Discontinue monitor).xig.
Could not find floating product if present. Possibly abandon (pi-6rit
III) if becomes contaminated.

HM-13 (annually); clean. Bailer. Boundary well, upgrad -\4.\Will
be affected by widening of Clifford Ave. Needs e sh mounted. ".,
Screened to find floating product. 10' screexrwit dd.pna1 14' filter
pack in gravel and sand. O.K. construction due o tffolgy. Keep-
Priority III for monitoring because t'sa bounda±r,)�

HM-14 (annually), clean except nickel found once above detection limit,

submersible pump (galvan:i.aed pipe) Boundary well Will be affected by
widening of Clifford Ace Need to f1.h mount and remove galvanized pipe
Poorly designed n iitotii1g weLl 10' screen with additional 21 5'

sand/gravel pack ic1ayesd, silty sandy clay, silty clayey sand and
sandy c1,ayWill be sampled during RI/FS field investigations
Discoittinue monitoring ate RI/PS sampling completed

HM-l5 cannually), TCE (2,600 ppb) Bailer Poorly designed monitoring well
10' screen in grawel/silty sand interbeds, then additional 18' sand/gravel
pack through clay Creates vertical conduit Discontinue monitoring
Not clear lpi(bottom 16' of hole (below screen) was completed.
Backfi Lied?

HM-16 (semiannually); solvents, fuel, oil; 4" PVC, triloc; drilled in 1983.
Will be affected by new chemical processing building and parking lot.
CD — 47.2' (2' into Walnut) with 10' screen (8' in overlying shale), but
has sand/gravel pack for 42'. Acts as conduit for downward migration of
contaminants into Goodland limestone, shale, and Walnut. Very poor
monitoring well construction.

Recommendation: Abandon well (priority I) as it is poorly constructed,
acts as a conduit for downward migration of contaminants through the
Goodland limestone and shale into Walnut, and is in the area that
will be affected by construction of the new chemical processing

facility. Do not aquifer test (clay, gravel, silt, sand, limestone,
shale).

HM-17 (annually); DCE (440 ppb), TCE (8,100), triloc. Poorly designed
monitoring well. 10' screen in shale with additional 20' sand/gravel pack
in limestone/shale, gravel/silty sand, and fill. Discontinue routine
monitoring. Consider replacing with properly constructed monitoring well.
Can't detect floating product.
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HM-18 (annually); Clean; triloc; poorly constructed monitoring well. 10' 
screen in Walnut (4') and gravel (6'), with additional 21' filter pack in 
gravel, sand, silty sand, sandy silt, and fill. Discontinue monitoring. 

HM-19 (quarterly), solvents; triloc; 4" PVC. CD — 24'; 10' screened interval 
with additional 8' sand/gravel pack. Sampling from fill, sand, Goodland 
(2'), and 6' Walnut. Sampling interval is too long. 

Recommendation: Suggest discontinue monitoring. Do not slug test. 

HM-20 (quarterly); DCE (270 ppb), TCE (1,500 ppb), 1,1,1 trichloroethae.i780 
ppb). 10' screen and additional 27' sand/gravel pack in sand an gravel. 

Problem: Bottom 1' of fill not sealed. Discontinue moni,v6rin 

HM-21 (monthly), dedicated bailer; high solvents [t r,. 	49,000 ppb) 
vinyl chloride (6,900), TCE (2,900)]; toluene--(22W-chlorobenzene (no), 
chloroform (290); oil and grease. CD — 14'; 10' screeni. 
designed well. Screened interval is,entirely in Walnut-K.-  Filter pack 
extends 1.2 ft. into fill, so it is not clear where'contaminants are 
coming from (either fill or Walnut). Most likely, contaminants come from 
fill and can travel down,the filter pack,into the screened interval. 
Could be causing contamination ofWalndt., Sampled since 1983. Possibly 
abandon (priority III), 

HM-23 (annualtY); clean; submersible. Boundary well O.K. construction, not 
great: 9' screen in Walnut (s'''and clayey sandy gravel (4'), with 
additional 31' filter pack in gravel (1'), sand and gravel (16'), silty 
clay (14'). Discontinue monitoring. 

HM-24 (annually); chloroform (49 ppb); soil had chemical odor from 12-24'; 
submersiblepoorly constructed well. CD = TD — 42.5'. 10' screen in 
Walnut,--shale, and clayey shale; has additional 27' filter pack in shale, 
clay; limestone, gravel, sand, silt, and clay. Will be sampled during 
RI/FS field investigations. Discontinue monitoring after RI/FS sampling 
completed; possibly abandon (priority III); creates vertical conduit for 
contaminants to move into Walnut. 

HM-25 (semiannually); solvents, floating product (fuel), oil and grease; 
drilled in 1983; boundary well; triloc, 4" PVC. TD — 42', CD — 39.3'. 
During drilling of this well, there were strong odors of "vinyl", "paint 
thinner", and "chemicals" in all materials from the surface fill through 
silty sandy clay, sandy clayey silt, sandy gravelly clay, and sand and 
gravel. The odors decreased in the Goodland limestone (24 - 32' deep). 
There did not appear to be a chemical odor in the underlying shale or 
Walnut (34 - 42'). The screened interval extends from 30' to 39.3' 
(Walnut, shale, Goodland limestone), but the sand pack extends to 5' 
depth. The well can now act as a conduit for downward migration of 
contaminants past the Goodland limestone into the underlying shale and 
Walnut Formation. 
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HM-18 (annually); Clean; tribe; poorly constructed monitoring well. 10'
screen in Walnut (4') and gravel (6'), with additional 21' filter pack in

gravel, sand, silty sand, sandy silt, and fill. Discontinue monitoring.

HM-19 (quarterly), solvents; triloc; 4" PVC. CD — 24'; 10' screened interval
with additional 8' sand/gravel pack. Sampling from fill, sand, Goodland
(2'), and 6' Walnut. Sampling interval is too long.

Recommendation: Suggest discontinue monitoring. Do not slug test.

HM-20 (quarterly); DCE (270 ppb), TCE (1,500 ppb), 1,1,1 trichloroetha.-780
ppb). 10' screen and additional 27' sand/gravel pack in

sa94l.
Problem: Bottom 1' of fill not sealed. Discontinue monit6rig,.\ \\ \

HM-2l. (monthly), dedicated bailer; high solvents [tta-DgE49,000 ppb)\
vinyl chloride (6,900), TCE (2,900)]; to1uene(22O).('ch1obenzene (250),
chloroform (290), oil and grease CD — 14', 10' scr,eeIi 'poorly ...

designed well. Screened interval is.entire1y in Wàln4 Filter pack
extends 1.2 ft. into fill, so it is not clear where-contaminants are
coming from (either fill or Walnut) Most likely, contaminants come from
fill and can travel down the. filter pack into the screened interval
Could be causing contamination of Walnut Sampled since 1983 Possibly
abandon (priority III)..

—/

HM-23 (annua-lty), clean, submersible boundary well 0 K construction, not
grea.t' 9' screen in Walnut"(5'>'.nd clayey sandy gravel (4'), with
additipnal 31' filter pack in gravel (1'), sand and gravel (16'), silty
clay (14') Discontinue monitoring

HM-24 (annua.lly), chloroform (49 ppb), soil had chemical odor from 12-24',
submersibla-'poorly constructed well. CD — TD — 42.5'. 10' screen in
Walnut--s'ha1e, and clayey shale; has additional 27' filter pack th shale,

clay limestone, gravel, sand, silt, and clay. Will be sampled during
RI/FS field investigations. Discontinue monitoring after RI/FS sampling
completed; possibly abandon (priority III); creates vertical conduit for
contaminants to move into Walnut.

HM-25 (semiannually); solvents, floating product (fuel), oil and grease;
drilled in 1983; boundary well; triloc, 4" PVC. TD —42', CD — 39.3'.
During drilling of this well, there were strong odors of "vinyl", "paint
thinner", and "chemicals" in all materials from the surface fill through

silty sandy clay, sandy clayey silt, sandy gravelly clay, and sand and
gravel. The odors decreased in the Coodland limestone (24 - 32' deep).
There did not appear to be a chemical odor in the underlying shale or
Walnut (34 - 42'). The screened interval extends from 30' to 39.3'
(Walnut, shale, Goodland limestone), but the sand pack extends to 5'
depth. The well can now act as a conduit for downward migration of
contaminants past the Goodland limestone into the underlying shale and
Walnut Formation.
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Recommendation: Although this is the only well in FDTA No. 5, it appears 
to have been a conduit for downward migration of contaminants into 
the Walnut. It is poorly completed with an excessive sand pack 
(34.3') through surface contaminated zones. However, it is the only 
monitoring well in FDTA No. 5 and it is a boundary well. Has 
floating product. Should be abandoned (priority II) at some point. 
Discontinue monitoring. 

HM-26 (semiannually), boundary well; solvents [TCA (220 ppb) and others], oil 
and grease, hand pump, drilled in 1983. CD — 15' (7' in Walnut, rest in 
sand and gravel). 

e..:: Problems: Top 0.3' screen is in bentonite pellets and water tabl
v  fluctuates here. Would change pH and create questionable-ater

:: 

quality. 7' of 10' screen is in Walnut. 

\ 
Recommendation: Similar to HM-21. Screen is in 	 where\water 

table is. Questionable water quality. 	con ue nitoring ', 
because it's not clear where contamination i 	 om (Walpuror 
sand and gravel), and assess whether well, is 	contamination of 
Walnut. Maybe should be abanstOned 'tpriority I 	and a new 9' well 
drilled nearby. Do not aqui er est. 

HM-27 (semiannually), solvents, 
CD — 14.2'; 9' screen w4' 1 
Bentonite pellets extend d ep 
Drilled through zone sate ate 
interve(is 5'. 

, of 	d ease drilled in 1983. 
in Valnut,ena V- in sand and gravel. 
r thanitOp of screen where water table is. 
ith fuel/oil at 2' to 4'. Top of sampling 

'Recommendations: Do not aquifer test. Water quality is questionable due 
to bentonite in screen where water table is Discontinue monitoring. 
Is a boundary well Consider abandoning later (priority III) if 
there i*,--terious problems with downward migration of contaminants 
into-Ilalnut (4') along the borehole annulus. 

HM-28 (semiannually); floating product, solvents, oil and grease; 4" PVC, 
triloc; drilled in 1983; poorly constructed monitoring well. CD — 41.3'; 
10' screened interval in Walnut (5') and clay/shale (Goodland 5'); 
sand/gravel pack extends an additional 27' through sand, gravel, clay, 
silt, and into fill. 

Recommendation: Discontinue monitoring due to poor completion (long 
sand/gravel pack), and floating product. 

HM-29 (semiannually); DCE (30 ppb), TCE (2,100), 1,1,1 trichloroethane (11). 
Do not aquifer test. 9.3' screen in Walnut (4'), sand and gravel (5'), 
and 0.5' in sandy gravelly clay. Is sand/filter packed an additional 
25.5' in clay, silty sand, and sandy silt. Is surface sealed through 
upper fill. Discontinue routine monitoring. Abandon (priority III) if 
water quality gets significantly worse. Creates conduit through silty 
clay layer for downward migration of contaminants. 

HM-30 (annually); TCE (2100 ppb), toluene (2), chromium (0.03 mg/L); triloc. 
Can't detect floating product. 9' screen in Walnut, shale, and clay. Has 

A-7 

57 44
Recommendation: Although this is the only well in FDTA No. 5, it appears

to have been a conduit for downward migration of contaminants into
the Walnut. It is poorly completed with an excessive sand pack
(34.3') through surface contaminated zones. However, it is the only
monitoring well in FDTA No. 5 and it is a boundary well. Has
floating product. Should be abandoned (priority II) at some point.
Discontinue monitoring.

1114-26 (semiannually), boundary well; solvents [TCA (220 ppb) and others], oil
and grease, hand pump, drilled in 1983. CD ,— 15' (7' in Walnut, rest in
sand and gravel).

Problems: Top 0.3' screen is in bentonite pellets and water tab1e—\
fluctuates here. Would change pH and create questionabiate5._-
quality. 7' of 10' screen is in Walnut.

Recommendation: Similar to 1*1-21. Screen is in to.t'e wherewat'r
table is. Questionable water quality. conjkriejupnitoring
because it's not clear where contamination icjMfig om (Wanuor
sand and gravel), and assess whether welL is ' of
Walnut. Maybe should be abandned priority I'k) and a new 9' well
drilled nearby. Do not aquier est.

HM-27 (semiannually), solvçuel,I oi ease,-dlled in 1983
CD — 14 2', 9' scteen wLh 4' \in alnut,a(d 5 in sand and gravel
Bentonite pellets extend depr tian'top of screen where water table is.
Drilled ;otigh zone satu±Tatjith fuel/oil at 2' to 4' Top of sampling
interyaI' is 5' . —___\

Reccjrnendations: Do not aquifer test. Water quality is questionable due
to bentonite in screen where water table is Discontinue monitoring
Is a boundary well Consider abandoning later (priority III) if
there is—serious problems with downward migration of contaminants
into-1alnut (4') along the borehole annulus.

HM-28 (semiannually); floating product, solvents, oil and grease; 4" PVC,
triloc; drilled in 1983; poorly constructed monitoring well. CD — 41.3';
10' screened interval in Walnut (5') and clay/shale (Goodland 5');

sand/gravel pack extends an additional 27' through sand, gravel, clay,
silt, and into fill.

Recommendation: Discontinue monitoring due to poor completion (long
sand/gravel pack), and floating product.

1*1-29 (semiannually); DCE (30 ppb), TCE (2,100), 1,1,1 trichloroethane (11).
Do not aquifer test. 9.3' screen in Walnut (4'), sand and gravel (5'),
and 0.5' in sandy gravelly clay. Is sand/filter packed an additional
25.5' in clay, silty sand, and sandy silt. Is surface sealed through
upper fill. Discontinue routine monitoring. Abandon (priority III) if

water quality gets significantly worse. Creates conduit through silty
clay layer for downward migration of contaminants.

HM-30 (annually); TCE (2100 ppb), toluene (2), chromium (0.03 ing/L); triloc.
Can't detect floating product. 9' screen in Walnut, shale, and clay. Has
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additional 38' gravel pack in clay, sand and gravel, silt, and sand. 
Poorly constructed monitoring well. Discontinue monitoring. Perhaps 
abandon (priority III) . 

HM-31 (semiannually); vinyl chloride (28 ppb), DCE (1000), TCE (2,900); 
drilled in 1983, boundary well; CD — 40.1 ft. 9.3' screen interval in 
Walnut (4') and shale/limestone (5'). Excessive sand/gravel pack extends 
an additional 24.3' through shale, limestone, clay, clayey sand and 
gravel, and silty clay. Sealed through upper fill with bentonite (3') and 
cement (3.5'). Creates vertical pathway for downward migration of 
contaminants through otherwise relatively impermeable layers. Abandon 
(priority III) and drill new multiple-level well nearby. 

HM-33 (not in H+A monitoring plan); clean; boundary well; only w, 	in 
No. 3; 2" PVC; bailer. TD 	28'. CD 	26.6'; 10.6' screavr"in Walnut 
(3.6'), Goodland (3'), clay (2') and fill (2'). Unce 	ftther filter 
pack used. Uncertain completion for additional 1 	g 	 \ 
Bentonite seal (2') and cement seal to surfaco-'("3') 	Do 	t monitor or 
aquifer test. Poor monitoring well design and compl on cords.\,„ 

HM-36 (annually); trace DCE (2 ppb), TCE (2); Cr. Boundary well Uncertain 
completion details. CD — 15.6'. 5' 'screen in Walnut (3.6') and sandy 
gravel (1.4'). Uncertainc.ompletion for'6' in sand,,,gravel, clay. Keep. 
Priority III for monitoring. 

HM-37 (semiannually), solvents, oil and grease, 2" PVC, drilled in 1984. 
CD 	10.5,!-I—screened interva 	5%5 - 10.5'; (7' — Top of 
Walnutl: 

' Problem: It is unclear whether there are cuttings or a sand/gravel pack 
around the screen (report text says filter pack, table in same report 
says no filter pack). 

Recommendation: Discontinue monitoring due to uncertainty in whether 
-there is a sand/gravel pack or not. Do not aquifer test because it 
is completed in Walnut, sandy clay, and clayey gravel. Well is 
potential pathway for contamination of Walnut. 

HM-38 (semiannually), solvents, free product (fuel); drilled in 1984; 2 " PVC. 
CD — 19.6', 10' screen in clayey sand and gravel, silty sand, and fill 
(5.5'). 

Problem: Unclear whether drill cuttings or sand/gravel used around 
screen. 

Recommendation: Discontinue monitoring. Do not aquifer test or sample. 
Due to presence of free floating product, can't get uncontaminated 
water sample. 

HM-39 (semiannually), solvents, oil and grease; 2" PVC, drilled in 1984. 
CD — 14', screen — 10' (7' in Walnut, 3' in silty clayey 
sand). 
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additional 38' gravel pack in clay, sand and gravel, silt, and sand.
Poorly constructed monitoring well. Discontinue monitoring. Perhaps
abandon (priority III)

HM-3l (semiannually); vinyl chloride (28 ppb), DCE (1000), TCE (2,900);
drilled in 1983, boundary well; CD — 40.1 ft. 9.3' screen interval in
Walnut (4') and shale/limestone (5'). Excessive sand/gravel pack extends
an additional 24.3' through shale, limestone, clay, clayey sand and
gravel, and silty clay. Sealed through upper fill with bentonite (3') and
cement (3.5'). Creates vertical pathway for downward migration of

contaminants through otherwise relatively impermeable layers. Abandon
(priority III) and drill new multiple-level well nearby.

HM-33 (not in H+A monitoring plan); clean; boundary well; only wi3D1
No. 3; 2" PVC; bailer. TD — 28'. CD — 26.6'; 10.6' screein Walnut
(3 6'), Goodland (3'), clay (2') and fill (2') Uncittyéther filter
pack used. Uncertain completion for additional V'thrpgh fil1
Bentonite seal (2') and cement seal to surfact3')—Doipt monitor or
aquifer test Poor monitoring well design and -'

HM-36 (annually), trace DCE (2 ppb), TCE (2), Cr Boundary well
completion details CD — 15 6' 5' creen in Walnut (3 6')
gravel (1 4') Uncertainc.ompletion for 6' in sand,gravel,
Priority III for monitoring

HM-37 (semiannually), solvents., ci1 and grease, 2" PVC, drilled in 1984
CD — 10 .Jscreened intervaf 5 5 - 10 5', (7' — Top of

Walnu.t7'

Probl'm: It is unclear whether there are cuttings or a sand/gravel pack
around the screen (report text says filter pack, table in same report
says no filter pack)

Recommendation: Discontinue monitoring due to uncertainty in whether
-there is a sand/gravel pack or not. Do not aquifer test because it
is completed in Walnut, sandy clay, and clayey gravel. Well is
potential pathway for contamination of Walnut.

HM-38 (semiannually), solvents, free product (fuel); drilled in 1984; 2 " PVC.
CD — 19.6', 10' screen in clayey sand and gravel, silty sand, and fill
(5.5').

Problem: Unclear whether drill cuttings or sand/gravel used around
screen.

Recommendation: Discontinue monitoring. Do not aquifer test or sample.
Due to presence of free floating product, can't get uncontaminated
water sample.

HH-39 (semiannually), solvents, oil and grease; 2" PVC, drilled in 1984.
CD — 14' , screen — 10' (7' in Walnut, 3' in silty clayey
sand).
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Problem: Unclear whether drill cuttings or sand/gravel used around 
screen. Bentonite in screen. 

Recommendation: Discontinue monitoring. 

HM-40 (not in H+A monitoring plan); clean; located in Radar Range, SE of 
Landfill No. 2, south of new Chemical Processing building construction; 2" 
PVC; bailer. TD — 53' (4' into Walnut). Uncertain how bottom 7' of hole 
was completed. CD 46'. Monitoring well screen is above the 3' basal 
gravel layer. 10' screen in sand (4'), sand/silt (4'), and sand (2'). 
Uncertain whether filter pack used. Uncertain completion for 33.5' in 
sand and silty/sandy clay. Bentonite seal (1') in clay; cement seal,„,  
(1.5') in clay to surface. Poor monitoring well design. Do not monitor. 

HM-41 (annually); clean, TCE (12 ppb); 2" bailer. Will be affeCted by new 
chemical processing building. CD — 45.9'. 10' scree 	%WaltUt (51), 
gravel (3'), sandy siltyclay (2'). Uncertain co 	eti 	details for next 
28' through clay, sand, silt. Flush mount if ssi 	ill new well if 
have to abandon. Priority III for monitoring, 

HM-42; (semiannually); fuel, oil and greale,Cr. Let 	decide whether to 
abandon or not, as above. Not clear bbether it was backfilled or has sand 
gravel pack to 5 feet belgs& surface. : SCreened interval is 36.2 - 46.2'. 
Drilled to just below ,top of ,Falnut. ,..„Worthless as monitoring well 
Discontinue monitoring.„---, 

HM-46 (semiapnmmily); new chemical'process building area; clean; discontinue 
monitoting. Much uncertainty as; to screened interval and sand/gravel pack 
a.m/sten . The completion table shows a 1' screen but suspect it is 10'. 
The eport table shows no pea gravel or sand used, the text says it was 
used for all wells covered in the report. Drilled to 43.4', just below 
top of Walnut; has 2" PVC. Let GD decide whether to abandon or protect 
durinvcOnstruction. Due to confusion, discontinue monitoring. 

HM-47 (seMiannually); solvents (DCE, TCE); drilled 1984; 4" PVC; hand pump; 
poor monitor well design. 10' screen sits 8.5' above bottom of hole. 
Solvents will collect in that, so can't sample DNAPLs. Screened in sand -
and gravel but sand packed for additional 9.5' into clayey silt. No other 
wells in area, so keep well. Discontinue monitoring unless there is a 
need for data in this area. 

HM-48 (annually); DCE (1 ppb), TCE(93), chloroform (12). Submersible pump; 
water level fluctuates above top of screen (can't detect LNAPLs). 
TD — 33', CD — 27.5'. Not clear how bottom 5.5' of hole completed. Won't 
detect DNAPLs. 10' screen in Goodland limestone/shale. Additional 9.5' 
filter pack in Goodland (0.5'), clayey sand and gravel (7'), and silty 
sandy clay (2'). Bentonite seal and cement surface seal through sand and 
gravel and fill. Not great monitoring well construction; but O.K. 
Discontinue routine monitoring. 

HM-49 (annually); clean; DCE (10 ppb), TCE (2); triloc; Uncertain well 
completion (don't have data on filter pack. Report says filter packed, 
table says not). CD — 10.4'; 5.5' screen in Walnut (4.4'), and clay 
(1.1'). Bentonite and cement through clay and fill. O.K. well 
construction. Keep. Discontinue routine monitoring. 
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?roblem: Unclear whether drill cuttings or sand/gravel used around

screen. Bentonite in screen.

Recommendation: Discontinue monitoring.

HM-40 (not in H+A monitoring plan); clean; located in Radar Range, SE of
Landfill No. 2, south of new Chemical Processing building construction; 2"
PVC; bailer. TD — 53' (4' into Walnut). Uncertain how bottom 7' of hole
was completed. CD — 46'. Monitoring well screen is above the 3' basal
gravel layer. 10' screen in sand (4'), sand/silt (4'), and sand (2').
Uncertain whether filter pack used. Uncertain completion for 33.5' in
sand and silty/sandy clay. Bentonite seal (1') in clay; cement seal
(1.5') in clay to surface. Poor monitoring well design. Do not monitor.

HM-4l (annually); clean, TCE (12 ppb); 2" bailer. Will be a.fected by new

chemical processing building CD — 45 9' 10' screp—1 Wa..1tut (51),
gravel (3'), sandysilty clay (2'). Uncertain c ietpi details for next
28' through clay, sand, silt. Flush mount i ssjlT, i1l new well if
have to abandon. Priority III for monitoring,.

HM-42; (semiannually); fuel, oil and g"Cr. Let GDide whether to
abandon or not, as above. Not clear bether it was backfilled or has sand
gravel pack to 5 feet be,g3&surface Screened interval is 36 2 - 46 2'

Drilled to just belowop of Walnut )Jorthless as monitoring well
Discontinue monitoring V— —

HM-46 (semiapa'ual1y), new chenicT process building area, clean, discontinue
monitfng Much uncertauty as to screened interval and sand/gravel pack
estenoeT The completion table shows a 1' screen but suspect it is 10'.
Theeport table shows no pea gravel or sand used, the text says it was
used for all wells covered in the report. Drilled to 43.4', just below
top of WaLnut; has 2" PVC. Let GD decide whether to abandon or protect
during—construction. Due to confusion, discontinue monitoring.

HM-47 (semiannually); solvents (DCE, TCE); drilled 1984; 4" PVC; hand pump;
poor monitor well design. 10' screen sits 8.5' above bottom of hole.
Solvents will collect in that, so can't sample DNAPLs. Screened in sand -
and gravel but sand packed for additional 9.5' into clayey silt. No other
wells in area, so keep well. Discontinue monitoring unless there is a
need for data in this area.

HM-48 (annually); DCE (1 ppb), TCE(93), chloroform (12). Submersible pump;
water level fluctuates above top of screen (can't detect LNAPLs).
TD — 33', CD — 27.5'. Not clear how bottom 5.5' of hole completed. Won't
detect DNAPLs. 10' screen in Goodland limestone/shale. Additional 9.5'
filter pack in Goodland (0.5'), clayey sand and gravel (7'), and silty
sandy clay (2'). Bentonite seal and cement surface seal through sand and
gravel and fill. Not great monitoring well construction; but O.K.
Discontinue routine monitoring.

1-111-49 (annually); clean; DCE (10 ppb), TCE (2); triloc; Uncertain well
completion (don't have data on filter pack. Report says filter packed,
table says not). CD — 10.4'; 5.5' screen in Walnut (4.4'), and clay
(1.1'). Bentonite and cement through clay and fill. O.K. well
construction. Keep. Discontinue routine monitoring.
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HM-50 (semiannually); solvents, vinyl chloride (660 ppb), DCE (2,000), TCE 

(170); fuel; 2" PVC, triloc, drilled in 1984; CD — 14.0', 10' screen in 
Walnut (7'), and fill (3'); unclear whether sand/gravel was used as filter 
pack. Do not aquifer test. Hargis + Associates suggested monitoring to 
check effectiveness of French Drains. Suggest discontinuing monitoring. 

HM-51 (semiannually); DCE (120,000 ppb), methylene chloride (200,000), TCE 
(340,000 ppb), 1,2-DCA (40,000), toluene (58,000 ppb), chloroform (6,000 
ppb); triloc, 4" PVC; drilled in 1984; suspect presence of solvent-related 
free product. 

Recommendation: Well design is good, but a lot of data exist frosr-61.12s 
well. Priority III for monitoring because it is the only,-Vell 
FDTA2. 

HM-52 (annually); DCE (1 ppb), TCE (42), PCE (2), ck ofo 
TD — 26'. CD — 23.3'. Uncertain how bottom 2<i' ok 
Goodland limestone/shale. 10' screen in Goodlanei* 
and sand and gravel (4.7'). Additional 8.3' in sand a 

(4); triloc% 
completed in 

ton/shale (5,,,e3"), 
gravel. Bentonite 

and cement seal through sand and fill. O.K. construction. Do not aquifer 
test. Keep. 

HM-53 (quarterly); solvents [methylene ch].oride-(12 ppb); TCE (800)]; fuel 
[toluene (24), benzene (780), ,ethylbenzene (56)]; hand-pump. CD — 35.4', 
10' screen in Walnut (3')„Goodland (1'), sand and gravel (6'). 
Additiona3--AS..5' sand/gravel pack through sand and gravel. Bentonite and 
cemenehrough surface fill Although excessive filter pack, the 

2.anst 	ion is o.k. as it goes through sand and gravel anyway. Priority 
III or monitoring,. 

HM-5'6 (semiannually)'; DCE (6 ppb), toluene (53), benzene (280), ethylbenzene 
(18);%drilled'in 1984. CD 	BTH — 40'; 10' screen in Walnut (5') and 
Goodland--('5'). Not clear whether sand/gravel pack exists from 40 - 7.5' 
through 22.5' additional sandy clay/clayey sand, sandy silty clay, silty 
clay. Appears contaminants already were at area of water table 
fluctuation (25 - 23.5') during drilling ("strong solvent odor" "strong 
fuel odor"). Well is not screened to pick up LNAPLs (top of screen is 5 -
7.5' below water table). Excessive filter pack? Priority III for 
monitoring. 

HM-57 (annually); (East Parking Lot); bailer. Large water-level fluctuations. 
Related to water main leak (potable water supply or fire suppression 
line)? TD — CD — 39'; 10' screen in Walnut (5'), silty clay (5'). 
Uncertain if filter pack was used for next 23.6' (report says it was, 
table says it wasn't) through clay, limestone, shale. Has bentonite and 
cement seals through fill and part of Goodland. Water level fluctuates 
entirely above top of screen (can't detect LNAPLs). Keep. Discontinue 
routine monitoring. Poor monitoring well construction. 

HM-59 (annually); (Northern E.P.L.), TCE (9 ppb), PCE (34), toluene (5); 
triloc; TD — 39'; CD 	38'. 10' screen in Walnut (3'), clayey shale (7'). 
Uncertain whether filter pack or backfill used for next 23' through shale, 
limestone, and clay (report says filter pack used on all wells; completion 
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UN-SO (semiannually); solvents, vinyl chloride (660 ppb), DCE (2,000), TCE

(170); fuel; 2" PVC, triloc, drilled in 1984; CD — 14.0', 10' screen in
Walnut (7'), and fill (3'); unclear whether sand/gravel was used as filter
pack. Do not aquifer test. Hargis + Associates suggested monitoring to
check effectiveness of French Drains. Suggest discontinuing monitoring.

UN-Si (semiannually); DCE (120,000 ppb), methylene chloride (200,000), TCE
(340,000 ppb), l,2-DCA (40,000), toluene (58,000 ppb), chloroform (6,000
ppb); triloc, 4" PVC; drilled in 1984; suspect presence of solvent-related
free product.

Recommendation: Well design is good, but a lot of data exist fro-i
well. Priority III for monitoring because it is the only.-we1kr(
TA2.

HM-52 (annually); DCE (1 ppb), TCE (42), PCE (2), chLetofoi'(4); trilo&
TD — 26'. CD — 23.3'. Uncertain how bottom 2-.7' in
Coodland limestone/shale. 10' screen in GoodlanlimeEo/shale 5-3'),
and sand and gravel (4.7'). Additional. 8.3' in sand a.dgravel. Bentonite
and cement seal through sand and fill. O.K. construction. Do not aquifer
test Keep

HM-53 (quarterly), solvents [methylene chlotide.-(l2 ppb), TCE (800)], fuel
[toluene (24), benzene (780), ethylbenzerie (56)], hand-pump CD — 35 4',
10' screen in Walnut (3'), Goodland (1') sand and gravel (6')
Additionar1' sand/gravel paek tluough sand and gravel Bentonite and
cemehrough surfaee ftll Alt*tough excessive filter pack, the

5etstrtion is o.k. as it goes through sand and gravel anyway. Priority
III,-fr monitoring,.

HM-56 (semiannually), DCE (6 ppb), toluene (53), benzene (280), ethylbenzene
(i8);'d*illedin 1984. CD — BTH —40'; 10' screen in Walnut (5') and
Goodland(5'). Not clear whether sand/gravel pack exists from 40 - 7.5'
through 22.5' additional sandy clay/clayey sand, sandy silty clay, silty
clay. Appears contaminants already were at area of water table
fluctuation (25 - 23.5') during drilling ("strong solvent odor" "strong
fuel odor"). Well is not screened to pick up LNAPLs (top of screen is S -
7.5' below water table). Excessive filter pack? Priority III for
monitoring.

HM-57 (annually); (East Parking Lot); bailer. Large water-level fluctuations.
Related to water main leak (potable water supply or fire suppression
line)? TD — CD — 39'; 10' screen in Walnut (5'), silty clay (5').
Uncertain if filter pack was used for next 23.6' (report says it was,
table says it wasn't) through clay, limestone, shale. Has bentonite and
cement seals through fill and part of Goodland. Water level fluctuates
entirely above top of screen (can't detect LNAPLs). Keep. Discontinue
routine monitoring. Poor monitoring well construction.

HH-59 (annually); (Northern E.P.L.), TCE (9 ppb), PCE (34), toluene (5);
tribe; TD — 39'; CD — 38'. 10' screen in Walnut (3'), clayey shale (7').
Uncertain whether filter pack or backfill used for next 23' through shale,
limestone, and clay (report says filter pack used on all wells; completion
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table in same report shows none used.) Bentonite and cement through fill. 
Poor monitoring well construction. Couldn't find LNAPLs because water 
level fluctuates entirely above screen. O.K. to aquifer text for lumped 
hydraulic conductivity of Goodland limestone, shale, and clay. Creates 
vertical conduit through lower transmissivity layers. Discontinue routine 
monitoring. Possibly abandon (priority III) if becomes contaminated. 

HM-60 (semiannually); TCE (850 ppb), chromium (0.01 mg/1), drilled in 1984. 
TD — CD — 36'; 10' screen in Walnut (4'), Goodland (2'), sand and clay 
(2'), clayey gravel (2'). Uncertain whether sand/gravel pack exists 
between bottom of the hole (BTH) and bottom of surface seal (4.5'), which 
is an additional (21.5'). OK construction because hole was drilled • 
gravels mostly. Discontinue routine monitoring. 

HM-62 (semiannually); solvents; TCE (3 ppb), toluene (1), 1, 
trichloroethane (10); drilled in 1984. 2" PVC, trilo 	Uppef&in 
completion details. CD — 39'. 10' screen in Wa 	, gravel (3'), 
silt/sand (1'). Uncertain sand/gravel intery 	 Discontinue 
monitoring. 

HM-63 (quarterly); vinyl chloride (356' ppb), DCE (860) 	CE (760), toluene 
(48), benzene (470), ethylbenzene (390). Monitors water quality 
downgradient of abovegrou fuel storage' tank. Uncertain completion. No 
details on sand/gravel--pack. 10' screetin,Walnut (4'), Goodland (4'), 
sand and gravel W1. Comple ion uncertain for 23' through sand and 
gravel, sandy gravelly clay, nd silty sand. Priority III for monitoring. 

HM-64 (semiannually); DEE (2 ppb), TtE (64), PCE (380), CD — 32'; 10' screen 
i Goodland (2'), gravelly sate (8'). Not clear whether sand/gravel pack 

''was,,nsed from 4.8' to 32' (27.2' total) through clay and sand. Upper fill 
(0-4') had strong solvent or fuel odor. Well acts as vertical conduit to 
aid in transportof contaminants. Discontinue monitoring and consider 
abandoningjyrriority III) . 

HM-65 (annually); PCE (2 ppb), toluene (1); triloc; strong solvent odor, 
greasy texture in top 3' of borehole. TD — 18'. CD — 16.1'; 10' screen 
in shell agglomerate (6') and Goodland limey shale, clay (4'). Bentonite 
in contact with top 0.4' of screen. Bentonite and cement seals through 
surface contamination. Water level ranges from near the top of screen to 
mostly above the top of screen (unlikely to find LNAPLs). Unclear how 
bottom 2' of hole completed (unlikely to find DNAPLs). OK to aquifer test 
for Goodland hydraulic conductivity. Keep well. Bentonite in screen may 
affect pH and water quality. 

HM-66 (semiannually); TCE (61), toluene (13); drilled in 1985. CD — 20.2'; 
10' screen in Walnut (3'), Goodland (7') with additional 3.6' sand/gravel 
pack in Goodland. Sealed to surface. Good design. Could aquifer test 
for Goodland hydraulic conductivity. Priority III for monitoring. 

HM-68 (annually); southernmost well on Grants Lane; DCE (2 ppb), TCE (15), Cr? 
Bailer. TD — 37'; CD — 34.5'. Unclear how bottom 2.5' completed. 20' 
screen in shell agglomerate (3.5'), limestone (5'), clayey gravel (11.5'). 
Filter pack for additional 8.5' through sandy gravelly clay and sandy 
silty clay. Has bentonite and cement seals through fill. Poorly designed 
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table in same report shows none used.) Bentonite and cement through fill.
Poor monitoring well construction. Couldn't find LNAPLs because water
level fluctuates entirely above screen. O.K. to aquifer text for lumped
hydraulic conductivity of Goodland limestone, shale, and clay. Creates
vertical conduit through lower transmissivity layers. Discontinue routine
monitoring. Possibly abandon (priority III) if becomes contaminated.

HM-60 (semiannually); TCE (850 ppb), chromium (0.01 mg/i), drilled in 1984.
TD — CD — 36'; 10' screen in Walnut (4'), Goodland (2'), sand and clay

(2'), clayey gravel (2'). Uncertain whether sand/gravel pack exists
between bottom of the hole (BT}I) and bottom of surface seal (4.5'), which
is an additional (21.5'). OK construction because hole was drilled

gravels mostly. Discontinue routine monitoring.

HM-62 (semiannually); solvents; TCE (3 ppb), toluene (1), 1,.
trichioroethane (10); drilled in 1984. 2" PVC, triL
completion details. CD — 39'. 10' screen in WaJ,

silt/sand (1'). Uncertain sand/gravel intervaY(
monitoring.

HN-63 (quarterly); vinyl chloride (35o—b); DCE (860) ,.-1CE (760), toluene
(48), benzene (470), ethylbenzene(3O).. Monitors water quality
downgradient of abovegr&fuel storage tank Uncertain completion No

details on sand/graveipack \10' screen in Walnut (4'), Goodland (4'),
sand and gravel (2k) ,Ccmpleion uncertain for 23' through sand and

gravel, sandy gravelly silty sand. Priority III for monitoring.

HM-64 (semtannually); DCE (2ppb,;t8' (64), PCE (380), CD —32'; 10' screen
i Goodland (2'), gravelly sand (8') Not clear whether sand/gravel pack
was ied from 4.8' to 32' (27.2' total) through clay and sand. Upper fill
(0-4') had stron& solvent or fuel odor. Well acts as vertical conduit to
aid in transporof contaminants. Discontinue monitoring and consider

abandoning cpriority III)

HM-65 (atmually); PCE (2 ppb), toluene (1); triloc; strong solvent odor,
greasy texture in top 3' of borehole. TD — 18'. CD — 16.1'; 10' screen

in shell agglomerate (6') and Goodland limey shale, clay (4'). Bentonite
in contact with top 0.4' of screen. Bentonite and cement seals through
surface contamination. Water level ranges from near the top of screen to
mostly above the top of screen (unlikely to find LNAPLs). Unclear how
bottom 2' of hole completed (unlikely to find DNAPLs). OK to aquifer test
for Goodland hydraulic conductivity. Keep well. Bentonite in screen may
affect pH and water quality.

HM-66 (semiannually); TCE (61), toluene (13); drilled in 1985. CD — 20.2';
10' screen in Walnut (3'), Goodland (7') with additional 3.6' sand/gravel
pack in Goodland. Sealed to surface. Good design. Could aquifer test
for Goodland hydraulic conductivity. Priority III for monitoring.

HM-68 (annually); southernmost well on Grants Lane; DCE (2 ppb), TCE (15), Cr?
Bailer. TD — 37'; CD — 34.5'. Unclear how bottom 2.5' completed. 20'
screen in shell agglomerate (3.5'), limestone (5'), clayey gravel (11.5').
Filter pack for additional 8.5' through sandy gravelly clay and sandy
silty clay. Has bentonite and cement seals through fill. Poorly designed
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monitoring well. Excessive screen and filter pack. Do not aquifer test. 
Creates vertical conduit to Walnut. Discontinue routine monitoring. 
Possibly abandon (priority III) in future if water quality deteriorates. 

HM-69 (annually); DCE (8 ppb), TCE (11), Cr?; triloc. TD - 38'; CD - 37'. 
10' screen in limestone (5') and calcareous shale (5'). Additional 23.5' 
filter pack in shale (1'), Goodland shale (16'), gravel (6'), and fill 
(0.5'). Water level fluctuates entirely above top of screen -- couldn't 
find LNAPLs if present. Was aquifer tested but not a good well to test. 
Creates vertical conduit through mostly relatively low hydraulic 
conductivity layers. Bentonite and cement seals. Discontinue routine 
monitoring. Possibly abandon (priority III) as it may create conduitJ,tiat a 
later time for contamination of Walnut. 

HM-70 (semiannually); solvents: DCE (14 ppb), TCE (9,900), chloroform(1); 
Cr; poor but O.K. monitoring well construction. CD 	 screen in 
limestone (Walnut), clayey shale, and shaley cla 	oo nd). Sand/gravel 
pack extends additional 30' through clay. Courd be...s pa ay for TCE to 
migrate downward. Discontinue monitoring. Consfaer arming (p4atity 
III) if not too costly. 

HM-71 (semiannually); DCE (19 ppb), TCE MO), PCE (85)., Walnut is at least 
9.5' thick in this area2,Drilled19.1' into Walnut, _but screen and filter 
pack start 14' above boittom dc hole. 1_,Ntit clear whether bottom of hole was 
grouted because nothing--i-ss meltioned. There  is a 10' screen with an 
additional 30' sand/gravel)paA in a silty clay. Is a conduit for 
vertical,mfgration- Priority In far monitoring. If water quality gets 
worsa-;--Well should be abanddned ftriority III). 

HMC72 (annually); clean, triloc; only well in this vicinity. CD - 39.9'. 10' 
screen through Walnut-limestone (3.9'), sandy shale (6'), and shaley clay 
(0.1'). Additional 23.4' of filter pack through shaley clay (3.9') and 
clay (19.52:'" Bentonite and cement through rest of clay and fill. Water 
level fluctuates entirely above the screen. Couldn't find LNAPLs if 
present. Excessive filter pack. Creates vertical conduit through low 
permeability materials. Keep well, as it is only well in this area. 
Possibly abandon (priority III) if surface plumes move close to well. 

HM-75 (not in H+A recent monitoring program); clean; upgradient of FSA No. 2 
and near south end of solvent lines; drilled 1/9/85. Poor monitoring well 
construction. TD - CD - 30.3'; 10' screen in Walnut (8'), Goodland (2'). 
Additional 15.5' filter pack through Goodland (silty clay). Bentonite and 
cement seal to surface. Do not monitor. 

HM-76 (annually); toluene (2 ppb); triloc TD - CD - 34.3'. 10' screen in 
Walnut. Additional 19.5' in Goodland (7.5') and fill (12'). Bentonite 
and cement seals to surface. Water level fluctuates entirely above top of 
screen (couldn't find LNAPLs). Not great well construction. Keep. Do 
not aquifer test. 

HM-77 (annually); TCE (10 ppb); triloc. TD - 35', CD - 33.8'; 10' screen in 
Walnut (3.8') and gravel (6.2'). Additional 17.3' filter pack in gravel 
(7') and silty clay (10.3'). Cement and bentonite seals to surface. Do 
not aquifer test. Excessive filter pack. Poorly designed monitoring 
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monitoring well. Excessive screen and filter pack. Do not aquifer test.
Creates vertical conduit to Walnut. Discontinue routine monitoring.
Possibly abandon (priority III) in future if water quality deteriorates.

HM-69 (annually); DCE (8 ppb), TCE (11), Cr?; triloc. TD — 38'; CD — 37'.
10' screen in limestone (5') and calcareous shale (5'). Additional 23.5'
filter pack in shale (1'), Coodland shale (16'), gravel (6'), and fill
(0.5'). Water level fluctuates entirely above top of screen -- couldn't
find LNAPLs if present. Was aquifer tested but not a good well to test.
Creates vertical conduit through mostly relatively low hydraulic
conductivity layers. Bentonite and cement seals. Discontinue routine
monitoring. Possibly abandon (priority III) as it may create conduiat a
later time for contamination of Walnut. —

HM-70 (semiannually); solvents: DCE (14 ppb), TCE (9,900), chtoroorm\(1);
Cr; poor but O.K. monitoring well construction. CD_4\.-i', screen in
limestone (Walnut), clayey shale, and shaley clato.]nd). Sand/&ravel
pack extends additional 30' through clay. Coud b-a pa)hway for TCEto
migrate downward. Discontinue monitoring. Consf&and ing (prjoity
III) if not too costly.

HN-71 (semiannually), DCE (19 ppb), TCE 90), PCE (85), Walnut is at least
9 5' thick in this area —çilledl9 ' itto Walnut, ut screen and filter
pack start 14' above b'otom o hole L..NOt c,lear whether bottom of hole was
grouted because nthing-m.mertioned There is a 10' screen with an
additional 30' sand/grave].pak in a silty clay Is a conduit for

verticalmtration Priørity III foz monitoring If water quality gets
worse-, well should be abandoned (priority III)

HM72 (annually); clean, triloc; only well in this vicinity. CD — 39.9'. 10'

screen through Walnut" limestone (3.9'), sandy shale (6'), and shaley clay
(0.1'). Additional 23.4' of filter pack through shaley clay (3.9') and
clay (-I9.5'> Bentonite and cement through rest of clay and fill. Water
level fitictuates entirely above the screen. Couldn't find LNAPLs if
present. Excessive filter pack. Creates vertical conduit through low
permeability materials. Keep well, as it is only well in this area.
Possibly abandon (priority III) if surface plumes move close to well.

HM-75 (not in H-i-A recent monitoring program); clean; upgradient of FSA No. 2
and near south end of solvent lines; drilled 1/9/85. Poor monitoring well
construction. TD — CD — 30.3'; 10' screen in Walnut (8'), Coodland (2').
Additional 15.5' filter pack through Goodland (silty clay). Bentonite and
cement seal to surface. Do not monitor.

HM-76 (annually); toluene (2 ppb); triloc TD — CD — 34.3'. 10' screen in
Walnut. Additional 19.5' in Goodland (7.5') and fill (12'). Bentonite
and cement seals to surface. Water level fluctuates entirely above top of
screen (couldn't find LNAPLs). Not great well construction. Keep. Do

aquifer test.

1*1-77 (annually); TCE (10 ppb); triloc. TD — 35', CD — 33.8'; 10' screen in
Walnut (3.8') and gravel (6.2'). Additional 17.3' filter pack in gravel
(7') and silty clay (10.3'). Cement and bentonite seals to surface. Do
not aquifer test. Excessive filter pack. Poorly designed monitoring
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well. Water level sometimes above top of screen. Keep. Discontinue 
routine monitoring. 

HM-78 (quarterly); floating product; construction not great. Screened 
interval (10'-long) is 2' in sandy clay, 4' in gravel and 4' in Walnut. 
Sand/gravel pack extends for an additional 14' through sandy clay into the 
surface silty clay. Provides a conduit for migration of contaminants. 

Recommendation: Discontinue monitoring. Has floating product and was 
poorly constructed. 

	

HM-79 (semiannually); DCE (1 ppb), TCE (60), PCE (12), toluene (1); MEK 	0), 
toluene (1), trichlorofluoromethane (1). Poor monitoring well 
construction: CD 	40.9'; 10' screen in Walnut (4'), gravel ,C  ), slqdiey 
clay (3'); sand/gravel pack extends additional 25' in shaley'clay and 
silty clay to within 6' of surface. Discontinue rout 	,monitOring, 

dway between P-
kness of Walnut 
4 wells te 

t 593.6' and 593'. 
At P-16US, the Walnut is only 1.51 thick and the top of the Walnut is at 
587.3'. HM-82 was drille to within a few feet of the Walnut (596.3') and 
then completed with a,,4 .4,  'aland/gra,l-epack„(in-natural silty clay) to 
within 7' of the _gronn4_,surfane. 	 ihould be abandoned (priority 
I) as it is contaminated withisohrenta (DCE and TCE) and the 43.3' 
sand/grave}-Track acts as-a conduit in the silty clay for the solvents to 
migrate" to within a ,few feet-, of every thin Walnut. This well poses a 
sorious,r1-ak to the Paluxy aquffer. 

HM-84 (annually);: Carbon,.- etrachloride (2),trans-1,2-Dichloroethylene (24), 
Trichloroethylene (3); well is in the Compass Rose Area Good records of 
this weIl,can-'not be found. 

HM-86 (sethiannually); DCE (38 ppb), TCE (1,000), chloroform (2); well is very 
close to P-14U and P-14US. Lithologic log shows borehole was drilled 
through Walnut, Upper Paluxy, and Paluxy Upper Sand. However, completion 
diagram and report (Window Area Investigation) state that total depth was 
56'. It is not clear whether bottom of borehole was properly plugged and 
abandoned. The remainder of the borehole is poorly designed. The bottom 
of the well is 590.0', which is only 2' above the top of the Walnut or, 
according to the lithologic log, it is at the top of the Walnut!. The 
Walnut is only 5.5' thick here. The well has a 30' screened interval with 
an additional 7.5' sand pack. Above a 1' bentonite seal is 11.5' of 
cuttings. The surface seal only extends down 2' from the surface. This 
is a very poorly designed monitoring well, particularly for the Window 
Area. It poses a significant threat for downward migration of 
contaminants into the thin Walnut and the Upper Paluxy. It should be 
monitored (priority III) until abandoned (priority I). 

HM-87 (semiannually); DCE (65 ppb), TCE (590), chloroform (1); drilled in 
September 1987, 4" PVC. CD - 40'; 10' screen in limestone and clayey 
silt. Additional 9.5' filter pack in clayey silt. 3.5' bentonite seal. 
Uncertain if filter or sand used for 11', and then 5' surface cement seal. 
O.K. construction, not great. Priority III for monitoring. 

HM-82 (semiannually); DCE (2000 ppb), TCE (25,000 
14U and P-14US to the south, and P-16US to the no  
thins to the north (top surface of Walnut eroded). 
Walnut is 7.5 to 6.6' thick and top'O'f the Walnut 
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well. Water level sometimes above top of screen. Keep. Discontinue
routine monitoring.

FIM-78 (quarterly); floating product; construction not great. Screened
interval (lO'-long) is 2' in sandy clay, 4' in gravel and 4' in Walnut.
Sand/gravel pack extends for an additional 14' through sandy clay into the
surface silty clay. Provides a conduit for migration of contaminants.

Recommendation: Discontinue monitoring. Has floating product and was
poorly constructed.

HM-79 (semiannually); DCE (1 ppb), TCE (60), PCE (12), toluene (1); MEK20),
toluene (1), trichlorofluoromethane (1). Poor monitoring well -" \
construction: CD —40.9'; 10' screen in Walnut (4'), gravel ,C3"), säa1ey
clay (3'); sand/gravel pack extends additional 25' in shaey clay and
silty clay to within 6' of surface Discontinue

HM-82 (semiannually); DCE (2000 ppb), TCE between F-
14U and P- 14US to the south, and P- 16US to the n th-Thikness o Walnut
thins to the north (top surface of Walnut eroded)-At344 wells tte
Walnut is 7.5 to 6.6' thick and top"f the Walnut is.-t 593.6' and 593'.
At P-16US, the Walnut is only 1 5' thick and the top of the Walnut is at
587 3' HM-82 was drillecLto within a few feet of the Walnut (596 3') and
then completed with a,Ar3 4' aand/grave3. pack (in natural silty clay) to
within 7' of the ground rface This w.efl. should be abandoned (priority
I) as it is contaminated with solvents (DCE and TCE) and the 43 3'
sand/gravl—paak acts as. a cdutt in the silty clay for the solvents to
migrate to within a few feet of a-very thin Walnut This well poses a
setious,z1k to the Paluxy aqufer.

1-IM-84 (annually); Carbon Tetrachloride (2) ,trans-i, 2-Dichloroethylene (24),
Trichloroethylene (3), well is in the Compass Rose Area Good records of
this wefl cap-not be found.

HN-86 (semiannually); DCE (38 ppb), TCE (1,000), chloroform (2); well is very
close to P-14U and P-14US. Lithologic log shows borehole was drilled

through Walnut, Upper Paluxy, and Paluxy Upper Sand. However, completion
diagram and report (Window Area Investigation) state that total depth was
56'. It is not clear whether bottom of borehole was properly plugged and
abandoned. The remainder of the borehole is poorly designed. The bottom
of the well is 590.0', which is only 2' above the top of the Walnut or,
according to the lithologic log, it j at the top of the Walnut!. The
Walnut is only 5.5' thick here. The well has a 30' screened interval with
an additional 7.5' sand pack. Above a 1' bentonite seal is 11.5' of
cuttings. The surface seal only extends down 2' from the surface. This
is a very poorly designed monitoring well, particularly for the Window
Area. It poses a significant threat for downward migration of
contaminants into the thin Walnut and the Upper Paluxy. It should be
monitored (priority III) until abandoned (priority I).

HM-87 (semiannually); DCE (65 ppb), TCE (590), chloroform (1); drilled in
September 1987, 4" PVC. CD — 40'; 10' screen in limestone and clayey
silt. Additional 9.5' filter pack in clayey silt. 3.5' bentonite seal.
Uncertain if filter or sand used for 11', and then 5' surface cement seal.
O.K. construction, not great. Priority III for monitoring.
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HM-88 (semiannually); DCE (200 ppb), TCE (6,100), toluene (60), ethylbenzene 
(68); Cr (0.15mg/L), drilled September 1987; poor construction. Excessive 
filter pack through silt. CD — 45.8' (just into Walnut). 10' screen in 
sandy gravel (8') and gravelly silt (2'). Filter pack extends additional 
19' into silt (12') and sand (5'). Bentonite seal (3.5') and cement 
(13.5') to surface. Priority III for monitoring because it is 
downgradient of underground storage tank No. 7. 

HM-89 (semiannually); DCE (830 ppb), TCE (6,200 ppb), 1,1,1 TCA (7 ppb); 
drilled in September 1987. 4" PVC. CD — 50'; 20' screen from Walnut (1') 
into gravel (13') and clay (6'). Additional 9' filter pack in clay. 3' 
bentonite seal and cemented 18' to surface. O.K. well constructio 
Priority III for monitoring. 

HM-90 (semiannually); DCE (15 ppb), toluene (1); next to 
Walnut is 2' thick (top of Walnut approximately 58 
0.5' into Walnut and set bottom of filter pack 
(unclear whether they plugged the lower 2.5'): 
gravel and silty clay with sand) and additional 2 
gravel, sand, and clay. It is unclear What was use 
(top of 3' bentonite seal) to 10' (bottom of 10' cement grout). This well 
should be monitored (Priority III) anelater abandoned if the 
concentrations begin to-increase due to„-thepotentdal for contamination of 
the Paluxy. If this occurs, a new well,slyciu/d,be drilled and screened 
only in sandy gravel from 52 61 depth. If a new well is drilled, HM-90 
could be abandoned (priority-'17I). 

HM-91Asemiannually); DCE (35 ppb., TCE (1,200); uncertain completion details. 
"'Drilled to presumably within few feet of Walnut. 20' screen in gravelly 
sand (10') and sandy, clayey silt (10') with additional 10' filter pack in 
silt. Do not aquifer test. Not known what was used to fill hole from 2' 
(bottom"af surface cement) to 27' (top of 5' bentonite). As this 
?backfilled1 area is all silt, a vertical conduit now exists through silt. 
Well,should be monitored (priority III) until abandoned (priority I). 

HM-92 (semiannually); DCE (13 ppb), TCE (34), toluene (2); drilled October 4, 
1987. Uncertain completion details (fill or sand/gravel pack for 12' 
between bentonite and cement). OK well construction. Discontinue routine 
monitoring. 

HM-93 (semiannually); upgradient of Window Area; toluene (2 ppb), chloroform 
(2), benzene (3), ethylbenzene (50); CD — BTH — 37'; 10' screen from top 
of Walnut, through silty clay (4') into silty sand/sandy silt (6'). Sand 
pack extends additional 6' in silty sand/sandy silt. 4' bentonite then 
cemented 17' to surface. O.K. well construction. Continue monitoring 
(priority I). 

HM-94 (semiannually); DCE (6,100 ppb), TCE (32,000); Walnut is 1.5' thick. 
Drilled through Upper Paluxy but grouted with neat cement from bottom to 
0.5' above top of Walnut. Has 30' screen and additional 5' filter pack in 
gravel (4'), silty clay (28.5'), and sandy gravelly silt (2.5'). Creates 
vertical conduit in silty clay for surface contaminants to migrate within 
2' of the Paluxy. Should be monitored (priority III) until abandoned 

US ,where 
5 6'). Driped 
top of Walnut\ 
Screen (sandy) 
er pack 

o fill hole from 23' 
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HM-88 (semiannually); DCE (200 ppb), TCE (6,100), toluene (60), ethylbenzene

(68); Cr (0.l5mg/L), drilled September 1987; poor construction. Excessive
filter pack through silt. CD — 45.8' (just into Walnut). 10' screen in
sandy gravel (8') and gravelly silt (2'). Filter pack extends additional
19' into silt (12') and sand (5'). Bentonite seal (3.5') and cement
(13.5') to surface. Priority III for monitoring because it is
downgradient of underground storage tank No. 7.

HM-89 (semiannually); DCE (830 ppb), TCE (6,200 ppb), 1,1,1 TCA (7 ppb);
drilled in September 1987. 4" PVC. CD — 50'; 20' screen from Walnut (1')
into gravel (13') and clay (6'). Additional 9' filter pack in clay. 3'

bentonite seal and cemented 18' to surface. O.K. well constructionr-.\
Priority III for monitoring.

HM-90 (semiannually); DCE (15 ppb), toluene (1); next to1US\Qrhere
Walnut is 2' thick (top of Walnut approximately 5' \,Dri\i.led
0.5' into Walnut and set bottom of filter pack-2 apv tp of Wa1nu.
(unclear whether they plugged the lower 2 5' Hi 8.Ysreen (san4y
gravel and silty clay with sand) and additional 2L—5 fj..ir pack i
gravel, sand, and clay It is unclear what was use4.t& fill hole from 23'
(top of 3' bentonite seal) to 10' (bottom of l0 cement grout) This well
should be monitored (Priority III) and later abandond if the
concentrations begin to- Increase due to...-the potent-ral for contamination of

the Paluxy If th.s occurs, a new well shouId be drilled and screened
only in sandy gravel from 52 - 61' depth If a new well is drilled, HM-90
could be abandoned (priorty-II)

HM-91(semiannually), DCE (35 ppl TCE (1 200), uncertain completion details
1rilled to presumably within few feet of Walnut 20' screen in gravelly
sand (10') and sandy, clayey silt (10') with additional 10' filter pack in
silt. Do not aq.tifér test. Not known what was used to fill hole from 2'
(bottom--of suzface cement) to 27' (top of 5' bentonite). As this
?backfilled? area is all silt, a vertical conduit now exists through silt.
Wel1aould be monitored (priority III) until abandoned (priority I).

HM-92 (semiannually); DCE (13 ppb), TCE (34), toluene (2); drilled October 4,
1987. Uncertain completion details (fill or sand/gravel pack for 12'
between bentonite and cement). OK well construction. Discontinue routine

monitoring.

HM-93 (semiannually); upgradient of Window Area; toluene (2 ppb), chloroform
(2), benzene (3), ethylbenzene (50); CD — BTH — 37'; 10' screen from top

of Walnut, through silty clay (4') into silty sand/sandy silt (6'). Sand
pack extends additional 6' in silty sand/sandy silt. 4' bentonite then
cemented 17' to surface. O.K. well construction. Continue monitoring
(priority I).

HM-94 (semiannually); DCE (6,100 ppb), TCE (32,000); Walnut is 1.5' thick.
Drilled through Upper Paluxy but grouted with neat cement from bottom to
0.5' above top of Walnut. Has 30' screen and additional 5' filter pack in
gravel (4'), silty clay (28.5'), and sandy gravelly silt (2.5'). Creates
vertical conduit in silty clay for surface contaminants to migrate within
2' of the Paluxy. Should be monitored (priority III) until abandoned
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(priority I). New well could be drilled to monitor only basal gravel. 
Filter pack and screen are excessive. 

HM-95 (semiannually); DCE (300 ppb), TCE (6,800); drilled in October 1987. 
Poor construction. Excessive filter pack (22') in clay (14'). Discontinue 
routine monitoring. 

HM-96 (semiannually); DCE (40 ppb), TCE (1,900). Excessive screened interval 
(30') in Walnut (1.5'), gravel (5.5'), silty sand (7'), silty clay (8'), 
sandy clay (8'). Additional 2' filter pack in sandy clay. Top 22' sealed 
with bentonite (3') and cement (19') through sandy clay (16'), sandy 
gravel (2'), and clay with sand (4'). OK well construction, not great. 
Discontinue routine monitoring. 

,,---- 
HM-97 (semiannually); DCE (7 ppb), TCE (460), PCE (2); bounda 	well, "drilled 

in October 1987; uncertain how bottom 30' in Paluxy ab 	ned4--%Excessive 
screen (20') in gravel (3'), gravelly sand (4'), c 	Kand silty 
sandy clay (5'). Walnut is only 0.5' thick heP onIII for 
monitoring. If water quality gets worse, it'Sho 	b. 	andoned (prigrity 
III),. Too much danger of contaminating Paluxy. 

HM-98 (semiannually); toluene (1 ppb)1; boundary well; drilled in March 1988. 
Uncertain how hole was abandoned in Paltixy and Walnut for 65.5'. O.K. 
construction. Priorit, II or monitoring. Abandon (priority III) if 
water quality decreases. 

HM-99 (semiannually); downg 	of Window Area; 1,2-DCE (240 ppb), TCE 
(1,1004pb), trichlorofluoromethmne (6 ppb), chromium (0.03 mg/L); drilled 
in,-tiarch„19438; bentonite-sealstarts right at top of screen. CD — BTH — 

''iop,oeWalnut — 44'. 20.5' screen in sandy gravel (5.5'), sandy 
silt/silty sand (11.5') and clayey silt (3.5'). 3' bentonite seal and 
sealed with cement to surface (20.5') through silt. O.K. well 
construction cept for bentonite in contact with top of screen. Water 
level fl uates below top of screen and is not in contact with the 
bentonite. Do not aquifer test. Continue monitoring (Priority I). Good 
well for DNAPLs and LNAPLs check. 

HM-101; TCE (41 ppb); this well should be saved. It is flush mounted, with 2" 
PVC, and a locking meter box. It was drilled to just below top of Walnut 
(34'), has a 15' screened interval, has a bentonite seal 3 - 5' above the 
top of the screen, and is cement grouted to the surface. Is one of the 
better wells in this area for monitoring. Priority III for monitoring. 

HM-102; clean; not sampled, 2" PVC. Should be saved if possible. Was drilled 
to just below the top of the Walnut, has 30' of screen (all in shale and 
limestone), is screened for finding both floating and sinking product, has 
a bentonite seal, and is grouted to the surface. Priority III for 
monitoring. 

HM-103 (semiannually); 1,2-DCE (3,000 ppb), TCE (5600 ppb), and oil and grease 
(0.3 mg/L); discrepancies exist between the concentrations for methylene 
chloride reported in Hargis + Associates Monitoring Plan (1989) Table B-1 
(5,400 ppb) and the text of the same report and the data base (less than' 
detection limit). 2" PVC with locking meter box. Excellent well 
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(priority I). New well could be drilled to monitor only basal gravel.
Filter pack and screen are excessive.

HM-95 (semiannually); DCE (300 ppb), TCE (6,800); drilled in October 1987.
Poor construction. Excessive filter pack (22') in clay (14'). Discontinue
routine monitoring.

HM-96 (semiannually); DCE (40 ppb), TCE (1,900). Excessive screened interval
(30') in Walnut (1.5'), gravel (5.5'), silty sand (7'), silty clay (8'),
sandy clay (8'). Additional 2' filter pack in sandy clay. Top 22' sealed
with bentonite (3') and cement (19') through sandy clay (16'), sandy
gravel (2'), and clay with sand (4'). OK well construction, not great.
Discontinue routine monitoring.

HM-97 (semiannually); DCE (7 ppb), TCE (460), PCE (2); bounda.y-i'e11, 'ri11ed
in October 1987; uncertain how bottom 30' in Paluxy an- Excessive
screen (20') in gravel (3'), gravelly sand (4'), J4 (b), and silty
sandy clay (5'). Walnut is only 0.5' thick he.e rir III for
monitoring If water quality gets worse, it shou1 b .atdoned (priprity
III).. Too much danger of contaminatin.g Paluxy.

HM-98 (semiannually); toluene (1 ppb); bundary well; drilled in March 1988.
Uncertain how hole was abandoned tn Paltixy and Walnut for 65 5' 0 K
construction Priority—TiTor monitotg Abandon (priority III) if
water quality

decreases.. \
HM-99 (semiannually), downgad'iefof Window Area, l,2-DCE (240 ppb), TCE

(1,10Q.-ppb), trich1oxøfluorojiethae (6 ppb), chromium (0 03 mg/L), drilled
in'March.A988 bentonite sea1.starts right at top of screen CD — BTH —

"top ofWalnut — 44'. 20.5' screen in sandy gravel (5.5'), sandy
silt/silty sand (11.5') and clayey silt (3.5'). 3' bentonite seal and
sealed with cement to surface (20 5') through silt 0 K well
constritionecept for bentonite in contact with top of screen. Water
level f1uetiates below top of screen and is not in contact with the
bentozttte. Do not aquifer test. Continue monitoring (Priority I). Good
well for DNAPLs and LNAPLs check.

HM-l0l; TCE (41 ppb); this well should be saved. It is flush mounted, with 2"
PVC, and a locking meter box. It was drilled to just below top of Walnut
(34'), has a 15' screened interval, has a bentonite seal 3 - 5' above the
top of the screen, and is cement grouted to the surface. Is one of the
better wells in this area for monitoring. Priority III for monitoring.

HM-102; clean; not sampled, 2" PVC. Should be saved if possible. Was drilled
to just below the top of the Walnut, has 30' of screen (all in shale and
limestone), is screened for finding both floating and sinking product, has
a bentonite seal, and is grouted to the surface. Priority III for
monitoring.

HM-103 (semiannually); l,2-DCE (3,000 ppb), TCE (5600 ppb), and oil and grease
(0.3 mg/L); discrepancies exist between the concentrations for methylene
chloride reported in Hargis + Associates Monitoring Plan (1989) Table B-i
(5,400 ppb) and the text of the same report and the data base (less than
detection limit). 2" PVC with locking meter box. Excellent well
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construction. 10' screen in Goodland and silt. Additional 2' sand pack. 
Bentonite seal, then grouted to surface. Priority II for monitoring. 

HM-104 (annually); TCE (24 ppb), toluene (2). Bailer; 2" PVC; locking meter 
box. Boundary well. TD - 39' (3' into Walnut, which all sloughed). 15' 
screen in sloughed Walnut (3') and Goodland shale (12'). Sand pack starts 
above sloughed material and extends 3.7' above top of screen and is all in 
Goodland shale. Hnu reading was 6.3 ppm with 0.3 background in shale at 
29 ft. 2.4' bentonite pellet seal, then grouted to top with cement. Good 
well to aquifer test for Goodland shale hydraulic conductivity (except for 
sloughed Walnut in bottom 3'). Good well construction. Keep; continue to 
monitor (priority I). 

HM-105 (annually); TCE (2 ppb), toluene (6); triloc; 2" PVC. TD 
into Walnut). CD - 20.5'; 15' screen in Walnut (1.5'); 	(13.5h. 
Additional 1.5' sand pack in clay. Bentonite and grou eals.....tO surface. 
Excessive screen, but O.K. construction due to lit 	\-tood'vell,to 
aquifer test for clay hydraulic conductivity. Keep. 

HM-106 (annually) -- May never have been sampled. App 
well completion. Keep, may want to-sample if there,ever is water in it. 

HM-107 (semiannually); clean [8 mg/L benzene and 6 mg/L carbon disulfide], 
drilled 1986, 2" PVCL9-:/C-Completion; boundary well 

Recommendatiom-'Continue monitoring., 

HM-108 (annually); toluene (6 ppb), benzene (3). Bailer, 2" PVC; locking 
meter bow:- TD - CD - 15' (Walnut). 10' screen in silt and gravel, clay, 
clayey''Sand, and gravel. Additional 1' sand pack. Bentonite and cement 
seals to the surface. Do not aquifer test. Keep. 

HM-110 (semiannually); DCE (250 ppb), TCE (1,400); boundary well; BTH - 37"; 
CD - 36.5.%-(10' screen in Walnut (2.5'), silty clay (1.5'), silty sand 
(4')d clayey gravelly sand (2'). Additional 5' filter pack in clayey 
gravel sand. 3' bentonite and 18.5' cement to surface through clay, silt. 
O.K. well construction. Priority II for monitoring. 

HM-111 (semiannually); DCE (500 ppb), TCE (1500); boundary well; 4" PVC, 
drilled in March 1988. CD - 49'. BTH - 53' (Walnut). 20' screen from 
top of Walnut in silty, sandy gravel (6'), and sandy silt (14'). 
Additional 7' filter pack in silt. 4' bentonite. Uncertain completion 
(12') in gravel (10') and silt (2') between bentonite and cement surface 
seal (4'). Uncertain completion for bottom 4' of hole. O.K. completion. 
Priority III for monitoring. Do not aquifer test. 

HM-112 (semiannually); DCE (400 ppb), TCE (6,100), drilled in March 1988. 
BTH - 50.75' (0.25' into Walnut). CD - 50'; 30' screen in sandy gravel 
(5'), silty sand/sandy silt (18'), gravel (2'), gravelly silty clay (5'). 
2' additional sand pack, 4' bentonite, 10' uncertain materials, 4' surface 
cement. Screened interval is excessive, but does monitor both gravel 
layers. Priority III for monitoring to keep an eye on Flight Line Area 
TCE plume. 

Trilod% Good 
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construction. 10' screen in Coodland and silt. Additional 2' sand pack.
Bentonite seal, then grouted to surface. Priority II for monitoring.

HM-104 (annually); TCE (24 ppb), toluene (2). Bailer; 2" PVC; locking meter
box. Boundary well. TD — 39' (3' into Walnut, which all sloughed). 15'
screen in sloughed Walnut (3') and Goodland shale (12'). Sand pack starts
above sloughed material and extends 3.7' above top of screen and is all in
Goodland shale. Hnu reading was 6.3 ppm with 0.3 background in shale at
29 ft. 2.4' bentonite pellet seal, then grouted to top with cement. Good
well to aquifer test for Goodland shale hydraulic conductivity (except for
sloughed Walnut in bottom 3'). Good well construction. Keep; continue to
monitor (priority I).

HM-105 (annually); TCE (2 ppb), toluene (6); triloc; 2" PVC. TD —
into Walnut). CD — 20.5'; 15' screen in Walnut (1.5'); cy3.5b.
Additional 1.5' sand pack in clay. Bentonite and gro- —tp surface.
Excessive screen, but O.K. construction due to litcTogy) Good velIto

aquifer test for clay hydraulic conductivity Keep

HM-106 (annually) -- May never have been sampled. Ape.x1 Trilo Good
well completion. Keep, may want tp-samp1e if there •.er is water in it.

HM-107 (semiannually), clean [8 mg/L benzene. and 6 mg/L carbon disulfide],
drilled 1986, 2" PVC, O-i( completion, undary well

Recommendation. Contlnuemon].toring..
—

HM-l08 (auntially), toluene (6 ppb), benzene (3) Bailer, 2" PVC, locking
meter box— TD — CD — 15' (WaLnut) 10' screen in silt and gravel, clay,

'clay.eysand, and gravel. Additional 1' sand pack. Bentonite and cement
seals to the surface. Do not aquifer test. Keep.

HM-llO (semi'ánnuaHy); DCE (250 ppb), TCE (1,400); boundary well; BTH — 37";
CD— 36.5<lO' screen in Walnut (2.5'), silty clay (1.5'), silty sand
(4')'nd clayey gravelly sand (2'). Additional 5' filter pack in clayey
gravel sand. 3' bentonite and 18.5' cement to surface through clay, silt.
O.K. well construction. Priority II for monitoring.

HM-lll (semiannually); DCE (500 ppb), TCE (1500); boundary well; 4" PVC,
drilled in March 1988. CD — 49'. BTH — 53' (Walnut). 20' screen from

top of Walnut in silty, sandy gravel (6'), and sandy silt (14').
Additional 7' filter pack in silt. 4' bentonite. Uncertain completion
(12') in gravel (10') and silt (2') between bentonite and cement surface
seal (4'). Uncertain completion for bottom 4' of hole. O.K. completion.
Priority III for monitoring. Do not aquifer test.

HM-112 (semiannually); DCE (400 ppb), TCE (6,100), drilled in March 1988.
BTH — 50.75' (0.25' into Walnut). CD — 50'; 30' screen in sandy gravel

(5'), silty sand/sandy silt (18'), gravel (2'), gravelly silty clay (5').
2' additional sand pack, 4' bentonite, 10' uncertain materials, 4' surface
cement. Screened interval is excessive, but does monitor both gravel
layers. Priority III for monitoring to keep an eye on Flight Line Area
TCE plume.
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HM-113 (semiannually); DCE (200 ppb), TCE (6,500); drilled in March 1988. 

BTH — 49', CD — 48'; 20' screen in gravelly sand (1'), silty sand (17'), 
and silty clay/clayey silt (2'). 1' additional filter pack, then 5' 
bentonite, 18' uncertain materials, and 4' cement to surface. Top 30' is 
clayey silt/silty clay. Large screened interval but O.K. Priority III 
for monitoring. 

HM-114; (quarterly); DCE (270 ppb); TCE (2,200); Cr?; triloc; TD — 36.5', 
CD — 34.5'. 20' screen in gravelly sand (9.5') and sand (10.5'). 
Additional 1.5' filter pack in sand. 2' bentonite seal in clayey silt. 
Uncertain completion for 6' in clayey silt (3') and silty clay (3'); 
cement to surface. O.K. well construction; not great. Keep. Priority 
III for monitoring to assess movement of TCE plume. 

HM-115 (semiannually); DCE (15 ppb), TCE (380); triloc; drilled-an Jamiary 
1989. CD — 26.2'. Excessive screen (18.9'). Basicapl,  the,entire well 
from the top of the first unit to BTH is screened,...--Crepeivertical 
conduit through clay and silt to sandy gravel aeborpcm 4' of screen. 
Boundary well, continue to monitor (priority I). 	f 	quality ge,te 
worse, abandon (priority III). 

HM-116 (semiannually); DCE (13 ppb), TCE,(1,000); drilled in January 1989, 
boundary well; triloc, CD — BTH — 33'.; 10' screen inWalnut (1'), sandy 
gravel (0.5'), silty san6Indy silt (_845'). 2' bentonite seal, then 
uncertain fill for/4' tough limey'Clay-(12') and limey silt (2'). 4' 
concrete surface seal:' No, g eat, well construction but priority III for 

HM-11V (semiannually); DCE (15 	TCE (830), PCE (9); drilled in February 
''"l989„---friloc, 4" PVC. BTH — 39.5', CD — 38.5'. Excessive screen length 
(20') in gravelly sand (2.5'), silty sand/sandy silt (10'), silt (2'), 
clayey silt '(5.5'). 1' additional filter pack. Rest of borehole is silt 
or clay-:' 2,",,bentonite seal, then uncertain fill for 11', then 4' surface 
cement. ;Priority III for monitoring. Do not aquifer test. 

HM-118 (semiannually); DCE (4 ppb), TCE (170); triloc, 4" PVC, drilled in 
February 1989. Only 0.2' filter pack above screen before bentonite. 
Boundary well. Excessive screen (20') in sand (8.2') and silt (11.8'). 
Do not aquifer test. Essentially most of well screened (CD — 26.2'). 
Priority III for monitoring. 

HM-119 (semiannually); TCE (45 ppb); triloc; drilled in February 1989; 4" PVC; 
boundary well (near Lake Worth). Long screen (20') in gravel (3'), sand 
(12'), silty sand/sandy silt (5'). Additional 2.5' filter pack in sand, 
rest of borehole in silt and clay with 1.5' bentonite seal, 2' unknown 
materials, and 3' cement surface seal. Continue monitoring (priority I). 

HM-120 (semiannually); methylene chloride (13 ppb). Bailer; 4" PVC; drilled 
in February 1989. Boundary well (close to Lake Worth). BTH — 20', CD -
17.6'. 10' screen in limey clay (6'), sand/gravel (2.5'), and clayey sand 
(1.5'). Additional 1' filter pack. Bentonite, cement to surface. 
Priority III for monitoring. 

monitorin 	 ■ 
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HM-113 (semiannually); DCE (200 ppb), TCE (6,500); drilled in March 1988.

ETh — 49', CD —48'; 20' screen in gravelly sand (1'), silty sand (17'),
and silty clay/clayey silt (2'). 1' additional filter pack, then 5'
bentonite, 18' uncertain materials, and 4' cement to surface. Top 30' is
clayey silt/silty clay. Large screened interval but O.K. Priority III
for monitoring.

HM-114; (quarterly); DCE (270 ppb); TCE (2,200); Cr?; triloc; TD — 36.5',
CD — 34.5'. 20' screen in gravelly sand (9.5') and sand (10.5').
Additional 1.5' filter pack in sand. 2' bentonite seal in clayey silt.
Uncertain completion for 6' in clayey silt (3') and silty clay (3');
cement to surface. O.K. well construction; not great. Keep. Priority
III for monitoring to assess movement of TCE plume.

HM-l15 (semiannually); DCE (15 ppb), TCE (380); triloc; drilleè"in January
1989 CD — 26 2' Excessive screen (18 9') Basica],.1y theentire well
from the top of the first unit to BTH is screened. Cre5es vertical
conduit through clay and silt to sandy gravel atboom 4' of screen
Boundary well continue to monitor (priority I) -1f at\quality gets
worse, abandon (priority III)

1-1M-ll6 (semiannually); DCE (13 ppb), rCE(i,000); drilled in January 1989,
boundary well, tribe, CD — BTh — 33', 10' screen in Walnut (1'), sandy

gravel (0 5'), silty sarta7idy silt (8-5') 2' bentonite seal, then
uncertain fill for 14' tuough limeyla.y-(lV) and limey silt (2') 4'

concrete surface seal— No at well construction but priority III for

monitoring...—....

HM-l1 (semi..annually) DCE (15 ppb, TCE (830), PCE (9) drilled in February
l989,,---'Eriloc, 4" PVC. BTH — 39.5', CD — 38.5'. Excessive screen length
(20') in gravelly sand (2.5'), silty sand/sandy silt (10'), silt (2'),
clayey silt (5.5'). 1' additional filter pack. Rest of borehole is silt
or clay. 2>bentonite seal, then uncertain fill for 11', then 4' surface
cement. Ptiority III for monitoring. Do not aquifer test.

HM-l18 (semiannually); DCE (4 ppb), TCE (170); tribe, 4" PVC, drilled in
February 1989. Only 0.2' filter pack above screen before bentonite.
Boundary well. Excessive screen (20') in sand (8.2') and silt (11.8').
Do not aquifer test. Essentially most of well screened (CD — 26.2').
Priority III for monitoring.

HM-l19 (semiannually); TCE (45 ppb); tribe; drilled in February 1989; 4" PVC;
boundary well (near Lake Worth). Long screen (20') in gravel (3'), sand
(12'), silty sand/sandy silt (5'). Additional 2.5' filter pack in sand,
rest of borehole in silt and clay with 1.5' beratonite seal, 2' unknown
materials, and 3' cement surface seal. Continue monitoring (priority I).

HM-120 (semiannually); methylene chloride (13 ppb). Bailer; 4" PVC; drilled
in February 1989. Boundary well (close to Lake Worth). BTH — 20', CD —
17.6'. 10' screen in limey clay (6'), sand/gravel (2.5'), and clayey sand
(1.5'). Additional 1' filter pack. Bentonite, cement to surface.
Priority III for monitoring.
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HM-121 (semiannually); DCE (20 ppb), methylene chloride (30 ppb), TCE (550 
ppb). 	Boundary well; triloc; 4" PVC; drilled in February 1987; CD — BTH 
— 31.5'. 20' screen in gravel (1.5'), sand (13.5'), silt (5'). Uncertain 
materials for 3.5' between bentonite and surface cement. Continue 
monitoring (priority I). 

HM-122 (semiannually); DCE (470 ppb), TCE (1,100 ppb). Bailer; drilled in 
February 1989. Boundary well. BTH — 28.5' — bottom of filter pack. 
Bottom of 10' screen at 26.9' in gravel (3') and clay (7'). 1' additional 
filter pack. 1.1' bentonite seal. Uncertain materials from 4 - 14.9' in 
clay/silt. 4' cement seal to surface. Continue monitoring (priority I). 

HM-123 (semiannually); DCE (840 ppb), TCE (3,500); triloc; drilled in„,-F gcruary 
1989. Boundary well. BTH — 40.5', CD — 39.5'. 20' screen ip--gravel.'" 
(4.5'), sand (15'), and gravel (0.5'). 3' additional filter pack. 
Uncertain materials for 10.5' between bentonite and 4' surface-cement. 
Continue monitoring (priority I). Good well to a 	fer, est for 	\ 
conductivity of gravel and sand. 

HM-124 (semiannually); Clean? Bailer; drilled irnFeb 	9. Boundary 
well. BTH — bottom of filter pacr25'. CD 	24' 	15' screen in 
limestone (0.5'), limey clay (4.59, *grave/ (5'), and silt (5'). 
Additional 1.5' filter pack, Uncertain completion for 1' between 
bentonite (2.5') and cement (+4'). = Piority,III for monitoring. 

HM-125 (semiannual/ Y);  DCE (2 ppbi), methylene chloride 
boundary, well; drilled in Fe -rUary 1989. CD — BTH 
clay (5"), sand (8'), clayey siltlailty clay (7'). 
between,,-2'' bentonite and 4' surface cement for 4.5' 
Continue monitoring (priority I). 

HM-126 (semiannually); DCE (330 ppb), TCE (3,500), benzene (160); triloc; 4" 
PVC; drilled,in February 1989. Boundary well. (CD — 36'). Screen (20') 
in sand (19'), and clayey gravelly silt (1'). 4' additional filter pack. 
Uncertain what materials fill borehole between 4' cement surface seal and 
10' (top of 2' bentonite seal). O.K. construction. Priority III for 
monitoring. 

HM-127 (semiannually); DCE (3 ppb), TCE (10); triloc; drilled in February 
1989; boundary well. Excessive screen (20') in sand (13.5'), clayey 
silt/silty clay (5'), silt (1.5'). Additional 3.5' filter pack. 
Uncertain filter pack details and fill used from 4 - 13' in silt. 
Priority III for monitoring. 

P-3 (annually); Boundary well; submersible. Upgradient well; has 3 monitoring 
zones in Paluxy. Drilled to Glen Rose Formation at 220'. Walnut from 
13'-45'. Aquifer tested. 

P-5M (semiannually); priority III for monitoring. 

P-5UN (semiannually); priority III for monitoring. 

(6), TCE (77). Bailer; 
— 33'. 20' screen in 
Uncertain materials 
. Excessive screen. 
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HM-121 (semiannually); DCE (20 ppb), methylene chloride (30 ppb), TCE (550
ppb). Boundary well; triloc; 4" PVC; drilled in February 1987; CD — BTH
— 31.5'. 20' screen in gravel (1.5'), sand (13.5'), silt (5'). Uncertain
materials for 3.5' between bentonite and surface cement. Continue

monitoring (priority I).

HM-122 (semiannually); DCE (470 ppb), TCE (1,100 ppb). Bailer; drilled in
February 1989. Boundary well. 8TH — 28.5' — bottom of filter pack.
Bottom of 10' screen at 26.9' in gravel (3') and clay (7'). 1' additional
filter pack. 1.1' bentonite seal. Uncertain materials from 4 - 14.9' in
clay/silt. 4' cement seal to surface. Continue monitoring (priority I).

HM-123 (semiannually); DCE (840 ppb), TCE (3,500); triloc; drilled iiF'tuary
1989. Boundary well. 8TH —40.5', CD — 39.5'. 20' screen iwgravek
(4.5'), sand (15'), and gravel (0.5'). 3' additional fi1er pack.",
Uncertain materials for 10 5' between bentonite and ,irfa.e cemeflt
Continue monitoring (priority I). Good well to 1fe-test for, \
conductivity of gravel and sand.

HM- 124 (semiannually); Clean? Bailer; dtilled in Bounry
well. 8TH — bottom of filter pack 25":.. CD — 24' 15' screen in

limestone (0. 5'), limey clay (4. 5 ), avel (5'), and silt (5').
Additional 1 5' filter pack,. Uncertain completion for 1' between
bentonite (2 5') and cement (4') Piiority III for monitoring

HM-l25 (semiannually), DCE (2 pph), aethylene chloride (6), TCE (77) Bailer,
boundary we'll, drilled in Feuary 1989 CD — 8TH — 33' 20' screen in

clay (5W'), sand (8'), clayeysi1/silty clay (7') Uncertain materials
bztween,,,2 bentonite and 4' snrface cement for 4 5' Excessive screen

Contthue monitoring (priority I).

HM-l26 (semiannually); DCE (330 ppb), TCE (3,500), benzene (160); triloc; 4"
PVC; dril1edin February 1989. Boundary well. (CD — 36'). Screen (20')
in sand ('19'), and clayey gravelly silt (1'). 4' additional filter pack.
Uncertain what materials fill borehole between 4' cement surface seal and
10' (top of 2' bentonite seal). O.K. construction. Priority III for

monitoring.

HM-127 (semiannually); DCE (3 ppb), TCE (10); triloc; drilled in February
1989; boundary well. Excessive screen (20') in sand (13.5'), clayey
silt/silty clay (5'), silt (1.5'). Additional 3.5' filter pack.
Uncertain filter pack details and fill used from 4 - 13' in silt.

Priority III for monitoring.

P-3 (annually); Boundary well; submersible. Upgradient well; has ,monitoring
zones in Paluxy. Drilled to Glen Rose Formation at 220'. Walnut from
l3'-45'. Aquifer tested.

P-SM (semiannually); priority III for monitoring.

P-SUN (semiannually); priority III for monitoring.
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P-5US (annually); Bailer; cased through all but lower 3.5' of Walnut. 
Screened in 9' of upper sand and 1' of Walnut with additional 2.5' of sand 
pack in Walnut. Aquifer tested. Well frequently dry. 

P-6M (semiannually); priority III for monitoring. 

P-6U (semiannually); priority III for monitoring. 

P-7M (semiannually); priority III for monitoring. 

P-7U (semiannually); priority III for monitoring. 

P-8M (semiannually); priority III for monitoring. 

P-8UN (semiannually); TCE (8,100 ppb), DCE (400 ppb); 	 for 
monitoring. 

P-8US (semiannually); DCE (240 ppb), TCE (4,100 ppb1; Worit III for 
monitoring. 

P-9M (annually); toluene (5 ppb); submersible. Good monitoring well 
construction except for galvanized pipe. Keep. Aquifer tested. Good 
well for obtaining middle Paluxy bydraulic conductivity value. Priority 
III for monitoring because of contamination of P-9US with TCE. 

P-9UN (annually); clean, toluene J(8 ppb).. Submersible; cased through Walnut 
(27') and upper sand (9'):/  14—of sandy clay in screened interval, 2' 
silt/sand/clay in sand packed interval and 27' sandstone in 
filter/sereened interval. Switch to quarterly monitoring (priority I) 
because of contamination of P-9US with TCE. 

P-9US (semiannually); TCE (7,200 ppb), trans-1,2-DCE (12 ppb), toluene (14 
ppb), and chromium (0.02 mg/L); continue to monitor but switch to 
quarterly monitoring (priority I) and monthly water-level measurements if 
possible because water level went up 19' from 1/89 to 1/90 to 10' below 
water levels in Upper Zone and TCE concentration increased to 7,200 ppb 
from a previous high of 2,200 ppb. 

P-10M (semiannually); screened 30' in middle Paluxy; sand packed additional 
15' in middle Paluxy, and gravel packed in 20' of clay. Boundary well; 
only well west of Meandering Road Creek. Not ideal construction. 
Priority III for monitoring. Clean (upgradient well). Do not aquifer 
test. 

P-10U (quarterly); clean; screened through entire upper Paluxy; boundary well; 
priority III for monitoring (upgradient well). 

P-11M (quarterly); clean; galvanized pipe to submersible pump; boundary well; 
not ideal, but priority III for monitoring. Retrofit with non-galvanized 
pipe if monitored at a later date. 

P-11U (quarterly); methylene chloride (32 ppb) and toluene (70 ppb); 
galvanized pipe to submersible pump; boundary well; continue to monitor 
(priority I) but remove galvanized pipe. 
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P-5IJS (annually); Bailer; cased through all but lower 3.5' of Walnut.

Screened in 9' of upper sand and 1' of Walnut with additional 2.5' of sand
pack in Walnut. Aquifer tested. Well frequently dry.

P-6M (semiannually); priority III for monitoring.

P-6U (semiannually); priority III for monitoring.

P-7M (semiannually); priority III for monitoring.

P-7U (semiannually); priority III for monitoring.

P-8M (semiannually); priority III for monitoring.

P-8UN (semiannually); TCE (8,100 ppb), DCE (400 ppb); priority-'IIfor
monitoring

P-8US (semiannually), DCE (240 ppb), TCE (4,100 ppb), proriy III for
monitoring

P-9M (annually); toluene (5 ppb); submersible. Good moni±oring well
construction except for galvanized pipe. Keep. Aquifer tested. Good
well for obtaining middle Paluxy hydraulic conductivity value Priority
III for monitoring because of contamina.tion of P-9US with TCE

P-9UN (annually), clean, toluene (8 ppb) Submersible, cased through Walnut
(27') and upper sand (9 ') 'of sandy clay in screened interval, 2'
silt/sand/clay in sand packed interval and 27' sandstone in
filter/s,creened interval Switch to quarterly monitoring (priority I)

'because of contamination of P-9US with TCE.

P-9US (semiannually); TCE (7,200 ppb), trans-l,2-DCE (12 ppb), toluene (14
ppb), and chromium (0.02 mg/L); continue to monitor but switch to
quarterly monitoring (priority I) and monthly water-level measurements if
possible because water level went up 19' from 1/89 to 1/90 to 10' below
water levels in Upper Zone and TCE concentration increased to 7,200 ppb
from a previous high of 2,200 ppb.

P-1OM (semiannually); screened 30' in middle Paluxy; sand packed additional
15' in middle Paluxy, and gravel packed in 20' of clay. Boundary well;
only well west of Meandering Road Creek. Not ideal construction.
Priority III for monitoring. Clean (upgradient well). Do not aquifer
test.

P-lOU (quarterly); clean; screened through entire upper Paluxy; boundary well;
priority III for monitoring (upgradient well).

P-11M (quarterly); clean; galvanized pipe to submersible pump; boundary well;
not ideal, but priority III for monitoring. Retrofit with non-galvanized
pipe if monitored at a later date.

P-11U (quarterly); methylene chloride (32 ppb) and toluene (70 ppb);
galvanized pipe to submersible pump; boundary well; continue to monitor
(priority I) but remove galvanized pipe.
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P-11US (annually); clean; bailer; boundary well; sometimes dry. Screened 
interval is 10.5' in Upper Sand (sand with silt, 5'), silt/sand/clay (2'), 
silty clay (1'), and Walnut (2.5'). Do not aquifer test. 

P-12M (semiannually); toluene (44 ppb), MEK (30 ppb); galvanized pipe to 
submersible pump; boundary well; continue to monitor (priority I) but 
remove galvanized pipe. 

P-12UN (quarterly); clean; boundary well; priority III for monitoring. 

P-12US (annually); chloroform (2 ppb); boundary well; bailer; sometimes,4xy. 
Screened interval is 7' with shale/sand (2.5'), Upper Sand sandstcne 
and shale (0.5'); steel casing through 45' of Walnut. Do not, qiiifer--  
test. 

P-13M (quarterly); clean; boundary well; large sand pat i ' rva , priority 

,,---"--'''t4  
III for monitoring. 	

,, 
 

P-13U (quarterly); clean; boundary well;Rriority III- or 	storing, but 
retrofit to remove galvanized pipe--On submersible pump. 

N 

P-13US (annually); clean (?)),..-b,pundary well;' bailer; frequently dry. Cased 
through 27' of Walnut-----10' gc\reenedinterval includes clayey silt (3'), 
Upper Sand (6.5'), and Walnut(0.5'). Not aquifer tested, probably due to 
lack of water. "Not good wellito aquifer test. Keep. 

P-14U (quarterly); clean; very-goody-ell design. 10' screen interval. 
Priority-la for monitoring. 

P-14US (semiannually); TCE (2,700 ppb), DCE (190 ppb); very good well design. 
10' screened interval. Priority III for monitoring. 

P-15U (semiannually); trace 1,2-DCE, 1,1-DCE, DCA, and TCE; toluene (100 ppb), 
trace benzene (3 ppb); continue monitoring (priority I). 

P-15US (semiannually); DCE (10 ppb), TCE (22), benzene (3); Walnut is only 2' 
thick here, none of which is protected by steel casing. Screened interval 
(8') includes 2' of Walnut. Do not aquifer test. Priority III for 
monitoring. 

P-16US (semiannually); DCE (490 ppb), TCE (1,500), toluene (14), benzene (82). 
Not clear if all of Upper Sand is included. Continue monitoring (priority 
I) 

P-17US (annually); clean (?); bailer; frequently dry; cased through Walnut 
(6.3'). 10' screen in clayey sand. Good monitoring well construction. 
Priority III for monitoring when enough water. Good well to aquifer test 
although upper sandstone unit cased off. 

P-18US (semiannually); clean; bailer; cased through 9.5' of Walnut. 
Screened/sand packed interval (17.5') includes 3' of Walnut, 6.5' of 
sandstone, 6.5' of sandy clay-sandstone, and 1.5' of silty clay. Not 
aquifer tested. Do not aquifer test. Priority III for monitoring. 
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P-11US (annually); clean; bailer; boundary well; sometimes dry. Screened
interval is 10.5' in Upper Sand (sand with silt, 5'), silt/sand/clay (2'),
silty clay (1'), and Walnut (2.5'). Do not aquifer test.

P-12M (semiannually); toluene (44 ppb), MEK (30 ppb); galvanized pipe to
submersible pump; boundary well; continue to monitor (priority I) but

remove galvanized pipe.

P-12UN (quarterly); clean; boundary well; priority III for monitoring.

P-12US (annually); chloroform (2 ppb); boundary well; bailer; sometimes xy.
Screened interval is 7' with shale/sand (2.5'), Upper Sand sandso (s'),
and shale (0.5'); steel casing through 45' of Walnut. Do not uifez
test.

P-13M (quarterly); clean; boundary well; large sandpac{.Eerval; .ty
III for monitoring.

P-l3U (quarterly); clean; boundary well;p.riorityIII-fr itoring, but
retrofit to remove galvanized pipe-'ón submersible pump.

N...

P-13US (annually), clean (')).._boundarr well, bailer, frequently dry Cased
through 27' of Walnut-'l0' screened urterval includes clayey silt (3')
Upper Sand (6 5')., and Wenut'(0 5') Not aquifer tested, probably due to
lack of water Not good wl11to aquifer test Keep

P-141J (quarterly), clean, very good well design 10' screen interval

Ertority-ltfl for monitoring

P-14US (semiannually); TCE (2,700 ppb), DCE (190 ppb); very good well design.
10' screened interval. Priority III for monitoring.

P-l5U (semiantiually); trace 1,2-DCE, 1,l-DCE, DCA, and TCE; toluene (100 ppb),
trace'benzene (3 ppb); continue monitoring (priority I).

P-1SUS (semiannually); DCE (10 ppb), TCE (22), benzene (3); Walnut is only 2'
thick here, none of which is protected by steel casing. Screened interval
(8') includes 2' of Walnut. Do not aquifer test. Priority III for

monitoring.

P-16US (semiannually); DCE (490 ppb), TCE (1,500), toluene (14), benzene (82).
Not clear if all of Upper Sand is included. Continue monitoring (priority
I).

P-17US (annually); clean (?); bailer; frequently dry; cased through Walnut
(6.3'). 10' screen in clayey sand. Good monitoring well construction.
Priority III for monitoring when enough water. Good well to aquifer test
although upper sandstone unit cased off.

P.18US (semiannually); clean; bailer; cased through 9.5' of Walnut.
Screened/sand packed interval (17.5') includes 3' of Walnut, 6.5' of
sandstone, 6.5' of sandy clay-sandstone, and 1.5' of silty clay. Not
aquifer tested. Do not aquifer test. Priority III for monitoring.
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P-19US (annually); clean; sometimes dry. Cased through Walnut; 13.7' 

screened/packed interval. Good well. Not aquifer tested. Priority III 
for monitoring when possible to collect sample. 

P-20M (annually); clean. Priority III for monitoring. Total Depth is 155'. 
The galvanized pipe should be changed on the submersible pump at a later 
date if the water quality deteriorates. The 30' screened interval is 
mostly in sand. 

P-21U (annually); toluene (6 ppb). This well should be saved. It is a clean 
well. It is an upper Paluxy well, with a 20' screen and is cased and 
grouted from the surface to the top of the Paluxy. Total depth is 
It has a locking box over the well and 3 protective posts. Th alvapfzed 
pipe should be changed on the submersible pump at a later date if .-5"-e 
water quality deteriorates. 

toluene (15); 

P-22U (quarterly); vinyl chloride (77ppt)›,1,2-DCE (420 , TCE (150), toluene 
(15); boundary well; submersible pump,.;, continue monitoring (priority I) 
but remove galvanized pipe. 

P-23U(annually); toluene (3,4opb)., ethylsbenzene (2); boundary well; 
submersible; 0 K construction. Priority III for monitoring. Aquifer 
test. 

P-24M (quarterly); no VOCs, upgradient boundary well; priority III for 
monitoring. 

P-24U (quarterly); no VOCs, upgradient boundary well; priority III for 
monitoring. 

P-25M (quarterly); 1,1,1 trichloroethane (100 ppb); priority III for 
monitoring. Is in new Chemical Processing Building construction area. 
Keep. 

P-25U (quarterly); no VOCs (clean); in new Chemical Processing Building area; 
submersible pump; priority III for monitoring, but will have to remove 
galvanized pipe. Keep. 

P-26M (quarterly); no VOCs, submersible pump; boundary well; 70' screened 
interval; priority III for monitoring. 

P-26U (quarterly); no VOCs; boundary well; submersible pump; priority III for 
monitoring. 

P-22M (quarterly); boundary well; 1,2-DCE (3 ppb) 
continue monitoring (priority I). 
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P-19US (annually); clean; sometimes dry. Cased through Walnut; 13.7'

screened/packed interval. Good well. Not aquifer tested. Priority III
for monitoring when possible to collect sample.

P-20M (annually); clean. Priority III for monitoring. Total Depth is 155'.
The galvanized pipe should be changed on the submersible pump at a later
date if the water quality deteriorates. The 30' screened interval is
mostly in sand.

P-2lU (annually); toluene (6 ppb). This well should be saved. It is a clean
well. It is an upper Paluxy well, with a 20' screen and is cased and
grouted from the surface to the top of the Paluxy. Total depth isJ11.
It has a locking box over the well and 3 protective posts. Th-glvazed
pipe should be changed on the submersible pump at a later date if tt
water quality deteriorates.

P-22M (quarterly); boundary well; 1, 2-DCE (3 ppb) 31to1uene(15);
continue monitoring (priority I).

P-22U (quarterly); vinyl chloride (77p65l,2-DCE (423>-(fE (150), toluene
(15), boundary well, submersible pum continue monttoring (priority I)
but remove galvanized pipe

P-23U (annually), toluene"(3ppb) ethyl''benzene (2), boundary well,
submersible, 0 K construction Priority III for monitoring Aquifer
test -

P-24M (quarterly) no VOCs, upgradient boundary well, priority III for
monitoting

P-24U (quarterly); no VOCs, upgradient boundary well; priority III for
monitoring.

P-25M (quarter1y); 1,1,1 trichioroethane (100 ppb); priority III for
monitoring. Is in new Chemical Processing Building construction area.
Keep.

P-25U (quarterly); no VOCs (clean); in new Chemical Processing Building area;
submersible pump; priority III for monitoring, but will have to remove
galvanized pipe. Keep.

P-26M (quarterly); no VOCs, submersible pump; boundary well; 70' screened
interval; priority III for monitoring.

P-26U (quarterly); no VOCs; boundary well; submersible pump; priority III for
monitoring.
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General Considerations for the Sampling of Liquids 

Introduction 
The importance of proper sampling techniques for liquids cannot be overemphasized. 

Many factors shall be considered to obtain a sample that is (1) representative of the 
population being sampled, (2) collected in a manner that does not compromise the sample, 
(3) preserved properly until it can be analyzed in the laboratory, and (4) documented so that 
it can be properly traced. Accurate sampling shall be responsive to all of these 
considerations and to other items discussed in this procedure. 

L Scope 

1.1 Because the objective of most liquid sam-
pling is to obtain a sample that is representative of 
the population being sampled and retains the phys-
ical and chemical-properties of the population, the 
sampler shall make decisions concerning sample 
types, equipment to be used, quality control, decon-
tamination, etc., that will greatly affect the results 
obtained from the sampling event The information 
provided in this section will guide the sampler and 
provide the necessary background for theproper 
collection of liquid samples. The 10 items that shall 
be considered before collecting asampleare: 

Material Considerations 

Equipment Sel on Considerations 	6 

3. Referenced Documents 

Control Federation, Sfarrifard.Mefrwds for the Exami-
can Water Works Associatiorr;and Water Pollution 

nation of Water a 	ast 	er: American Public 

3.1 American Public HealthAssociatiorr, Ameri- 

Health As 	n, 	 D.C., 1980. s. 

ty fo esting and Materials, 3.2 American 
ndards, Section 11, Volume ,Annual Book of ASTM 

11.01.2, 1984. 

33,Xorte, N. ancl,D. Ealey, Procedures for Field 
C,belnical,Atialyser of Water Samples, Technical Mea-
surements Canter, U. S. Department of Energy, 
Grand junction Area Office, GJ/TMC-07(83), 1983. 

3.4 U.S. Department of Energy, The Environmen-
tal Survey Manual, Appendix E, Volume 4, 
DOE/EH-0053,1987. 

Well-Purging Strategies 

Sample Preservation and Filtration 
Considerations 

Decontamination 

Quality-Control Considerations 

Documentation 

Shipping and Handling 

Sampling Plan 

Health, Safety, and Environmental-
Compliance Considerations 

7 	3.5 U.S. Environmental Protection Agency, 
Handbook Groundwater, EPA /625 /6-87/016, 1987. 

8 	3.6 U.S. Environmental Protection Agency, 
Practical Guide for Groundwater Sampling, 
EPA/600/2-85/104, 1985. 

3.7 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Techniques of 
Water-Resources Investigations of the United States 
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment Printing Office, Washington, D. C., Stock 
Number 024-001-02879-4,1976. 

9 

10 

11 

12 

13 

14 

2. Hazard Analysis 

2.1 Specific hazards requiring controls are iden-
tified in the individual procedures. Site-specific 
controls are available in the planning documents 
for a particular project.  

4. Significance and Use 

4.1 The two general sample types are grab sam-
ples and composite samples. 

4.1.1 Grab samples are the most widely used 
type. They provide a sample that represents the 
characteristics of the liquid being sampled at a 
particular point in space and time. Grab samples 
are used where: 

B1.1-1 
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General Considerations for the Sampling of Liquids

Introduction
The importance of proper sampling techniques for liquids cannot be overemphasized.

Many factors shall be considered to obtain a sample that is (1) representative of the
population being sampled, (2) collected in a manner that does not compromise the sample,
(3) preserved properly until it can be analyzed in the laboratory, and (4) documented so that
it can be properly traced. Accurate sampling shall be responsive to all of these
considerations and to other items discussed in this procedure.

L Scope 3. Referenced Documents

LI Because the objective of most liquid sam- 3.1 American Public Health ssociatio Amen-
p1mg is to obtain a sample that is representative of can Water Works ASSOaatIOI and Water Pollution
the population being sampled and retains the phys- Control Federation, Sjaàrd..Mef1ds for the Exami-
ical and chemical properties of the population, the nation of Water ad.WastçJ3?Ser American Public
sampler shall make decisions concerning sample Health n)Yngtoi, D.C., 1980.
types, equipment to be used, quality control, decon- A andMterials
tamination, etc., that will greatly affect the resulta '
obtainedfrom the sampling event The information Afl7iU4I Book of ASTMandards, Section 11, Volume

provided in this section will guide the sampler and 2,
provide the necessary background for the proper 33 Korte, N. and D Ealey, Procedures for Field
collection of liquid samples The 10 items that shall CJiemicalAnaJysesof Water Samples, Technical Mea-
be considered before collecting asampleare sureutents Center, U S Departent of Energy,

e Grand Junction Area Office, GJ/TMC.-07(83), 1983
34 U S Departent of Energy, The Environmen-

Material Considerations tal Survey Manual, Appendix E, Volume 4,
Equipment Se1ect1n Considerations 6 DOE/EH0053, 1987.

Well-Purging Strategies

Sample Preservation and Filtration
Considerations

Decontamination

10 3.7 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of

12 Water-Resources Investigations of the United States
13 Geological Survey, Chapter D2, Book 1: U.S. Govern-

ment Printing Office, Washington, D. C., Stock
Number 024—00I--02879-.4, 1976.

14

2.. Hazard 4. Significance and Use

2.1 SpecifIc hazards requiring controls are iden-
tified in the individual procedures. Site-specific
controls are available in the planning documents
for a particular project

7 3.5 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA/625/6-87/016, 1987.

8 3.6 U.S. Environmental Protection Agency,
Practical Guide/br Groundwater Sampling,
EPA/600/2-85/104, 1985.

Quality-Control Considerations

Documentation

Shipping and Handling

Sampling Plan

Health, Safety, arid Environmental-
Compliance Considerations

4.1 The two general sample types are grab sam-
pies and composite samples.

4.1.1 Grab samples are the most widely used
type. They provide a sample that represents the
characteristics of the liquid being sampled at a
particular point in space and time. Grab samples
are used where:

Bi .1—1
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4.1.1.1 The flow of liquid is not continuous 
(e.g., batch discharges or intermittent flows.) 

4.1.1.2 The characteristics of the liquid are 
known to be fairly constant. 

4.1.13 The samples are to be used for parame-
ters with characteristics that are likely to change 
significantly with time (e g , dissolved gases, bacte-
rial decay, hydrolysis reactions, oxidation/reduc-
tion reactions, etc.). 

4.1.1.4 The compositing process would signifi-
cantly affect the concentration of an analyte. 

4.1.2 Composite samples are composed of small 
aliquots of constant volume collected at constant 
time intervals or flow increments. Composite sam-
ples are used to generate data that describe aver-
age characteristics. Composite samples are 
collected in several ways depending upon the par-
ticular variability being studied. The five types of 
composite samples are 

4.1.2.1 Simple composite samples consist of small 
aliquots of constant volume collected at constant \ 
time intervals. 

4.1.2.2 Flo -proportional composite samples are 
collected by varying the-6ne inte.rvals with flow or 
by proportionallyvarfizig,the volume collected 
with flow. FloW-propottional sampling is used 
where the liquid-flow is highly variable. 

4.1.2.3 Sequential composite samples require a 
series of individual samplescoilected per con-
tainer, with each container representing a specific 
time period. Thissairipling technique is used 
where the liquid being sampled varies significantly 
over short periods. 

4.1.2.4 Continuous composite samples are collected 
by extracting a small continuously flowing stream 
from the bulk source and directing it into the sam-
ple container. 

4.125 Areal composite samples are a composite of 
individual grab samples collected on an areal or 
cross-sectional basis. Areal composite samples are 
generally used to collect a sample from a lake 
or stream. 

4.13 Interpretation of results depends upon 
knowledge of groundwater flow direction and for-
mation transmissivity, lithologies sampled, and a 
properly collected, preserved, and uncontaminated 
sample. 

4.1.4 See Table 1 through Table 5 for advantages 
and disadvantages of different sampling devices. 
A description of the depth of monitoring wells and 
a depth to the sampie interval are necessary before 
proper sampling strategies can be chosen. 

5.2 The following ma.-,are generally used 
in construction of santOlingdevices and sampling 
containers. They are listed in 	of preference 
(least reactive to most reactive). 

5.2.1 Rigid materials. 

Stainless steeL 	- 

c. Polyvinylchloride (PVC). 

d. Low-carbon steeL 

e. Galvanized steel. 

f. Carbon steel. 

5.2.2 Flexible materials. 

a. Teflon®. 

b. Polypropylene. 

c. Linear polyethylene. 

d. Flexible PVC. 

e. Viton®. 

f. Conventional polyethylene. 

g. Tygon®. 

h. Silicone/neoprene. 

53 The choice of materials used shall be consid-
ered with respect to the parameter being sampled. 
The factors to be considered are: 

53.1 Negative contamination—The potential for 
the measured analyte concentration to be artifi-
cially low because of losses due to precipitation, 
volatilization, or absorption. 

5. Material Considerations 

5.1 The quality of the analytical data can be 
greatly affected by interactions between the sample 
and the sampling device. These interactions include 
chemical attack, microbial colonization, sorption, 
and leaching effects. To ensure the integrity of the 
sample and maximize the analyticallUality, the-
sampling device shall be constrciCtectof a nonreac-
tive material. 
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4.1.1.1 The flow of liquid is not continuous
(e.g., batch discharges or intermittent flows.)

4.1.1.2 The characteristics of the liquid are
known to be fairly constant

4.1.1.3 The samples are to be used for paraute-
ters with characteristics that are likely to change
significantly with time (e.g., dissolved gases, bacte-
rial decay, hydrolysis reactions, oxidation/reduc-
tion reactions, etc.).

4.1.1.4 The compositing process would sigxiifl-
cantly affect the concentration of an analyte.

4.1.2 Composite samples are composed of small
aliquots of constant volume collected at constant
time intervals or flow increments. Composite sam-
pies are used to generate data that describe aver-
age characteristics. Composite samples are
collected in several ways depending upon the par-
ticular variability being studied. The five types of
composite samples are:

4.1.2.4 Continuous composite samples are collected
by extracting a small continuously flowing stream
from the bulk source and directing it into the sam-
ple container.

4.1.2.5 Areal composite samples are a composite of
individual grab samples collected on an areal or
cross-sectional basis. Areal composite samples are
generally used to collect a sample from a lake
or stream.

4.13 Interpretation of results depends upon
knowledge of groundwater flow direction and for-
mation transmissivity, lithologies sampled, and a
properly collected, preserved, and uncontaminated
sample.

4.1.4 See Table 1 through Table 5 for advantages
and disadvantages of different sampling devices.
A description of the depth of monitoring wells and
a depth to the sample interval are necessary before
proper sampling strategies can be chosen.

5. Material Considerations

53 The choice of materials used shall be corisid-
ered with respect to the parameter being sampled.
The factors to be considered are:

53.1 Negative contamination—The potential for
the measured analyte concentration to be artifi-
daily low because of losses due to precipitation,
volatilization, or absorption.

5.1 The quality of the analytical data can be
greatly affected by interactions between the sample
and the sampling device. These interactions include
chemical attack, microbial colonization, sorpn,
and leaching effects. To ensure the inteity of the
sample and maximize the analytical41ality,tt1
sampling device shall be constrtictedo a nonreac-
tive matenaL

5.2 The following rnter!alsFe generally used
in construction of sampling.deviCes and sampling
containers They are listed inedr of preference
(least reactive to most reactive).

52L. Rigid materials.
412.1 Simple composite samples consist of small

aliquots of constant volume collected at constant a. Teflon
time intervals — b Stainless steel.

41.2.2 Flow-proportional composite samples az
collected by varying thelime in±ervals with flow9r
by proportionallyvaryingthe volume collected \—
with flow Flow-propotuonal sampling is used
where the liquiddiow is highly variable.

41.2.3 Sequential composite samples require a
series of individual samples.,cellected per con-
tainer, with each container representing a spedflc
time period. Thissampling technique is used
where the liquid being sampled varies significantly
over short periods.

C. Polyvinylchloride (PVC).

d. Low-carbon steel.

e. Galvanized steel.

f. Carbon steel.

5.2.2 Flexible materials.

a. Teflon®.

b. Polypropylene.

c. Linear polyethylene.

d. Flexible PVC.

e. Viton®.

f. Conventional polyethylene.

g. Tygon®.

h. Silicone/neoprene.

Bi .1—2



UNC Geotech 
 

LQ-1(G) 
5/90 Rev. 0 

 

Table 1. Grab-Type Mechanism 
57 63 

Advantage 
	 Disadvantage 

Virtually any material can be used for construction. 
Device is inexpensive. 
No external power source is required. 
Mechanism can be constructed in any size and shape. 
Device is easy to use and easily cleaned; requires little 

training for operation and little maintenance. 

Sampling is labor-intensive and time-consuming. 
Aeration, degasing, and turbulence occur 

during sampling, 
Sampler susceptible to exposure to any contaminants 

in the sample. 
Does not provide a continuous supply of sample. 

53.2 Positive contamination—the potential for 
the measured analyte to be artificially high because 
of leaching or introduction of foreign matter into 
the sample by particle fallout or gaseous air con-
taminants. 

533 Cross-contamination--a type of contamina-
tion caused by the introduction of part of one sam-
ple into a second sample. 

6. Equipment Selection Consideraticiiii`' 

6.1 Because each sampling situation is-tiraque;)  
the sampler may have to modify equipmentanck 

applications to ensurethat a representative sample 
is collected and.-to maintain the sample's physical 
and chemical integrity. No one particular device 
will fit every situation. The sampler shall under-
stand the`various sampling devicesand their ad-
vantages and disadvantages toeffectively use them 
to collect samples: "The following items shall be con-
sidered whenselecting a sampling device. 

6.1.1 Potential impact of the device on sample 
integrity. 

6.1.2 Method of sample delivery. 

6.1.3 Flow controllability. 

6.1.4 Depth of sampling interval 

6.1.5 Ease of operation, deanirtg, and 
maintenance. 

6.1.6 Reliability and durability. 

6.1.7 Portability of the device. 

6.1.8 Initial cost and operational cost 

62 There are basically four types of sampling 
devices: (1) grab mechanisms, (2) suction-lift mech-
anisms, (3) positive displacement mechanisms, and 
(4) submersible pumps. Discussion of the uses,  

advantages, and disadvantages 9f-these devices 
follows. 

'- 
6.2.1 Grab mechanisms,consist of bailers and 

dip-type sampleri.-Thesedevices are the oldest 
and simplest for conedigit-6f liquid samples. They 
can be made of virtually any-material and-can be 
,used• to collect liquid samples from almost any 
source. Table 1 presents the advantages and disad-
vantages of a grab-type mechanism. 

jrZ.2. Suction-lift mechanisms consist of 
peristaltic-type pumps and centrifugal pumps that 
apply a vacuum, which causes the liquid to be 
drawn upward through a suction line. Their use is 
generally limited to purging wells of stagnant 
water and sampling for inorganic analytes. Table 2 
presents the advantages and disadvantages of a 
suction-lift mechanism. 

6.2.3 Positive-displacement mechanisms consist 
of gas-driven devices and gas-operated bladder 
pumps. These devices are generally used to sample 
groundwater when the liquid must be pumped to 
the surface. Positive-displacement devices can be 
constructed of a variety of materials to fit most 
sampling situations. Tables 3 and 4 present the 
advantages and disadvantages of positive-
displacement mechanisms. 

6.2.4 Submersible pumps are generally not used 
for sample collection. They are useful in purging 
large-volume wells of stagnant water; however, 
severe aeration and turbulence of the sample 
occur due to their method of sample delivery. 
Table 5 lists the advantages and disadvantages of 
using a submersible pump. 

7. Well-Purging Strategies 

7.1 To obtain a representative groundwater 
sample, it is necessary to remove the stagnant 
water from the well casing. The water within the 
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Advantage Disadvantage

Virtually any material can be used for construction. Sampling is labor-intensive and time-consuming.
Device is inexpensive. Aeration, degasing, and turbulence occur
No external power source is required. dunng sampling,
Mechanism can be constructed in any size and shape. Sampler susceptible to exposure to any contaminants
Device is easy to use and easily cleaned; requires little in the sample.

training for operation and little maintenance. Does not provide a continuous supply of sample.

advantages, and disadvantages of-these d..ev!&s
follows.

6.2.1 Grab mechaats consist of bailers and
dip-type saniple These devices are the oldest
and simplest for collti9-Of liquid samples Ihey
can be made of virtualry aiy—material and can be
used to collect liquid samples from almost any
source Table 1 presents the advantages and disad-
vantages of a grab-type mechanism.

6 Equipment Selection Considerationi' Suction-lift mechanisms consist of

6.1 Because each sampling situation i-tiiáque, peristaffic-type pumps and centrifugal pumps that
the sampler may have to modify e ipment,ank.... apply a vacuum, which causes the liquid to be

applications to ensure-that a representative sample drawn upward through a suction line Their use is
is collected andto maintain the sample's phy generally limited to purging wells of stagnant
and chemical integrity. No one particular device

-- water and sampling for inorganic analytes. Table 2
will fit every situation. The sampler shall under- presents the advantages and disadvantages of a
stand the-various sampling devicesand their ad- suction-lift U'echaiUSm.

vantages and disadvantages to-effectively use them
to collect samples. The following items shall be con-
sidered whenselectixtg a sampling device.

6.1.1 Potential impact of the device on sample
integrity.

62 There are basically four types of sampling
devices: (1) grab mechanisms, (2) suction-lift uiech-
anisxns, (3) positive displacement mechanisms, and
(4) submersible pumps. Discussion of the uses,

6.2.3 Positive-displacement mechanisms consist
of gas-driven devices and gas-operated bladder
pumps. These devices are generally used to sample
groundwater when the liquid must be pumped to
the surface. Positive-displacement devices can be
constructed of a variety of materials to fit most
sampling situations. Tables 3 and 4 present the
advantages and disadvantages of positive-
displacement mechanisms.

6.2.4 Submersible pumps are generally not used
for sample collection. They are useful in purging
volume wells of stagnant water; however,
severe aeration and turbulence of the sample
occur due to their method of sample delivery.
Table 5 lists the advantages and disadvantages of
using a submersible pump.
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53.2 Positive contamination—the potential for
the measured analyte to be artificially high because
of leaching or introduction of foreit matter into
the sample by particle fallout or gaseous air con-
taniinants.

5.3.3 Cross-contamination—a type of contaxnina-
tion caused by the introduction of part of one sam-
ple into a second sample.

6.1.2 Method of sample delivery.

6.1.3 Flow controllability.

6.1.4 Depth of sampling intervaL

6.15 Ease of operation, deaxung, and
maintenance.

6.1.6 Reliability and durability.

6.1.7 Portability of the device.

6.1.8 Initial cost and operational cost

7. Well-Purging Strategies
7.1 To obtain a representative groundwater

sample, it is necessary to remove the stagnant
water from the well casing. The water within the
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Device can be used in wells of 1.5-inch inside diameter. 
Device inexpensive and highly portable for most 

sampling applications. 
Permanent installation is possible in boreholes 

without casing. 
Inert materials can be used for construction of deviqe.„--„,  
Sample delivery rate centreControlled. 
Burst strength oftne'inaterials used to make device 

and tubirigit Only limiting factor in determining 
sampling deptit" 

Oxidation and gas-stripping of volatiles may occur if air 
or oxygen is used used`as the driving gas. 

Requiresair compressofor large compressed-air tanks. 
Appirciationtlexcessive air pressure can rupture the 

gairentry or discharge tubing. 
Difficult to retrieve for repair, cleaning, and maint-

'nance when installed permanently in boreholes 
without casing. 
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Table 2. Suction-Lift Mechanism 

Advantage 
	

Disadvantage 

Flow rates are easily adjustable. 
Device has no contact with the sample. 
Device can be used in wells of any diameter. 
High flow rates are obtainable for well purging. 
Only the tubing requires cleaning 

(peristaltic pumps only). 

Use is limited to situations where the liquid level is less 
than 25 feet below the surface. 

Drop in pressure of suction-lift mechanisms causes 
degasing of the sample and loss of volatiles. 

Choice of construction material is limited. 
Centrifugal pumps need to be primed, resulting in 

possible sample contamination. 
Severe aeration and turbulence occur with 

centrifugal pump• 

Table 3. Gas-Driven Device 

Advantage 
	

Disadvantage," 

Table 4. Gas-Operated Bladder Pumps 

Advantage 
	

Disadvantage 

Pump is constructed of inert materials; most pumps are 
designed specifically to sample for low levels of 
contaminants. 

Driving gas does not contact the sample, thus 
minimizing sample aeration and gas stripping. 

Pump is portable, though accessory equipment may be 
cumbersome. 

Relatively high pumping rate allows well evacuation 
and collection of large sample volumes. 

Sample delivery rate can be controlled easily on 
some models. 

Most models are capable of pumping lifts in excess 
of 200 feet 

Pump diameters are variable, depending on 
the application. 

Deep sampling requires large volumes of gas and 
longer cycles, thus increasing operating time and 
expense and reducing portability. 

Check valves in some models are subject to failure 
in water with high solids content. 

Most available models are expensive. 
Minimum rate of sample discharge of some 

models may be higher than ideal for sampling of 
volatile compounds. 

Pump is easily disassembled for cleaning. 

LQ—1(G)
5/90 Rev. 0
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Table 2. Suction-Lift Mechanism

Advantage Disadvantage

Row rates are easily adjustable. Use is limited to situations where the liquid level is less
Device has no contact with the sample. than 25 feet below the surface.
Device can be used in wells of any diameter. Drop in pressure of suction-lift mechanisms causes
High flow rates are obtainable for well purging. degasirig of the sample and loss of volatiles.

Only the tubing requires cleaning Choice of construction material is limited.

(peristaltic pumps only).

Table 3

Centrifugal pumps need to be primed, resulting in
possible sample contamination.

Severe aeration and turbulence occur with

centrifugal pump. .— _-'

Gas-Dnven Device

Advantage DIsadvantage' -
Device can be used in wells of 1 .5-inch inside diameter. Oxidation and gas-stripping of volatiles may occur if air
Device inexpensive and highly portable for most or oxygen is used usedas the driving gas.

sampling applications. Requiresair compressoc or large compressed-air tanks
Permanent installation is possible in boreholes Appl1catoncf excessive air pressure can rupture the

without casing gas entry or discharge tubing
Inert materials can be used for construction of dev —.. Difficult to retneve for repair, cleaning, arid maint-
Sample delivery rate can-be controlled nance when installed permanently in boreholes
Burst strength of the matenals used to make device wrthout casing

and tubings only lining factor in determining
sanpling deptit"

Table 4 Gas-Operated Bladder Pumps

Advantage Disadvantage

Pump is constructed of inert matenals; most pumps are Deep sampling requires large volumes of gas and
designed specifically to sample for low levels of longer cycles, thus increasing operating time and
contaminante. expense and reducing portability.

Driving gas does not contact the sample, thus Check valves in some models are subject to failure

minimizing sample aeration and gas stripping, in water with high solids content
Pump is portable, though accessory equipment may be Most available models are expensive.

cumbersome. Minimum rate of sample discharge of some
Relatively high pumping rate allows well evacuation models may be higher than ideal for sampling of

and collection of large sample volumes, volatile compounds.
Sample delivery rate can be controlled easily on Pump is easily disassembled for cleaning.

some models.
Most models are capable of pumping lifts in excess

of 200 feet
Pump diameters are variable, depending on

the application.
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Advantage 
	

Disadvantage 

High pumping rates are possible for well purging. 
Pump can be used at depths of more than 200 feet. 

Sampler has little control of flow rates; not possible 
to adjust from a high rate for purging to a low rate 
for sampling. 

Severe aeration and degasing of sample occurs, thus 
volatilizing organics and other sensitive compounds. 

Pump has limited portability and requires a power 
source for operation. 

Pump is not easily disassembled for cleaning. 

well casing and in proximity to the well is proba-
bly not representative of the overall groundwater 
at the sampling site. Drilling contaminants may be 
near the well; and important environmental condi-
tions, such as the oxidation/reduction potential, 
may differ drastically near the well from the condi-
tions in the surrounding water-bearing formation. 
The recommended amount of water to be purged 
from the well prior to sampling varies .on a caseeby-
case basis. The amount of water to be purged is 
based on the hydraulic properties of the geologic/ 
materials surrounding the 	well-construction 
parameters, desired pumping rates, and sampling,  
methodology employed. There is no one single - 
number'of well-volumes to be pumped that is best 
or fits all situations. The goal is to obtain water 
from the well that is representative of the ground-
water, while minimizing the disturbance of the 
regional flow system and the collected sample. 

7.2 The most common procedure is to pump or 
bail the well until three to five casing volumes of 
water have been removed. This requirement is 
stated in the U.S. Environmental Protection 
Agency (EPA) RCRA Technical Enforcement Guid-
ance Document and in the EPA Test Methods for Eval-
uating Solid Wastes (SW-846). The sampler shall use 
the following guidelines to determine when suffi-
cient water has been removed from the well prior 
to sampling. 

7.3 Guidelines for Well Purging Prior to Sam-
pling ri-Q-3(P)]. 

7.3.1 Purging accomplished by pumping from 
near the water surface within the well casing is the 
most reliable way to ensure removal of stagnant 
water within the well casing. 

7.3.2 Removal of , ree-to five casing volumes 
by surface pumping is sufficient to remove virtu-
ally all stagnant water /̀within the well. 

7.3.3 MonitorinvpH, conductivity andlempera-
ture 'during purging i,sariindicator that when stabi-
lized (± 10 percent), the well is providing 
formation water. 

Pumping or bailing a well dry and allow-
iing_it-Co recover is sufficient to remove the stagnant 
water within the well. 

7.3.5 Documentation of the purging process 
should be provided so that the data user can assess 
the quality of the data. 

8. Sample Preservation and Filtration 
Considerations 

8.1 Sample Preservation Consideration—Preserva-
tion of samples is necessary to stabilize specific 
parameters during shipment to a laboratory and 
while the samples are being held for analysis. Pres-
ervation is intended to (1) retard biological effects, 
(2) retard hydrolysis, (3) reduce sorption, and (4) 
reduce volatility of constituents. Preservation tech-
niques are parameter-specific and include many 
different methods. Generally, the Sampling and 
Analysis Plan and/or the laboratory performing 
the analysis will determine the specific require-
ments. Table 6 can be used as a guide for preserva-
tion requirements, container types and sizes, and 
holding times; but contains only some of the more 
common practices. 

8.2 Sample Filtration Considerations—Predictions 
of contaminant migration, whether made empiri-
cally or with a computer model, require that a dis-
tinction be made between soluble species and 
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Advantag. Disadvantage

High pumping rates are possible for well purging. Sampler has little control of flow rates; not possible
Pump can be used at depths of more than 200 feet. to adjust from a high rate for purging to a low rate

for sampling.
Severe aeration arid degasing of sample occurs, thus

volatilizing organics and other sensitive compounds.
Pump has limited portability and requires a power

source for operation.
Pump is not easily disassembled for cleaning.' \

well casing and in proxinuty to the well is proba- 73.2 Removal of three'to five sing volumes
bly not representative of the overall groundwater by surface pumping is sMent to remove virtu-
at the sampling site Drillingcontaminants may be ally all stagnant water within the well.
near the well, and important environmental condi- ' "."
tions, such as the oxidation/reduction potential, 7.3.3 MomtorinpH, C nductivzty and"tempera-
may differ drastically near the well from the condi- ture during purging is.an indicator that when stabi-

tions in the surrounding water-bearing formation. ]ized (± 10 percent), the well is providing

The recommended amount of water to be ed formation water.

from the well prior to sampling varies on a caseby- ,,2'3 4 Pumping or bailing a well dry arid allow-
case basis The amount of water to be purged is ing 1ttorecover is sufficent to remove the stagnant
based on the hydraulic properties of the geologic water within the welL
materials surrounding the well, well-construction
parameters, desired pumping rates, and sampling

735 Documentation of the purging process

methodology employed. There is no one single - should be provided so that the data user can assess

number of well v-ólumes to be pumped that is best e quality o e a
or fits all situations. The goal is to obtain water
from the well that is representative of the ground-
water, while minthuizingthe disturbance of the
regional flow systemand the collected sample. 8.1 Sample Preservation Consideraticn—Preserva-

72 The most common procedure is to pump or tion of samples is necessary to stabilize specific
bail the well until three to five casing volumes of parameters during shipment to a laboratory and
water have been removed. This requirement i while the samplesare being held for analysis. Pres-
stated in the US. Environmental Protection ervation is intended to (1) retard biological effects,
Agency (EPA) RCR.A Technical Enforcement Gid- (2) retard hydrolysis, (3) reduce sorption, and (4)
once Document and in the EPA Test Methods for Eva!- reduce volatility of constituents. Preservation tech-
uating Solid Wastes (SW-846). The sampler shall .'c mques are parameter-specific and include many
the following guidelines to determine when . different methods. Generally, the Sampling and
dent water has been removed from the well prior Analysis Plan and/or the laboratory performing
to sampling, the analysis will determine the specific require-

ments. Table 6 can be used as a guide for preserva-
tion requirements, container types and sizes, and
holding times; but contains only some of the more
common practices.

82 Sample Filtration Considerations—Predictions
of contaminant migration, whether made empiri-
cally or with a computer model, require that a dis-
tinction be made between soluble species and

Table 5. Submersible Pump 65

8. Sample Preservation and Filtration
Considerations

73 Guidelines for Well Purging Prior to Sam-
pling rLQ-3(P)1.

73.1 Purging accomplished by pumping from
near the water surface within the well casing is the
most reliable way to ensure removal of stagnant
water within the well casing.
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Table 6. Preservation Requirements 

Parameter Container 
Size and Materials 

Preservation Holding 
Time 

Comments 

Metals 
	

125-mL 
	

HNO3 pH <2 
HDPE 

Anions NO3 and PO4 
	125-mL 
	

Cool to 4 °C 
HDPE 

Anions F, CI, and SO4 
	125-mL 
	

Cool to 4°C 
HDPE 

Cyanide 
	

1,000-mL 
	

NaOH pH >12 
HDPE 

Sulfide 
	

1,000-mL 
	

2-mL 2 N zinc 
HDPE 
	

acetate, cool 

Total Organic 	 125-mL 	 H2SO4 or HCI, 
Carbon 	 glass 	 pH <2, 4 °C .  

Volatile Organics 	2 each, 	 Cool to 4 °O. 
40-mL glass 

Semi-Volatile 	 2 each, 	 'Cool to 
Organics 	 1,000-mL glass--Th 

aHDPE High-density polyethylene. 

suspended matter:. Determining the soluble speci  es 
requires the samples to be filtered prior to analysis. 
A filter pore size of 0.45 micometer (gin),ha.s been 
accepted as the cutoff size to be used for determin-
ing dissolved versu.ssuspended matter. Samples 
requiring filtration shall be filtered as soon after 
collection as possible, preferably at the time of col-
lection. Many devices are available to filter the sam-
ple and include large and small disposable 
cartridges and large and small filter holders with 
replaceable filters. The device chosen will vary 
depending upon the amount of suspended matter 
in the sample, amount of sample requiring filtra-
tion, and equipment available to filter the sample. 
Many different types of filter media are available 
(including cellulose nitrate, cellulose acetate, 
Teflon®, nylon, and polycarbonate) in a 0.45-p.m 
filter size. The choice of filter media will depend 
on the constituents being analyzed and the amount 
and size of the suspended matter in the sample. 
The following guidelines will be helpful in the 
choice of sampling device and filter media. 

8.2.1 The preferred device is an in-line 
filtration module that operates from sampling 
pump pressure.  

8.2.2 The required filter pore size is 0.45 

8.2.3 Samples containing high suspended solids 
or large volumes can be best filtered using a high-
capacity cartridge filter. 

8.2.4 Clear samples or samples requiring small 
volumes can be filtered using small cartridge filters 
or filtration devices with replaceable filter media. 

8.2.5 Thoroughly clean all devices that use 
replaceable filters and discard the initial 50 to 
100 millliter (mL) of sample as a rinse prior to 
sample collection. 

9. Decontamination 

9.1 A major part of the work effort and cost 
spent during an investigation is associated with 
collecting and analyzing samples. To that end, 
effective decontamination of reusable equipment is 
critical to the credibility of the data generated dur-
ing the investigation. No universal standards exist 
for equipment decontamination, but most state 
and federal regulatory agencies have established 
guidelines that should be considered when devel-
oping decontamination protocols. Therefore, the 

LQ—1(G)
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125-mL
HOPE

Table 6. Preseivation Requirements

Protect Ag
from light

Volatile Organics 2 each,
40-mL glass

HDPE High-densfty polyethylene.

suspended matter Determining the solublespy'
requires the samples to befiltered prior to analysis.
A filterpore size of 0.45 micometer (ii.rn)h.as been
accepted as the cutoff size to be used for deternin-
ing dissolved versu&suspended matter. Samples
requiring filtration shall be filtered as soon after
collection as possible, preferably at the time of col-
lection. Many devices are available to filter the sam-
ple and include large and small disposable
cartridges and large and small filter holderswith
replaceable filters.Thedevicechosen will vary
depending upon the amountof suspended matter
in the sample, amount of sample requiringfiltra-
tion, and equipment available to filter thesample.
Manydifferent types offiltermedia are available
(including cellulose nitrate, cellulose acetate,
Teflon®, nylon, and polycarbonate) in a 0.45-pin
filter size. The choice of filter media will depend
on the constituenta being analyzed and the amount
and size of the suspended matter in the sample.
The following guidelines will be helpful in the
choice of samplingdeviceand filter media.

8.2.1 Thepreferred device is an in-line
filtration module that operates from sampling
pump pressure.

Protect from
light

8.2.2 The required filter poresize is 0.45 rim.

8.2.3 Samples containing high suspendedsolids
or large volumes can be best filtered using a high-
capacitycartridge filter.

8.2.4 Clear samples orsamples requiringsmall
volumes can be filtered using small cartridge filters
or filtration devices with replaceable filtermedia.

8.2.5 Thoroughly clean all devices that use

replaceable filters and discard the initial 50 to
100 mililiter(mL) of sample as a rinse prior to
sample collection.

9. Decontamination

9.1 A major partof the work effortand cost
spent during an investigation is associated with
collecting and analyzing samples. To that end,
effective decontamination of reusableequipment is
aitical to the edibilityof the data generated dur-
ing the investigation. No universalstandards exist
for equipment decontamination, but moststate
and federalregulatory agenoes have established
guidelines that shouldbe considered when devel-
oping decontamination protocols. Therefore, the
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Parameter Preservation Holding comments
Size and Mateilal' Time

HNO3 pH <2 6 months

Anions N03 and P04 125-mL
HOPE

Anions F, Cl, and SO4 125-mL
HOPE

Cyanide 1 ,000-mL
HOPE

Sulfide I ,000-mL
HOPE

Cool to4°C 48 hours

Cool to 4°C 28 days

rotal Organic
Carbon

NaOH pH >12

2-mL2 N zinc
acetate, cool

H2S04 or HCI,

14 days

28

125-mL
glass

Semi-Volatile
Organics

•2each, Cool
1 ,OOOmLglass—'\

No bubbles
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individuals conducting the sampling shall develop 
protocols that will best fit the requirements of the 
investigation being conducted. 

92 Decontamination consists of a physical 
cleaning of the equipment followed by a chemical 
cleaning. The process shall be designed to mini-
mize the spread of contaminants to clean areas and 
to minimize the cross-contamination of sampling 
sites. The following general guidelines provide a 
basis for achieving this goaL 

9.2.1 Physical decontamination methods consist 
of cleaning with brushes, clean rags, and high-
pressure water to physically remove the contami-
nation. This is followed by a distilled or deionized 
water rinse and drying with lint-free tissues. 

9.2.2 Chemical decontamination methods shall 
depend on the nature and extent of contamination. 
At a minimum, chemical cleaning would consist of 
washing the contaminated equipment in a soap 
solution, rinsing with tap water, rinsing with dis-
tilled or deionized water, and air drying or wiping 
dry with lint-free tissues. Some situationsthight, 
call for a chemical cleaning with acids such.as 
HNO3 or HO, or organic solvents such as metha 
nol, acetone, or hexane,_ 

10. Quality-Control Considerations 
10.1 The fundamental goal of field quality con-

trol is to ensure that the sampling protocol is being 
executed faithfully and that situations leading to 
error are recognized before they seriously impact 
the data. This goalcan be achieved only through 
knowledge, training, experience, and continued 
refinement of procedures. The use of field quality-
control samples such as blanks, standards, and 
spiked samples can account only for changes that 
occur after sample collection. The following guide-
lines are quality-control measures that are gener-
ally used by the sampler in the field. 

10.1.1 Field blanks are used to enable quantita-
tive correction for bias that arises due to handling, 
storage, transport, and laboratory procedures. 
They can also detect problems in inadequate field 
decontamination procedures or potential cross-
contamination problems in field procedures or 
both. Field blanks consist of water that is metal-
free or organic-free, or both, which contacts the 
sampling equipment under field conditions. Field 
blanks are also considered equipment blanks. 
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10.1.2 Trip blanks are used to detect any contami-

nation or cross-contamination resulting from han-
dling and transportation. They consist of water 
that is metal-free or organic-free, or both, which is 
placed in the sampling containers that accompany 
the samples to and from the field. 

10.1.3 Field duplicates are actual samples col-
lected in the field in duplicate and sent to the labo-
ratory. They are used to document the precision of 
the sampling and analytical technique. 

10.1.4 Field spikes are actual samples colleted in 
the field and spiked with a known amount of,- 
analyte. They are used to determine the loss of 
analytes of interest during sampling and shipment. 
They are not generallrisedbeciuse they are sus-
ceptible to errors tat azedifficult to control in a 
field situation: 

10.1.5 Control samples aresamples of latown 
analyte concerttrationprepared in a laboratory and 
then submitted with the field samples as a field 
sample. They are usetito document the accuracy of 
the analytical technique. 

11. Documentation 
11.1 The documentation of the field activities 

and sample collection activities shall contain the 
information necessary for reconstruction of the 
sampling event at a later date. This documentation 
process consists of (1) field logbooks, (2) sample 
identification forms, (3) documentation of sample 
collection forms, (4) sample labels, and (5) chain-
of-custody forms. Keep in mind that the documen-
tation process should be able to provide answers 
to the questions who, why, what, when, where, 
and how. 

11.1.1 Field logbooks are used to record the activi-
ties of the field team and to record information 
about the sampling event that is not contained on 
other forms. The logbook shall be bound and have 
consecutively numbered pages. The field team 
leader shall maintain the logbook. Items that 
would normally be recorded in the field logbook 
are (1) sampling team members; (2) equipment 
used on the sampling event; (3) source and expira-
tion date of calibrating solutions used; (4) date, 
time, and sample number of samples collected; (5) 
weather conditions, if they are important to under-
standing the data; and (6) other quantitative infor-
mation or measurements that are important to the 
data reviewer. 
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10.11 Trip blanI are used to detect any contami-
nation or aoss-contamination resulting from han-
dling and transportation. They consist of water
that is metal-free or organic-free, or both, which is
placed in the sampling containers that accompany
the samples to and from the field.

10.1.3 Field duplicates are actual samples col-
lected in the field in duplicate and sent to the labo-
ratory. They are used to document the predsion of
the sampling and analytical technique.

10.1.4 Field spikes are actual samples col1eted in
thefieldandspikedwithaknownamountoL-
analyte. They are used to determine the los. of
analytes of interest durinsampling and shipment.
They are not generaliyifedbeó.use they are sus-
ceptible to errorsth'at aredifficult to control in a

9.2.2 Chemical decontanunatxori methods shall . ..'fieldsituation.
depend on the nature and extent of contamination. ' .-
Ata minimum, chemical cleaning would consist of 10 1.5 Control samples are samples of known
washing the contaminated equipment inasoap analyte concentrationprepared m a laboratory and
solution, rinsing with tap water, rinsing with dis- then submitted with the field samples as a field
tilled or deionized water, and air drying or wpmg sample They are used to document the accuracy of
dry with lint-free tissues Some situationsnught the analytical technique
call for a chemical cleaning with acids suchas -
HNO3 or MCi, or organic solvents such as metha.' 11. Documentation
nol, acetone, or hex e, ,'-'

11 1 The documentation of the field activities

10. Quality-ControlConsiderations
.

andsample collection activities shall contain the
information necessary for reconstruction of the

10.1 The fu±tdamental goal of field quality con- sampling event at a later date. This documentation
trol is to ensure that the sampling protocol is being process consists of (1) field logbooks, (2) sample
executed faithfully and that situations leading to identification forms, (3) documentation of sample
error are recognized before they seriously impact collection forms, (4) sample labels, and (5) chain-
the data. This goa1can be achieved only through of-custody forms. Keep in mind that the documen-
knowledge, training, experience, and continued tation process should be able to provide answers
refinement of procedures. The use of field quality- to the questions who, why, what, when, where,
control samples such as blanks, standards, and and how.
spiked samples can account only for changes that
occur after sample collection. The following guide-
lines are quality-control measures that are gener-
aliyusedbythesamplerinthefield.

11.1.1 FieLd logbooks are used to record the activi-
ties of the field team and to record information
about the sampling event that is not contained on
other forms. The logbook shall be bound and have
consecutively numbered pages. The field team
leader shall maintain the logbook. Items that
would normally be recorded in the field logbook
are (1) sampling team members; (2) equipment
used on the sampling event; (3) source and expira-
tion date of calibrating solutions used; (4) date,
time, and sample number of samples collected; (5)
weather conditions, if they are important to under-
standing the data; and (6) other quantitative infor-
mation or measurements that are important to the
data reviewer.

individuals conducting the sampling shall develop
protocols that will best fit the requirements of the
investigation being conducted.

9.2 Decontamination consists of a physical
cleaning of the equipment followed by a chemical
cleaning. The process shall be designed to mini-
mize the spread of contaminants to clean areas and
to minimize the oss-contaniination of sampling
sites. The following general guidelines provide a
basis for achieving this goal.

9.2.1 Physical decontamination methods consist
of cleaning with brushes, clean rags, and high-
pressure water to physically remove the contami-
nation. This is followed by a distilled or deionized
water rinse and drying with lint-free tissues.

10.1.1 Field blanks are used to enable quantita-
tive correction for bias that arises due to handling,
storage, transport, and laboratory procedures.
They can also detect problems in inadequate field
decontamination procedures or potential coss-
contamination problems in field procedures or
both. Field blanks consist of water that is metal-
free or organic-free, or both, which contacts the
sampling equipment under field conditions. Field
blanks are also considered equipment blanks.

Bi .1—7



LQ-1(G) 
5/90 Rev. 0 UAW GeQ2ch 

GS 
hazardous materials and substances. Coordination 
with the laboratory is critical to ensure that sam-
ples will arrive in a timely manner and the labora-
tory can meet the required holding times. This may 
require adjustment to sampling schedules. 

12.2 The DOT regulations governing shipment 
of hazardous materials and substances are avail-
able in Hazardous Materials Regulations 
(49 CFR 171-179). The sampler should be familiar 
with and shall comply with these regulations. The 
regulations describe proper marking, labeling,„,, 
packaging, documentation, and shippingproce-
dures. Samples of a substance listed in-the Hazard-
ous Materials Table (49 CFR 172,1e1) shall he 
identified, packaged, mar , labeled-Clocu- 
mented, and shippecLaccor 	fi; the regulations 
listed for that material 	ev if the composir 
tion of the sample iseunlcn 	tthe shipper shall- 
select the appropriate, 	lion category in 
accordance with 49 	402(h). A material for 
which reasonable doubt exists as to its class and 
labeling requirements, and for which a sample 
must betransportedJor laboratory analysis, may 
be labeled-aCcording to the shipper's tentative class 
assignment based upon: (1) defining criteria (Le., 
 accompany the sampleserideac.h person reiri 	definitions of the hazard classes); (2) hazard prece- 

quishing or receiving 	
r ,,..dence prescribed in 49 CFR 173.2; and (3) shipper's
hadlvreceiving theaamples shalrsign  

date the forruthd retain-a copy for their records. 	krtowledge of the material 

11.1.5 Custody seals are used to detect unautho-
rized tampering of samples. They shall be affixed 
to the shipping container in such a way that, if the 
shipping container is properly secured and arrives 
at the laboratory with-the custody seals intact, the 
integrity of the sample can be demonstrated. 
Custody seals can also be placed directly over the 
lid of the sample container to further ensure that 
there has been no tampering with the sample. 
Custody seals may also be placed on the door of the 
sample storage area to document that no unautho-
rized entry was made while the sample was stored. 

12. Shipping and Handling 

12.1 The storage and transport of samples are 
often the most neglected elements of a sampling 
program. Samples shall be stored in a manner that 
does not compromise the sample integrity and shall 
be shipped to the laboratory in a timely manner to 
satisfy holding times. In addition, all shipments 
shall comply with the Department of Transporta-
tion (DOE) regulations governing shipment of 

11.1.2 Sample identification forms may vary from 
project to project but all are designed to provide 
information about where the sample was collected, 
who collected the sample, date of collection, and 
comments by the sampler to document other 
important information. 

11.1.3 Sample labels are necessary to prevent mis-
identification of the samples. Each label shall in-
dude, at a minimum, (1) sample number, (2) name 
of sampler, (3) date and time of collection, (4) place 
of collection, and (5) name and address of organiza-
tion collecting the sample. 

11.1.4 Chain of custody is an essential part of the 
sampling scheme to ensure the integrity of the sam-
ple from collection to data reporting. The posses-
sion and handling of the samples should be 
traceable from the time of collection through analy-
sis and final disposition. This documentation is 
known as the chain of custody. A sample is consid-
ered to be under a person's custody if it is (1) in a 
person's physical possession, (2) in view of the per-
son after taking possession, and (3) secured by-that 
person so that no one can tamper with it or secured\ 
by that person in an area that is restricted,teraiitho-
rized personneL The chain-of-custodyform shag 

12.3 The hazards listed in 49 CFR 173.2 fall into 
five classes: (1) flammable liquids, (2) radioactive 
materials, (3) oxidizers, (4) flammable solids, and 
(5) corrosives. The sampler should be familiar 
with the definitions of these classes to properly 
ship the samples. 

13. Sampling Plan 

13.1 A sampling plan shall be prepared after all 
the previous items have been properly considered. 
The sampling plan is the road map that should be 
followed during sample collection. It is a collection 
of separate steps arranged in a specific order that, 
when properly followed, results in a unique sample 
being obtained. It shall be flexible enough to allow 
for changes in data-quality objectives, information 
needs, and the variety of situations found at a par-
ticular site. The generalized plan presented in this 
section describes the steps and the goal each step is 
to accomplish. The steps are arranged in the order 
in which they should be executed, but some steps 
may be executed concurrently. However, some 
steps are not applicable to all liquid types and can 
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11.1.2 Sample identification forms may vary from
project to project but all are designed to provide
information about where the sample was collected,
who collected the sample, date of collection, and
comments by the sampler to document other
important information.

11.1.3 Sample labels are necessary to prevent mis-
identification of the samples. Each label shall in-
dude, at a minimum, (1) sample number, (2) name
of sampler, (3) date and time of collection, (4) place
of collection, and (5) name and address of organiza-
tion collecting the sample.

12. Shipping and Handling
12.1 The storage and transport of samples are

often the most neglected elements of a sampling
program. Samples shall be stored in a manner that
does not compromise the sample integrity and shall
be shipped to the laboratory in a timely manner to
satisfy holding times. In addition, all shipments
shall comply with the Department of Transporta-
tion (DOE) regulations governing shipment of

hazardous materials and substances. Coordination
with the laboratory is critical to ensure that sam-
ples will arrive in a timely manner and the labora-
tory can meet the required holding times. This may
require adjustment to sampling schedules.

12.3 The hazards listed in 49 CFR 173.2 fall into
five classes: (1) flammable liquids, (2) radioactive
materials, (3) oxidizers, (4) flammable solids, and
(5) corrosives. The sampler should be familiar
with the definitions of these classes to properly
ship the samples.

13. Sampling Plan

13.1 A sampling plan shall be prepared after all
the previous items have been properly considered.
The sampling plan is the road map that should be
followed during sample collection. it is a collection
of separate steps arranged in a specific order that,
when properly followed, results in a unique sample
being obtained.. It shall be flexible enough to allow
for changes in data-quality objectives, information
needs, and the variety of situations found at a par-
ticular site. The generalized plan presented in this
section describes the steps and the goal each step is
to accomplish. The steps are arranged in the order
in which they should be executed, but some steps
may be executed concurrently. However, some
steps are not applicable to all liquid types and can
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12.2 The DOT regulations governing shipment
of hazardous materials and substances are avail-
able in Hazardous Materials Regulations
(49 CPR 171—179). The sampler should be familiar
with and shall comply with these regulations. The
regulations describe proper marking, labeling,
packaging. documentation, and shipping proce-
dures. Samples of a substance listed inthe Hazard-

11.1.4 Chain of custody is an essential part of the ous Materials Table L49 L?i( 172.iui 5sampling scheme to ensure the integrity of the sam- .. . . -
plefrom collection to data reporting. The iuen, pageu, inAL, ja.u2x , .ocu-.

sion and handling of the samples should be mented, and
skuppe4acg

to the regulations

traceable from the time of collection through analy- listed for that material> eerj if the composi
sis and final disposition. This documentation tion of the sample isunlpWn, the shipper shalF

known as the chain of custody. A sample is consid- selectthe
appropna pttion category in

ered to be under a person's custody jut is i in a accordance with 49 402(h). A material for
which reasonable doubtexists as to its class andperson s physical possession, (2) in view of the per-

son after taking possession, and (3) secured iytliat labeling requirements, and for which a sample

person so that no one can tamper with it or secure must be'transported for laboratory analysis, may
by that person in an area that is restriCted raütiio- be laeied-'according to the shipper's tentative class

rized personneL The chain-of-custody-form assignment based upon. (1) defining criteria (i.e.,

accompany the samples4nd each person rellh-
definitions of the hazard classes), (2) hazard prece-

quishing or receivingthe samples shallsign an\
4encrescribed in 49 CFR 173.2, and (3) shipper's

date the form-and retam a copy for their records OW ge o e ma

111.5 Custody' seals are used to detect unautho-
rized tampering oisampIas They shall be affixed
to the shipping container in such a way that, if the
shipping container is properly secured and arrives
at the laboratory -with the custody seals intact, the
integrity of the sample can be demonstrated.
Custody seals can also be placed directly over the
lid of the sample container to further ensure that
there has been no tampering with the sample.
Custodyseals may alsobe placed on the door of the
sample storage area to document that no unautho-
rized entry was made while the sample was stored.
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be eliminated. For example, the hydrologic-
measurement and the well-purging steps are not 
applicable to surface or containerized liquids. 

13.1.1 Identify Sampling Site—Consult the plan-
ning documents, maps, and other instructions to 
identify the sampling site. Review the documents 
for the specific site and determine the sampling 
requirements (Le., samples to be collected, analyte 
requirements, required field measurements, and 
any personal protective equipment that might be 
necessary). 

13.1.2 Determine Equipment Requirements—After 
reviewing the documents described in Section 
13.1.1, select the appropriate equipment. The 
appropriate sections of this manual or other refer-
enced documents should also be reviewed. Select 
equipment that has the least potential of affecting 
the sample and yet can provide the necessary vol-
ume required for the purging and sampling steps. 

13.13 Establish Documentation Requirements—At 
a minimum, each sample requires a sample label 
and an entry in the field logbook See the documen-
tation section of this manual and review theplart4 
rung documents for site-specific requirements. 

13.1.4 Inspect the,Sire------Inspect the sampling‘site 
to identify anyhealth and safety problems, verify -- 
the sample-collection point, and identify any condi-
tions that couldaffect the quality of the.sample. 
If the site is a monitoring well, examine the 
condition of the surface seal and well protector to 
determine if there is any evidence of frost-heaving, 
cracks, or vandalism: Record this inspection in the 
field logbook. 

13.15 Take Appropriate Protective Measures and 
Conduct Area Monitoring—Monitor the area with an 
organic vapor meter (OVM) and an explosivity 
meter to determine if special personal protective 
equipment will be necessary. Consult the planning 
documents for details of monitoring and personal 
protective equipment requirements. Record these 
monitoring results in the field logbook. 

13.1.6 Prepare the Area for Sampling—Clear the 
area around the sampling point of weeds and other 
materials prior to beginning sampling activities. 
Sampling equipment shall not be placed on the 
ground. Place sampling equipment on a card table 
or drop cloth on the ground. 
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13.1.7 Take Water-Level Measurements and Deter-
mine Purging Requirements—This step is only 
applicable when sampling monitoring wells. 
Unlock the well protector, remove the cap 
from the well, and take OVM and water-level 
measurements. 

13.1.8 Calibrate Monitoring Equipment—Calibrate 
or check the equipment to be used for making field 
measurements. Record this information in the 
field logbook or document the information on the 
sample collection form. 

13.1.9 Assemble Equipment—Assemble the.-equip-
ment to be used according to theciperating manual 
for each piece of 	t( 	,„-, equipm 	,- , li 

111.10 Purge Si 	t„lidater and Monitor pH, 
Temperature,„COrductivt* andOther Parameters—
Stagnant water in'tite,welf shall be removed-prior 
to sampling. Monitonngpfpli, conductivity, and • 

-` temperature is used todetermine if stagnant water 
has been removed. These parameters should stabi-
lize to 10 percent Fier to sampling 

',-13.1,II'Labet Sample Bottles and Collect and Pre-
serve Samples—Label the sample bottles and collect 
and preserve the samples. Consult the planning  
documents or the appropriate sections of this man-
ual for requirements. 

13.1.12 Record Field Measurements and Perform 
any Field Analysis—Record the field monitoring pa-
rameters and conduct the field analyses at this 
time. Consult the planning documents for require-
ments at the site. 

13.1.13 am Equipment—Clean and decontami-
nate the equipment according to the decontamina-
tion procedure in this manuaL Planning documents 
for each site will describe site-specific decontamina-
tion procedures. 

13.1.14 Review Documents and Prepare for the 
Next Sample—Review the field logbook and other 
records such as sample labels and field documenta-
tion forms for completeness and accuracy. Clean 
up the site and put away any equipment that was 
used for sampling. Prepare for collection of the 
next sample. 

13.1.15 Storage and Transport of Samples—Place 
samples in secure storage and prepare the sample 
for transport. The samples that require storing at 
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beeliminated. For example, the hydrologic-
measurement and the well-purging steps are not
applicable to surface or containerized liquids.

13.L1 Identify Sampling Site—Consult the plan-
rung documents, maps, and other instructions to
identify the sampling site. Review the documents
for the specific site and determine the sampling
requirements (Le., samples to be collected, analyte
requirements, required field measurements, and
any personal protective equipment that might be
necessary).

13.1.2 Determine Equipment Rquirements—After
reviewing the documents described in Section
13.1.1, select the appropriate equipment The
appropriate sections of this manual or other refer-
enced documents should also be reviewed. Select
equipment that has the least potential of affecting
the sample and yet can provide the necessary vol-
ume required for the purging and sampling steps.

13.L5 Take Appropriate Pivtectit Measures and
Conduct Area Monitoring—Monitor the area with an
organic vapor meter (OVM) and an explosivity
meter to determine if special personal protective
equipment will be necessary. Consult the planning
documents for details of monitoring and personal
protective equipment requirements. Record these
monitoring results in the field logbook.

13.1.6 Prepare the Area for Sampling—Clear the
area around the sampling point of weeds and other
materials prior to beginning sampling activities.
Sampling equipment shall not be placed on the
ground. Place sampling equipment on a card table
or drop cloth on the ground.
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13.1.7 Take Water-Leriel Measurements and Deter-
mine Purging Requirements—This step is only
applicable when sampling monitoring welis.
Unlock the well protector, remove the cap
from the well, and take OVM and water-level
measurements.

13.1.8 Calibrate Monitoring Equipment—Calibrate
or check the equipment to be used for making field
measurements. Record this information in the
field logbook or document the information on the
sample collection form.

13.1.12 Record Field Measurements and Perform
any Field Analysis—Record the field monitoring pa-
rameters and conduct the field analyses at this
time. Consult the planning documents for require-
ments at the site.

13.1.13 aEquipment—Clean and decontami-
nate the equipment according to the decontamina-
tion procedure in this manual. Planning docuinents
for each site will describe site-specific decontamina-
tion procedures.

13.1.14 Review Documents and Prepare for the
Next Sample—Review the field logbook and other
records such as sample labels and field documenta-
tion forms for completeness and accuracy. Clean
up the site and put away any equipment that was
used for sampling. Prepare for collection of the
next sample.

13.1.15 Storaje and Transport of Samples—Place
samples in secure storage and prepare the sample
for transport The samples that require storing at

13.1.9 Assemble Equipment—Assemble theequip-
merit to be used according to theoperating manual
for each piece of equipment. -'

13.1.10 Purge StagnanLWater and Mon:tor.pH,
Temperature, Conduct rvrf y, and Other Parameters—
Stagnant water in thewell shall be removed prior
to sampling MomtormgoiI, conductivity, and
temperature is used tø determine if stagnant water

13.13 Establish Documentation Requirements—At has been removed. These parameters should stabi-
a minimum, each sample requires a sample label lize to 10 percent prior to sampling

-I3 I 1 lAbel Sample Bottles and Collect and Pre-

ning documents for site-specific recurements. serve Samples—Label the sample bottles and collect
and preserve the samples. Consult the planning

13.1.4 Inspect theSife—frispect the samplingsite documents or the appropriate sections of this man-
to identify any health and safety problems, verify ual for requirements
the sample-collection point, and identify any condi-
tions that could affect the quality of the sample.
If the site is a monitoring well, examine the
condition of the surface seal and well protector to
determine it there is any evidence of frost-heaving,
aacks, or vandalism. Record this inspection in the
field logbook.
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4 °C shall be placed in an ice chest with ice and 
kept cool until shipment to the laboratory. 

14. Health, Safety and Environmental 
Compliance Considerations 

14.1 The sampling of liquids comprises numer-
ous activities that involve the consideration of 
health, safety, and environmental compliance 
issues. Site-specific planning documents and 
procedures shall address these issues. Where 
appropriate, include these issues in procedures. 
However, many of these issues are site specific and 
should be thoroughly covered in planning docu-
ments. Health, Safety, and Environmental Compli-
ance Specialists shall review all procedures, 
planning documents, and activities to verify that 
all items have been adequately addressed. Items  

that are to be considered include, but are not lim-
ited to, the following. 

14.1.1 Assignment of responsibilities. 

14.12 Medical program requirements. 

14.1.3 Training program requirements. 

14.1.4 Personnel protective equipment 
requirements. 

14.1.5 Personnel decontamination requirements. 

14.1.6 Emergency procedures. 

14.1.7 Disposal of contaminated:>v, 

14.1.8 Compliance with environmental 
regulations. 

14.1.9 Complianc with.hazardous material* 
transportation.-  
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4°C shall be placed in an ice chest with ice and
kept cool until shipment to the laboratozy.

14. Health, Safety axd Environmental
Compliance Considerations

14.1 The sampling of liquids comprises numer-
ous activities that involve the consideration of
health, safety, and environmental compliance
issues. Site-specific planning documents and
procedures shall address these issues. Where
appropriate, include these issues in procedures.
However, many of these issues are site specific and
should be thoroughly covered in planning docu-
ments. Health, Safety, and Environmental Compli-
ance Specialists shall review all procedures,
planning documents, and activities to verify that
all items have been adequately addressed. Items

UnC GqecI'

thatare to be considered include, but are not lim-
ited to, the following.

14.1.1 Assignment of responsibilities.

14.12 Medical program requirements.

14.1.3 Training program requirements.

14.1.4 Personnel protective equipment
requirements.

14.1.5 Personnel decontamination requirements.

14.1.6 Emergency procedures.
14.1.7 Disposal of contaminated w

14.1.8 Compliance with
regulations.

14.1.9 Comi
ansi
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE 

PROCEDURE Measurement of Water Levels in Groundwater Monitoring Wells 

PROJECT or SITE 	Air Force Plant 4 

References to Electric Sounder 

The only well sounder acceptable for use at Air Force Plant 4 will,„be an 
interface probe able to distinguish between immiscible layers of-'iiifforeent 
conductivity. Ordinary electric sounders without this capAbflity will not be 
used for fluid level measurements. 

131.2 

SITE SPECIFIC PROCEDURE CHANGE or NOTICE

57 72

PROCEDURE Measurement of Water Levels in Groundwater Monitoring Wells

PROJECT or SITE Air Force Plant 4

References to Electric Sounder

The only well sounder acceptable for use at Air Force Plant 4 wil1beah
interface probe able to distinguish between immiscible layers qi'-'aiff,u-rnt
conductivity. Ordinary electric sounders without this capa.b-flity will not be
used for fluid level measurements

\
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57 7 3 
Standard Test Method for the Measurement of 
Water Levels in Groundwater Monitoring Wells 

Introduction 
Water-level measurements shall be taken prior to any sampling or well purging. These 

measurements are needed to determine the casing volume of water in the well; the data are 
used when interpreting the monitoring results. High water levels could indicate recent 
recharge to the system, resulting in the dilution of the sample. Low water levels may reflect 
the influence of nearby production wells. Documentation of the nonpumping water levels 
shall also provide historical information on the hydraulic conditions at the site. 

1. Scope 

1.1 The water-level measurements shall be 
made from the top of the well casing and, for con-
sistency, shall always be made from the same spot 
on the well casing. If the planning documents do 
not specify, and other reference points do not exist, 
then the measurement shall be made on the north 
side of the well casing. 

12 Two methods are provided in this test. 
method for water-level measurements One uses 
an electric sounder with a conductivity celL.When 
the cell contacts water it completesan electrjcaljdr 
cult and sounds a buzzer or lightsa lamp. The 
other method uses an interface probe. Thisirattu-
ment has t optical-liquid sensor and a conductiv-
ity cell and caztAistinguish between the presence 
of a non-conductive layer and a conductive layer. 
For example, oiLs,-fuels, and many organics are 
non-conductive and are itcuniscible in water. With 
this instrument thesaMpler can measure the thick-
ness of a light,phase immiscible, which would float 
on the water surface; or a dense-phase immiscible, 
which would sink to the bottom of the well. 

Section 
Method A — Water-Level Measurements 
Using an Electric Sounder 	 5-7 

Method B — Water-Level Measurements 
Using an Interface Probe 	 8-10 

2. Hazard Analysis 

2.1 This test method uses methanol for decon-
taminating the apparatus. Methanol is a Depart-
ment of Transportation (DOT-regulated material; 
its hazard class is Flammable Liquid; and it is an 
Occupational and Safety Administration (OSHA)-  

listed toxic and hazardous substanCe. Avoid eye 
and skin contact by wearing-eye protection and dis-
posable gloves. Avoi eatliingVapors. Use only 
in a well-ventilated 	eep away from heat, 
sparks, and fl"'nes 

2.2 Site-specific eontro1s4e av-ailable in the 
planning documents, #ot a particular project. 

3.. Referenced Documents 

American Society for Testing and Materials, 
Standard Guide for Sampling Groundwater Monitoring 
Wells, D4448-85a, 1986. 

32 U.S. Department of Energy, The Environmen-
tal Survey Manual, Appendix E, Volume 4, DOE/ 
EH-0053,1987. 

33 U.S. Environmental Protection Agency, 
Handbook Groundwater, EPA/625/6-87/016, 1987. 

3.4 U.S. Environmental Protection Agency, 
Practical Guide for Groundwater Sampling, 
EPA/600/2-85/104,1985. 

4. Significance and Use 

4.1 Accurate measurements of water depth are 
necessary to calculate well-bore volumes; measure-
ments to the nearest 0.01 foot are routine. 

Method A 
Water-Leuel Measurements Using an 

Electric Sounder 

5. Apparatus 

5.1 Electric sounder. (There are many adequate 
electric sounders available. This procedure covers 
most models.) 
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57 73
Standard Test Method for the Measurement of
Water Levels in Groundwater Monitoring Wells

Introduction
Water-level measurements shall be taken prior to any sampling or well purging. These

measurements are needed to determine the casing volume of water in the well; the data are
used when interpreting the monitoring results. High water levels could indicate recent
recharge to the system, resulting in the dflution of the sample. Low water levels may reflect
the influence of nearby production wells. Documentation of the nonpumping water levels
shall also provide historical information on the hydraulic conditions at the site.

1. Scope listed toxic and hazardous substance. AvoicIeye
and skin contact by wearing-eye protection and dis-
posable gloves Avo4..bfathi apors Use only
in a well-ventilatec(ar.}Cèep away from heat,
sparks, and flämes—

2.2 Sitpedficcoo1s4e available iiiie
planning docimenerpacular project.

12 Two methods are provided in this testS. Documents
method for water-level measurements. One uses - 1 American Socety for Testing and Materials,
an electric sounder with a conductivity celL When Statulard Guide for Sampling Groundwater Monxtorng
the cell contacts water it completes-an electncaLr- Wells, D4448-85a, 1986
cuit and sounds a bu.zzeror lights a lamp The —

othermethod uses n interface 3.2 U.S. Department of Energy, The Environmen-

merit has anoptical-liquid sensor and a conducth tal Suroey Manual, Appendix E, Volume 4, DOE!

ity ceil'and can distinguish between the presence EM-0053, 1987.

of a nonconductive layer and a conductive layer.
For example, oils,-fuels, and many orgamcs are
non-conductive and areinuniscible in water. With
this instrument thesampler can measure the thick-
ness of a light.phase immiscible, which would float
on the water surface; or a dense-phase immiscible,
which would sink to the bottom of the well.

-: 4. Significance and Use

4.1 Accurate measurements of water depth are

57 necessary to calculate well-bore volumes; measure-
ments to the nearest 0.01 foot are routine.

Method B —Water-LevelMeasurements
Using an Interface Probe 8—10

2. Hazard Analysis

2.1 This test method uses methanol for decon-
taminating the apparatus. Methanol is a Depart-
inent of Transportation (DOD-regulated material;
its hazard class is FIamnable Liquid; and it is an
Occupational and Safety Administration (OSHA)-

1.1 The water-level measurements shall be
made from the top of the well casing and, for con-
sistency, shall always be made from the same spot
on the well casing. If the planning documents do
not specify, and other reference points do not exist,
then the measurement shall be made on the north
side of the well casing.

3.3 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA,'625/6-87/'016, 1987.

3.4 U.S. Environmental Protection Agency,
Practical Guide for Groundwater Sampling,
EPA/600/2—85/104, 1985.

Method A —Water-LevelMeasurements
Using an Electric Sounder

Section

Method A
Water-L.wel Measurements Using an

Electric Sounder

5. Apparatus
5.1 Electric sounder. (There are many adequate

electric sounders available. This procedure covers
most models.)

Bi .2-1
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5.2 Kimwipe® or equivalent lint-free tissue. 

5.3 Distilled or deionized water in a squeeze 
wash bottle. 

5.5 Measuring tape with an engineering scale. 

6. Procedure 

6.1 The following procedure is supplemental to 
the instruction in the instrument-specific operating 
manuaL 

6.1.1 Check sounder to ensure that batteries are 
operating. 

6.12 Clean probe with distilled or deionized 
water and wipe dry with a lint-free disposable 
tissue. 

6.1.3 Slowly lower the probe into the well until 
the indicator sounds. 

6.1.4 Raise the probe slightly until the indicator 
stops sounding. 

6.1.5 Carefully lower the probe until the incff-ca-
tor sounds again and read the depth to.water to 
the nearest 0.01 foot. 

6.1.6 Repeat steps 6.4and 65 until a repeable 
measurement is acitieved. 

6.1.7 Record the ,depth to water to the nearest 
0.01 foot. 

6.1.8 Slowly withdraw the probe from the well 
while wiping the tapewith aclean lint-free tissue 
moistened with distilled-or deionized water. 

6.1.9 Clean the probe with distilled or deion-
ized water and wipe dry with a lint-free tissue. 

7. Procedure Bias 

7.1 With this method, water-level measure-
ments shall be repeatable to ±0.01 foot The accu-
racy of the instrument shall routinely be checked 
against a steel tape to ensure that the cable has not 
stretched or twisted. 

Method B 
Water-Level Measurements Using an 

Interface Probe 

8. Apparatus 

8.1 Soiltest Model 447-000 interface probe or 
equivalent 

8.2 Kimwipes® or equivalent lint-free tissue. 

8.3 Deionized or distilled water in a squeeze 
wash bottle. 

8.5 MethanoL (Department of Transportation-
regulated material; its hazard class is Flammable 
Liquid.) 

9. Procedure 

9.1 The following procedure is supplemental 
to the instruction found in the instrument-specific 
operating manual. 

9.1.1 Clean the probe with methanol, followed 
by a distilled or deionized yater rinse; and wipe 
dry with a lint-free tissue2 

9.1.2 Checkthebattery,eland replace if law. 

9.1.3 Slowly lowerthe prohento the welruntil 
the-probe comes in contactIVith liquid. A steady 
audible alarm indicates an immiscible non-
conductive liquid, whilean oscillating alarm 
indicatewa conductive-liquid (water). 

9.1.4--When the alarm sounds, raise the probe 
slightly until the alarm stops. Lower carefully until 
thealarm sounds again and note the depth. Repeat 

Yas necessary until a repeatable measurement of 
± 0.01 foot is achieved. Record this measurement. 

9.1.5 If a light-phase immiscible layer is present 
as indicated by a continuous audible alarm, the 
thickness can be measured by recording the point 
at which the continuous alarm begins and the 
point at which the oscillating alarm begins. The dif-
ference between the two measurements is the thick-
ness of the light-phase immiscible layer. 

9.1.6 If a dense-phase immiscible layer is sus-
pected, it can be measured by slowly lowering the 
probe to the bottom of the well. If a dense-phase 
immiscible layer is present, it can be measured by 
recording the point at which the continuous alarm 
begins and the point that the probe reaches the bot-
tom of the well. 

9.1.7 Carefully withdraw the probe from the 
well while wiping the tape with a Kimwipe® 
moistened with distilled or deionized water. If the 
well contained any light-phase immiscible layers, 
the tape shall be rinsed with methanol followed by 
a distilled or deionized water rinse and wiped dry 
with a lint-free tissue as it is being removed from 
the well. 
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5.2 Kimwipe® or equivalent lint-free tissue.

5.3 Distilled or deionized water in a squeeze
wash bottle.

5.5 Measuring tape with an engineering scale.

6. Procedure

6.1 The following procedure is supplemental to
the instruction in the instrument-specific operating
manuaL

6.1.1 Check sounder to ensure that batteries are
operating.

6.1.2 Clean probe with distilled or deionized
water and wipe dry with a lint-free disposable
tissue.

6.13 Slowly lower the probe into the well until
the indicator sounds.

6.1.4 Raise the probe slightly until the indicator
stops sounding.

617 Record thedepthtowatertothenearest
0 01 foot.

6.1.8 Slowly withdraw. the probe from the well
while wiping the tapewith adean lint-free tissue
moistened with. distilledror deionized water.

6.1.9 Clean the probe with distilled or debit-
ized water and wipe dry with a lint-free tissue.

7. Procedure Bias

7.1 With this method, water-level measure-
ments shall be repeatable to foot. The accu-
racy of the instrument shall routinely be checked
against a steel tape to ensure that the cable has not
stretched or twisted.

Method B
Water-Level Measurements Using an

Interface Probe

8. Apparatus
8.1 Soiltest MOdel 447-000 interface probe or

equivalent

UNC Gch74
82 Kimwipes® or equivalent lint-free tissue.

83 Deionized or distilled water in a squeeze
wash bottle.

8.5 MethanoL (Department of Transportation-
regulated material; its hazard class is Flammable
Liquici)

9. Procedure

9.15 If a light-phase immiscible layer is present
as indicated by a continuous audible alarm, the
thickness can be measured by recording the point
at which the continuous alarm begins and the
point at which the oscillating alarm begins. The dif-
ference between the two measurements is the thick-
ness of the light-phase immiscible layer.

9.1.6 If a dense-phase immiscible layer is sus-
pected, it can be measured by slowly lowering the
probe to the bottom of the well. If a dense-phase
immiscible layer is present, it can be measured by
recording the point at which the continuous alarm
begins and the point that the probe reaches the bot-
tom of the well.

9.1.7 Carefully withdraw the probe from the
well while wiping the tape with a Kimwipe®
moistened with distilled or deionized water. If the
well contained any light-phase immiscible layers,
the tape shall be rinsed with methanol followed by
a distilled or deionized water rinse and wiped dry
with a lint-free tissue as it is being removed from
the welL

9.1 The following procedure is supplemental
to the instruction found in the instrument-spc
operating manuaL

9.1.1 Clean the probe with methanol, foltbwed
by a distilled or deionized water nnse and wipe
dry with a lint-free tisfiue,)

91.2 Chedcthbatteri)yeand replace if law

9.1.3 Slowly lowerthéprbethto the weItuntil
theprobe comes in contact'ith liquid. A steady
audible alarm indicates an immiscible non-
conductive hquid, whilean oscllabng alarm

61.5 Carefully lower the probe until the ixrdica- mdicata conductiveliquid (water)
tor sounds again and read the depth to water to 914,-When the alarm sounds, raise the probethe nearest 001 foot

slightly until the alarm stops Lower carefully until
61 6 Repeat steps 64 and 6.5 until a repeatable thealarm sounds again and note the depth Repeat

measurement is achieved — i-asnecessary until a repeatable measurement of
0.01 foot is achieved. Record this measurement.
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9.1.8 Clean the probe with methanol, followed 
by a distilled or deionized water rinse, and dry 
with a lint-free tissue. 

10. Procedure Bias 

10.1 When using the interface probe for liquid 
level measurements, readings oft 0.01 foot can be 
achieved. The accuracy shall be routinely checked 
using a steel tape to determine if the tape has 
stretched or coiled. 

U. Quality Assurance 
	57 7s 

11.1 The following information shall be logged 
when taking water-level measurements: 

11.1.1 Date. 

11.12 Well identification. 

11.1.3 Depth to water. 

11.1.4 Depths of light-phase and/or dense-
phase immiscible liquids. 

1115 Name of person performing th 
measurement 

81.2-3 
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9.1.8 Clean the probe with methanol, followed
by a distilled or deionized water rinse, and dry
with a lint-free tissue.

10. Procedure Bias

10.1 When using the interface probe for liquid
level measurements, readings of± 0.01 foot can be
achieved. The accuracy shall be routinely checked
using a steel tape to determine if the tape has
sfretched or coiled.

LQ-2(T)
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11.1 The following information shall be logged
when taking water-level measurements:

11.1.1 Date.

11.12 Well identification.

11.1.3 Depth to water.

11.1.4 Depths of light-phase and/or dense-
phase immiscible liquids.

U. Quality Assurance 57

11.1.5 Name of person performing
measurement.

Bi .2—3
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57 77 
SITE SPECIFIC PROCEDURE CHANGE or NOTICE 

PROCEDURE 
	

Standard Practice for Purging Monitor Wells 

PROJECT or SITE 
	

Air Force Plant 4 

VARIANCE 

The introduction section of the Standard Practice for Purging Monitor Wells 
states that "a general rule of thumb is to monitor purge water usjpg- a6\  in-
line flow cell for pH, conductivity, and temperature. When these pa,gatreters 
stabilize to +/- 10 percent for two successive well volum 	the sampler can 
be reasonably assured that the stagnant water has been moved'from\the well 
casing." 

As per guidance from EPA Region VI, well purging of tie is are revi6ed„,to 
specify that water quality parameter measurements 'aTb to taken after three 
to five well volumes have been removed at a rate ofipne measurement for every 
1/2 well volume until the measurementw„stabilize or'until a maximum of five 
bore volumes have been removed. StabWsation- -criter:ia will be: 

,,,,,--- 	„-, 
O''' 	---N, 	q.25 	„,,,,--'' 

Conductivity 1+/-  80 lathos/cm 
Temperature 	0.5 degrees C 

,-----'---- - 	, ' 
- -'-7\. If,the we 1---is pumped dry, it 	I be sampled 24 hours later, after recovery. ,-- 

B1.3 
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Practice for Purging Monitor Wells

PROJECT or SITE Air Force Plant 4

VARIANCE

The introduction section of the Standard Practice for Purging Monitor Wells
states that "a general rule of thumb is to monitor purge water usii\ in-
line flow cell for pH, conductivity, and temperature. When ths(patai1(eters
stabilize to +7- 10 percent for two successive well volumes-('the saiiipler can
be reasonably assured that the stagnant water has been .rnov*"from\the well
casing

As per guidance from EPA Region VI well purgang etiter'a are revisedto
specify that water quality parameter measurements are t9.bé taken after three
to five well volumes have been removed at a rate of oné measurement for every
1/2 well volume until the measurements stabilize or until a maximum of five
bore volumes have been removed S'tabjli3atlon criteria will be

O jimhos/cm
.5 degrees C

be sampled 24 hours later, after recovery.

Bi .3
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Standard Practice for Purging of Monitoring Wells 
Introduction 

To obtain a representative groundwater sample, the stagnant water in the well casing 
shall be removed. The recommended amount of purging depends on many factors such as 
the hydrogeological nature of the aquifer, the characteristics of the well, the type of 
sampling equipment to be used, and the parameters to be sampled. There is no one 
standard that will fit all situations. The general rule-of-thumb is to monitor the purge water 
using an in-line flow cell for pH, conductivity, and temperature. When these parameters 
stabilize to t 10 percent for two successive well volumes, the sampler can be reasonably 
assured that the stagnant water has been removed from the well casing. 

shall ncEbe operated 
stall bezon.figured so 

fr ogs above20 
Carefullycheek for 
ting. 

ent of Transporta- 

1. Scope 

1.1 The four methods provided here are repre-
sentative of those generally used to purge monitor-
ing wells. Each method has advantages anti 
disadvantages that must be considered. A review 
of the Well Purging Strategies in Section 7 of Gen-
eral Considerations for the Sampling of Liquids 
[LQ-1(G)] provides guidance for selecting the 
proper method. 

feckion 
Method A—Well Purging Usinga-' 
Peristaltic-Type Pump 

Method B—Well Furgui.--g-Using a 
Bladder-TypePrUnp 

Method-CW 	g Using, 
a Bailer 

Method D ' -Well Purging Using a 
SubmersiblePump 

2. Hazard Analysis 

2.1 These procedures use gasoline-powered 
electric generators, gasoline-powered air compres-
sors, and battery-powered pumps and accessories. 
The following safety precautions shall be followed. 

2.1.1 Air compressors that are belt driven shall 
have a belt guard in place. 

2.12 Care shall be taken when connecting and 
disconnecting equipment powered by lead-acid 
batteries so as not to generate sparks that have the 
potential of creating an explosive hazard. 

2.13 Gasoline shall be stored in Factory Mutual 
(FM)-approved safety cans. Safety cans shall be 
well secured in the vehicle during transport 
Gasoline-powered equipment shall be cool. 
before filling and care shall be taken not to,spill 
any gasoline. 

2.1.4 Air compressors 
above rated capacities an 
as not to have any d 
pounds per 
loose corm 

13 Gasoline 
on (DOT)-regulat 	terial; its hazard rlacs 

is sflamixiable LiquittAvoid eye and skin contact 
*Wearing eye protection and disposable gloves. 
Ajoitibre thing,vapors. Use only in a well-
vent'laed area and keep away from heat, sparks, 
and flames. 

3. Referenced Documents 

3.1 American Society for Testing and Materials, 
Standard Guide for Sampling Groundwater Monitoring 
Wells, D4448-85a, 1986. 

32 U.S. Department of Energy, The Environmen-
tal Survey Manual, Appendix E, Volume 4, 
DOE/EH-00531987. 

3.3 U.S. Environmental Protection Agency, Prac-
tical Guide for Groundwater Sampling, EPA/600/2- 
85/104, 1985. 

3.4 U.S. Environmental Protection Agency, 
Handbook Groundwater, EPA/625/6-87/016, 1987. 

2.1.6 Gasoline-powered generators shall not be 
operated above their rated capacity. 

2.1.7 Care shall be taken when lifting genera- 
12-14 	tors and air compressors. Proper lifting techniques 

shall be taken when lifting heavy equipment. 

15-17 	2.1.8 Site-specific controls are available in the 
planning documents for a particular project. 
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Standard Practice for Purging of Monitoring WeJis,
Introduction

To obtain a representative groundwater sample, the stagnant water in the well casing
shall be removed. The recommended amount of purging depends on many factors such as
the hydrogeological nature of the aquifer, the characteristios of the well, the type of
sampling equipment to be used, and the parameters to be sampled. There is no one
standard that will fit all situations. The general rule-of-thumb is to monitor the purge water
using an in-line flow cell for pH, conductivity, arid temperature. When these parameters
stabilize to percent for two successive well volumes, the sampler can be reasonably
assured that the stagnant water has been removed from the well casing.

1. Scope 2.1.4 Air compressors shall, opera
above rated capaaties anfi.sball beQnfigured so
as not to have any 4aden4fittlgs aove2O
pounds per scénb..Ei). Carefullychek for
loose connfionse1oppe,ting. \)

.2.13 Gasoline of Transporta-
-4n (DQ'l -reulated-thateria1; i hazard class

is'Einunable L.iquid.Avoid eye and skin contact
br 'wearing eye protection and disposable glovesètion odbreathingvpors Use only in a well-

Method A—Well Purging Usinga-" ventUat area and keep away from heat, sparks,
Peristaltic-Type Pump . " I) artd flames?

2.1.6 Gasoline-powered generators shall not be-.-' operated above their rated capacity.
Method B—Well lrii'Using a
Bladder-TypePthnp

MethockC—eurging Using.
aBa,.ler

Method D—Well Purgiitg Using a
SubmersiblePunp —

2. Hazard Mialysis
2.1 These procedures use gasoline-powered

electric generators, gasoline-powered air compres-
sors, and battery-powered pumps and accessories.
The following safety precautions shail be followed.

3.2 US. Department of Energy, The Enviromnen-
tal Suraey Manual, Appendix E, Volume 4,
DCE/EH—O053 1987.

3.3 U.S. Environmental Protection Agency, Prac-
tical Guide for Groundwater Sampling, EPA/600/2-
85/104, 1985.

1.1 The four methods provided here are repre-
sentative of those generally used to purge monitor-
ing wells. Each method has advantages an4
disadvantages that must be considered. A review
of the Well Purging Strategies in Section 7 of Gen-
eral Considerations for the Sampling of Liquids
(LQ—1 (G)1 provides guidance for selecting the
proper method.

2.1.7 Care shall be taken when lifting genera-
12—14 tors and air compressors. Proper lifting techniques

shall be taken when lifting heavy equipment.

15—17 2.1.8 Site-specific controls are available in the
planning documenta for a particular project.

3. Referenced Documents

3.1 American Society for Testing and Materials,
Standard Guide for Sampling Ground water Monitoring
Wells, D4448—85a, 1986.

2.1.1 Air compressors that are belt driven shall
have a belt guard in place.

2.12 Careshallbetakenwhenconnectingand
disconnecting equipment powered by lead-acid
batteries so as not to generate sparks that have the
potential of cieating an explosive haz&trd.

2.13 Gasoline shall be stored in Factory Mutual
(FM)-approved safety cans. Safety cans shall be
well secured in the vehide during transport
Gasoline-powered equipment shall be cool
before filling and care shall be taken not to spill
any gasoline.

3.4 U.S. Environmental Protection Agency,
Handbook Ground water, EPA/625/6-87/016, 1987.
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4. Significance and Use 

4.1 Water may become stagnant in a well and 
will not reflect the local resident water's chemical 
and physical properties. The purging of a well can 
reduce this bias. Care shall be taken to allow 
screened intervals to come to equilibrium before 
sampling is performed 

5. Calculation of Volume of Standing 
Water in a Well 

5.1 Calculations are performed for the amount 
of water in the well with the following formula: 

r2  x x (hi - h2) x 7.48 = gallons per 
casing volume 

7.1.1 Place the suction line in the well so it is 
just below the liquid surface. 

7.12 Connect the suction line to the pump. 

7.1.3 Connect the pump outlet to the in-line 
flow cell, see Standard Practice for the Use of a 
Flow Cell for Field-Measurements [LQ-10(P)], or 
place the pump outlet hose into an open container 
to be used to mike the field measurements. 

7.1.4 Place cilibrated pH, conductivity, and 
temperature electrodes into the in-line flow c 
the open container. 

7.15 Initiate putnping and follovitite water 
level down the well bore if 	ecovery\rate of the 
well is below the pum 

where 
r = radius of well casing (feet) (the radius of the 

well is obtained from the well completion 
logs or can be measured with a tape 
measure), 

hl = depth of well (feet) from the top of the 
well casing (the depth of the well 
obtained from the well completion 
logs), and 

h2.= depth to water (feet) measured from - 	 " of the well casing (thedepth of water is 	\ I • nling can beon. 
- 

measured-usingthe Standard Test MetitOk----- 	7.1.8 Remove the suction line from the well, 
forthe Measurement of Water Levels in 	clean and decontaminate the suction line and 
GroundWiter Monitoring Well [LQ-2(T)D. 	pump tubing, as required. 

Note: Purge.water 
and properly disposed. 
planning documents for r 

7.1.6 Routinely monitor and record the vol-
umes purged and the readings for the pH, conduc-
tivit3:9dlemperature:-^" 

7.1.72/Ken these readings have stabilized to 
± 10-Percent for two successive well volumes, sam- 

to be contained 
e site-specifie 

ements. 

Method .  
Well Purging Using,a-Peristaltic-Type Pump 

6. Apparatus 

6.1 Peristaltic-type pump. 

6.2 Silicone, C-FLEXO, or neoprene tubing for 
the pump head. 

6.3 Silicone, Teflon®, polyethylene, or vinyl tub-
ing for placing in the well. 

6.4 Generator or other source of electricity. 

6.5 Gasoline for generator. (Gasoline is a DOT-
regulated material; its hazard class is Flammable 
Liquid.) 

7. Procedure 

7.1 The following procedure is supplemental to 
the instruction in the instrument-specific operating 
manuaL  

8. Procedure Bias 

8.1 The advantages of purging with a peristaltic 
pump are that (a/peristaltic pump is relatively 
portable, inexpenive, and convenient; (2) it 
requires a minimum of down-hole equipment; 
and (3) it can be cleaned easily or the entire tubing 
can be changed bsyvveen wells. 

8.2 The disadvantages of purging with a peri-
staltic pump are th4t (1) purging is limited to situa-
tions where the water levels are less than about 
25 feet and (2) degasing occurs whenever there is 
a head difference between the pump and the 
water level. 

Method B 
Well Purging Using a Bladder-Type Pump 

9. Apparatus 

9.1 Bladder-type pump. 

LQ—3(P)
5/90 Rev. 0 UIIC ot
4. Significance and Use

4.1 Water may become stagnant in a well and
will not reflect the local resident water's chemical
and physical properties. The purging of a well can
reduce this bias. Care shall be taken to allow
screened intervals to come to equilibrium before
sampling is performed

5. Calculation of Volume of Standing
Water in a Well

5.1 Calculations are performed for the amount
of water in the well with the following formula:

r2 x (hl-h2) x7.48 = gallons per
casing volume

where

6. Apparatus

6.1 Peristaltic-type pump.
6.2 Silicone, CFLEX®, or neoprene tubing for

the pump head.

6.3 Silicone, Teflon®, polyethylene, or vinyl tub-
ing for pladng in the well.

6.4 Generator or other source of electricity.

6.5 Gasoline for generator. (Gasoline is a DO1-
regulated material; its hazard class is Flammable
Liquid.)

7. Procedure

7.1 The following procedure is supplemental to
the instruction in the instrument-specific operating
manuaL

7.1.1 Place the suction line in the well so it is
just below the liquid surface.

7.12 Connect the suction line to the pump.

7.1.3 Connect the pump outlet to the in-line
flow cell, see Staxtdar& Practice for the Use of a
Flow Cell for F4elMeasurements [LQ—1O(P)], or
place the pump outlet hose into an open container
to be used to uike the field measurements.

8.1 The advantages of purging with a peristaltic
pump are that (1);peristaltic pump is relatively
portable, inexpenive, and convenient; (2) it
requires a xninimuxn of down-hole equipment;
and (3) it can be cleaned easily or the entire tubing
can be changed bçveen wells.

82 The disadvantages of purging with a pen-
staitic pump are th4t (1). purging is limited to situa-
tions where the water levels are less than about
25 feet and (2) degising occurs whenever there is
a head difference betWeen the pump and the
water level.

Method B
Well Purging tlsing a Bladder-Type Pump

9. Apparatus

9.1 Bladder-type pump.

7.1.4 Place librated pH, conductivity, and
temperature electrodes into the in-line flow ci.Qr
the open conthixr.

7.15 Initiate puping and fo*'the water
level down the well bore ife cove,yrateof the
well is below the

Note: Purge Water fha'e.to be containedr = radius of well casing (feet) (the radius of the . . . .. )
well is obtained from the well completion and properly disposed. nsiftie site-specAe

planning documents for rements.logs or can be measured with a tape
measure), 7.1 6 Routinely monitor and record the vol-

hi = depth of well (feet) from the top of the umes purged and the readings for the pH, conduc-
well casing (the depth of the well fivi ptemperatue'
obtained from the well
lo ) and 7.1.-W1ien these readings have stabilized to

h2 = depth to water (feet) theasured'from 1Qercent for two successive well volumes, sam-

of the well casing (thedepth of water \ln can begm.
measurediisingthe Standard Test Method- 718 Remove the suction line from the well,
for the Measurement of Water Levels in dean and decontaminate the suction line and
Groundwater Monitoring Well (LQ-2(T)1) pump tubing, as required.

Methodh 8. Procedure Bias
Well Purging LIsingPeristaltic-Type Pump
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9.2 Air compressor. 

9.3 Teflon®, polyethylene, or vinyl tubing for 
the air and sample line. 

9.4 Gasoline for the air compressor. (Gasoline 
is a DOT-regulated material; its hazard class is 
Flammable Liquid.) 

10. Procedure 

The following procedure is supplemental to the 
instruction found in the instrument-specific operat-
ing manual. 

10.1 Lower the pump gently to a position just 
above the screened intervaL 

10.2 Connect the air line to the pump controller. 

10.3 Connect the pump outlet to an in-line flow 
cell, see Standard Practice for the Use of a Flow 
Cell for Field Measurements [LQ-10(P)], or place 
the pump outlet hose in an open container used to 
make the field measurements. 

10.4 Place calibrated pH, conductivity, and 
temperature electrodes in the flowcell orthe 
open container. 

10.5 Initiate pumping and routinelrmorutor 
and record the•purged and the pH; condo '° 
tivity, andtemperatiire measurement& 

Note Purge water may.have to tie-contained 
and properly disposed. Consulethe site-specific 
planning documents forrequirements. 

10.6 When these readings have stabilized to 
± 10 percent for two successive well volumes, sam-
pling can begin. 

10.7 Remove the pump from the well, clean and 
decontaminate as required. 

11. Procedure Bias 

11.1 The advantages of using a bladder-type 
pump for purging are that (1) the system is not 
damaged by dry pumping, (2) there is no 
air/water contact, and (3) the entire assembly can 
be made of Teflon® or stainless steeL 

11.2 The disadvantages of using a bladder-type 
pump are that (1) pumping rates are relatively 
slow, (2) there is a high rate of air consumption 
during prolonged pumping, and (3) cleaning and 
decontamination are more difficult than with the 
apparatus used in methods A or C. 

Method C 
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Well Purging Using a Bailer 

12. Apparatus 

12.1 Teflon® or stainless steel bailer. 

12.2 Teflon® or stainless steel cable or line. 

12.3 Bailer reeL 

13. Procedure 

13.1 Attach the bailer to the cable or 

13.2 Lower the bailer slowlyAmtil it con cts the 
liquid.  

13.3 Allow the,beiler tcye rile until it is totally 
submerged.„ 

13.4 Slowly raiseitie ailerto the surface.--‘  

133 Tip the bailer-or-use a bottom-emptying 
device and,fill a container in which calibrated pH, 
conductivity, and...temperature probes have been 
*Ice& 

Note: Purge water may have to be contained 
and properly disposed. Consult the site-specific 
planning documents for requirements. 

13.6 Routinely monitor and record the pH, con-
ductivity, temperature, and volume purged. 

13.7 When the readings have stabilized to ± 10 
percent for two successive well volumes, sampling 
can begin. 

13.8 Clean and decontaminate the bailer, 
as required. 

14. Procedure Bias 

14.1 The advantages of using bailers for well 
purging are that (1) bailers can be constructed of a 
variety of materials, (2) external power sources are 
not needed, (3) bailers are inexpensive, (4) bailers 
are easily cleaned and decontaminated, and (5) 
bailers can be used in wells of virtually any depth. 

14.2 The disadvantages of using bailers are that 
(1) evacuating large amounts of stagnant water is 
labor intensive; (2) aeration, degasing, and turbu-
lence will occur; (3) it is difficult to determine the 
depth to which the bailer has been submerged; and 
(4) bailer check valves may not operate properly 
under conditions of high suspended solids. 

B1.3-3 
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92 Air compressor.

9.3 Teflon®, polyethylene, or vinyl tubing for
the air and sample line.

9.4 Gasoline for the air compressor. (Gasoline
is a DOT-regulated material; its hazard class is
Flantniable Uquid.)

10. Procedure

The following procedure is supplemental to the
instruction found in t -
ingmanual.

10.1 Lower the pump gently to a position just
above the sa'eened intervaL

10.2 Connect the air line to the pump controller.

10.3 Connect the pump outlet to an in-line flow
cell, see Standard Practice for the Use of a Flow
Cell for Field Measurements [LQ—10(P)], or place
the pump outlet hose in an open container used to
make the field measurements.

Note Purge water may have to becontained
and properly disposed. Consultthe site-specific
planning documents for requirements.

10.6 When these readings have stabilized to
percent for two successive well volumes, sam-

pling can begin.

10.7 Remove the pump from the well, clean and
decontaminate as required.

11. Procedure Bias

11.1 The advantages of using a bladder-type
pump for purging are that (1) the system is not
damaged by dry pumping. (2) there is no
air/water contact, and (3) the entire assembly can
be made of Teflon® or stainless steeL

11.2 The disadvantages of using a bladder-type
pump are that (1) pumping rates are relatively
slow, (2) there is a high rate of air consumption
during prolonged pumping, arid (3) cleaning and
decontamination are more difficult than with the
apparatus used in methods A or C.
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13.6 Routinely monitor and record the pH, con-
ductivity, temperature, and volume purged.

13.7 When the readings have stabilized to
percent for two successive well volumes, sampling
can begin.

13.8 Clean and decontaminate the bailer,
asrequired.

14. Procedure Bias

14.1 The advantages of using bailers for well
purging are that (1) bailers can be constructed of a
variety of materials, (2) external power sources are
not needed, (3) bailers are inexpensive, (4) bailers
are easily cleaned and decontaminated, and (5)
bailers can be used in wells of virtually any depth.

14.2 The disadvantages of using bailers are that
(1) evacuating large amounts of stagnant water is
labor intensive; (2) aeration, degasing, and turbu-
lence will occur; (3) it is difficult to determine the
depth to which the bailer has been submerged; and
(4) bailer check valves may not operate properly
under conditions of high suspended solids.
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WellPusing Using a Bailer

12.. Apparatus
12.1 Teflon® or stainless steel bailer.

12.2 Teflon® or stainless steel cable or line.

12.3 Bailer reel.

1.3. Procedure
rnsmnt-stedflC ooerat-

13.1 Attach the bailer to the cable orine. \

13.2 Lower the bailer slowlyuntil itcoxi the
liquid.

13.3 Allow the,beiler tc.ainkuithl it is totally
submerged ,

134 Slowly raise e'beito the surface.

135 Tip the bailex.aise a bottom-emptying
device and fill a container in which calibrated pH,
conductivity, arid, temperature probes have been

104 Place calibrated pH, conductivity, and
temperature electrodes in the flowcell or the Note Purge water may have to be contained
open container . _.. and properly disposed. Consult the site-specific

10.5 Iiutiate pumpin rid. routinelyliwnitor planning documents for requirements
and record the volume purged and the pH, condu'
tivity, and temperature measurements.
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Method D 
Well Purging Using a Submersible Pump 

15. Apparatus 

15.1 Submergible-type pump. 

15.2 Discharge tubing of vinyl, polyethylene, 
polyvinyl chloride, or Teflon®. 

15.3 Power source of generator or batteries. 

15.4 Gasoline for generator. (Gasoline is a 
DOT-regulated material; its hazard class is 
Flammable Liquid.) 

16. Procedure 

The following procedure is supplemental to 
the instructions provided in the instrument-
specific operating manuaL 

16.1 Set up the pump according to the operat-
ing manual. 

16.2 Gently lower the pump down the wellso,  
that the pump head is submerged sufflciendy and \ 
will not run dry. 

Caution: Submersible pumps cannot be alkw 	 
to run dry. 

163 Connect the putiiP outlet to an in-line flow 
cell, see StandarciPractice for the Use of a Flow 
Cell for Field Measurements ILQ-10(P)1, or place 
the pump outlet in an open container used for the 
field measurements: 

16.4 Place calibrated pH, conductivity, and 
temperature electrodes in the flow cell or the 
open container. 

16.5 Initiate pumping, and monitor and record 
the volumes purged and the pH, conductivity, and 
temperature measurements. 

Note: Purge water may have to be contained 
and properly disposed. Consult the site-specific 
planning documents for requirements. 

16.6 When pH, conductivity, and temperature 
have stabilized for two successive well volumes, 
sampling can begin. 

16.7 Remove the pump from the well; clean and 
decontaminate. 

17. Procedure Bias 

17.1 The advantages of using a submersible 
pump for well purging are that (1) relatively high 
pumping rates are possible, (2) some designs are 
relatively portable and easy to use, and (3) thea\ 
pumps can pump from greater depths. hail "52 
pumps used in methods A or 

17.2 The disadvantages-drusng-a sbmersible 
pump are that (1) hislrepumpirig rates and the 
mechanical actions cause tiarbulence, aeration, and 
degasing of the water (2)„.r.inips,are easily dam 
aged by dry pumpin5 and(,3)-these pumps can be 
difficult to clean and decontaminate. 

18. QUalityAssurce 
1EC(Airiiithe methods listed above require the 

following information to be logged for quality-
assurance documentation. 

18.1 Depth to water. 

18.2 Depth of well 

183 Well diameter or radius. 

18.4 Depth of water. 

18.5 Calculated water volume. 

18.6 Type of mechanism used to evacuate 
the well. 

18.7 Date. 

18.8 Well identification. 

18.9 Name of person performing the purging. 

18.10 Volume purged. 

18.11 Conductivity, pH, and temperature 
measurements. 

B1.3-4 

UnC GegJCh8j.

Method D 16.6 When pH, conductivity,and temperature
Well Purging Usinga Submersible pump have stabilized for two successive well volumes,

sampling can begin.
15. Apparatus 16.7 Remove the pump from the well clean and

15.1 Submer1ble-type decontaminate.

15.2 Discharge tubing of vinyl, polyethylene, 17. Procedure Bias
polyvinyl chloride, or Teflon

17.1 The advantages of using a submersible15.3 Power source of generator or batteries.
pump for well purging are that (1) relatively high

15.4 Gasoline for generator. (Gasoline is a pumping rates are possible, (2) some designs are
DOT-regulated material; ts hazard class is relatively portable and easy to use, and (3) thee\
FlammableLiquid.) pumps can pump from greater depths thit th-

pumps used in methods A or B.-'
16 Procedure 17.2 The disadvanta(usmgubmersible

The following procedure is supplemental tO pump are that (1) highpumpng rates and the
the msthictions provided in the insfruinent- mechaxucal actoiis cause turbilence, aeration, and

sped.fic operating degasing of the water; (2).ptimpare easily da.m
aged. by dry pumpin and (3)ihese pumps can be16.1 Set up the pump according to the operat- difficult to clean and decontaminate.

ing manual.

16.2 Gently lower the pump down the weJ1so 18 QualityAssurance
that the pump head is submerged sufflcently and 1S<i Mrf the methods listed above require the

following information to be logged for quality-
Caution. Submersible pumps cannot be Ucwed\ assurance documentation.

to run drr
181 Depth to water

16.3 Coruiett the pump outlet to an rn-line flow 18.2 IJe th f elLcell, see StandardPractice for the Use of a Flow p o W
Cell for Field Measurements ILQ-40(P)J;or place 183 Well diameter or radius.
the pump outlet in an open container used for the
field measurements;' 18.4 Depth of water.

16.4 Place calibrated pH, conductivity, and 18.5 Calculated water volume.

temperature electiodes in the flow cell or the 18.6 Type of mechanism used to evacuate
open container, the well.

16.5 Initiate pumping and monitor and record 18.7 Date.
the volumes purged and the pH, conductivity, and 188 Well d tifltemperature measurements. 1 en cation.

Note: Purge water may have to be contained 18.9 Name of person performing the purging.

and properly disposed. Consult the site-spedfic 18.10 Volume purged.
planning documents for requirements.

18.11 Conductivity, pH, and temperature
measurements.
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DETERMINATION OF TURBIDITY IN WATERS 

1.0 INTRODUCTION 

This method is applicable to drinking, surface, and saline waters 
in the range of turbidity from 0 to 40 nephelometric turbidity units 
(NTU). Higher values may be obtained with a dilution of the sample. 

The method is based upon a comparison of the intensity of light 
scattered by the sample under defined conditions with the intensity,e(-\ 
light scattered by a standard reference suspension. The higher,tte 
intensity of scattered light, the higher the turbidity. NTV'readingS 
are made in a nephelometer designed in accord with spec cati.o6s,  
outlined in Section 5.0 of this method. 

A commercially available polymer standard is approved by the ERA,,)  
for use as a calibration standard (1). ,.This standareis,dentified as 
AMCO-AEPA-1, which is available from-Amco Standard International, Inc. 

2.0 INTERFERENCES 

Preservation--Of the samplejisnot,-practical and analysis should 
begin as soup—aspostible,,,AtetrIgeration or icing to 4 'C, to 
minimize--ticrobialogical decompositkon of solids, is recommended (2,3) 
if the'sample.cannot be analyzed-immediately. 

The presence of floating debris and coarse sediments which settle 
out rapidly gill give- low readings. Finely divided air bubbles will 
give higilea51..ags. 

3.0 PRECISION AND REPORTING LIMIT 

The sensitivity of the instrument should permit detection of a 
turbidity difference of 0.02 unit or less in waters having turbidities 
less than 1 unit. 

4.0 REAGENTS 

For turbidity-free water, pass distilled water through a 0.2 pm 
Gelman nuclepore filter, if such filtered water shows a lower 
turbidity than the distilled water. 

5.0 METHODS 

5.1 Instrument Conditions 

o See the Hach Instruction Manual for the Model 16800, 
Portalab Turbidimeter, for operating instructions (4). 

21.3a-1 
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DETERMINATION OF TURBIDITY IN WATERS

1.0 INTRODUCTION

This method is applicable to drinking, surface, and saline waters
in the range of turbidity from 0 to 40 nephelometric turbidity units
(NTU). Higher values may be obtained with a dilution of the sample.

The method is based upon a comparison of the intensity of light
scattered by the sample under defined conditions with the intensity,,,M{\
light scattered by a standard reference suspension. The higher,,.t1e

intensity of scattered light, the higher the turbidity. NTUTeading
are made in a nephelometer designed in accord with spejcatLcnts
outlined in Section 5.0 of this method. >

...,— .—
A commercially available polymer standard is approed by the EPA ,'

for use as a calibration standard (1) This standard' is,,dentified as
AMCO—AEPA-l which is available frotu Amco Standard International Inc

2 0 INTERFERENCES

Preservation of the sample is not practical and analysis should
begin as soojias possible Retr1geration or icing to 4 'C to
minimizmicrobioiogicai decposiion of solids is recommended (2 3)
if the sampFe cannot be analyzed-Immediately.

The presence of floating debris and coarse sediments which settle
out rapidly will give low readings. Finely divided air bubbles will
give h

3.0 PRECISION AND REPORTING LIMIT

The sensitivity of the instrument should permit detection of a
turbidity difference of 0.02 unit or less in waters having turbidities
less than 1 unit.

4.0 REAGENTS

For turbidity—free water, pass distilled water through a 0.2 urn
Gelman nuclepore filter, if such filtered water shows a lower
turbidity than the distilled water.

5.0 METHODS

5.1 Instrument Conditions

o See the Hach Instruction Manual for the Model 16800,
Portalab Turbidimeter, for operating instructions (4).
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o To maximize the intensity of light passing through the 
solution, the sample tubes must be of clear, colorless glass. 
They should be thoroughly cleansed, both inside and out, and 
discarded when they become scratched or etched. They should 
be provided with a protective case or be of sufficient length 
to prevent any handling on that part of the tube through 
which light will pass. 

5.2 Standards 

The AMCO-AEPA-1 standard as supplied requires no preparation 
or dilution prior to use. 

5.3 Analytical Method 

1. Linear calibration should be performe 	six months 
of analysis. 

a. Empty and rinse chosen cuvette twlee wi_th" 
approximate 	5 ml,of the highest NTU,-Vlue in range to be 
calibrated. 

b. Dry extliTO with lin tree paper: 

with the higheststandard for the range 
tivette into the instrument well, making 

x'Marks. 

d. Adjust the 'standardize' controls so the instrument 
reads the known value. 

. Empty the cuvette, rinse, and fill the same cuvette 
with the next lower value for that range. Clean cuvette, 
place in instrument, index, and read. 

f. Repeat for all standards in that range. 

g. Set up tables for standard true values versus 
instrument readings. Plot each range on linear paper. 

2. Daily calibration should be performed whenever samples are 
run and include a blank. 

a. If sample and/or standard are refrigerated, allow to 
reach room temperature in the cuvette before taking a 
reading. 

b. Select a clean, scratch-free, indexed cuvette and 
rinse twice with 5 nil of the daily calibration standard. 

c. Fill and clean cuvette and insert it into the 
instrument well, making sure to align the index marks. 

d. From the linear calibration curve for the range under 

B1.3a-2 
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o To maximize the intensity of light passing through the
solution, the sample tubes must be of clear, colorless glass.
They should be thoroughly cleansed, both inside and out, and
discarded when they become scratched or etched. They should
be provided with a protective case or be of sufficient length
to prevent any handling on that part of the tube through
which light will pass.

5.2 Standards

5.3

e-.

f. Repeat for all standards in that range.

range to be

g. Set up tables for standard true values versus
instrument readings. Plot each range on linear paper.

2. Daily calibration should be performed whenever samples are
run and include a blank.

a. If sample and/or standard are refrigerated, allow to
reach room temperature in the cuvette before taking a
reading.

b. Select a clean, scratch—free, indexed cuvette and
rinse twice with 5 ml of the daily calibration standard.

c. Fill and clean cuvette and insert it into the
instrument well, making sure to align the index marks.

d. From the linear calibration curve for the range under
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The AMCO—AEPA—l standard as supplied requires no preparation
or dilution prior to use.

Analytical Method
_-\

1. Linear calibration should be montFs
of anal ys is

-a. Empty and rinse chosen cuvette tie wth'
approximately 5 ml af the highest NTU-1.ralue in
calibrated

b Dry ete'IToç with lInt-rree paper

c PilL cuvette with the highest standard for the range
and inse' t—çuvette into the instrument well making
sure to align in x-'inarks

d. Adjust the 'standardize' controls so the instrument
reads the known value.

Empty the cuvette, rinse, and fill the same cuvette
with the next lower value for that range. Clean cuvette,
place in instrument, index, and read.
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standardization and the known value of the standard, 
determine what the reading should be. Note: Adjust the 
instrument to the calibration curve value, not to the 
value indicated on the bottle of standard. 

e. For turbidities less than 40 units, shake the sample 
to thoroughly disperse the solids. Wait until air bubbles 
disappear, then pour the sample into the turbidimeter 
tube. 

Read the turbidity directly from the appropriate 
calibration curve. 

f. For turbidities exceeding 40 units, dilute,-the sample 
with one or more volumes of filtered (0 5-pm.,-pore size) 
sample until the turbidity falls b 	 Diluting 
with water may dissolve some of, C e tar4,idity (4):, 

6.0 CALCULATIONS 

Multiply sample readings by the appropriate dilution to obtain final 
readings. Report results as folliow 

The data and results are then recorded on the appropriate analytical 
worksheet (see Introduction, Section 4.0, of this manual). The 
actual conditions during measurement, if different from those called 
for in this method, should be noted on the back of the worksheet. 

7.0 NOTES 

The sample size for all turbidity measurements should be 18 ml. Use 
the line on the sample cell as a level indicator. Variations in 
sample volume can affect the accuracy of the determinations. 

NTU is considered comparable to the Formazin Turbidity Unit (FTU) 
and the Jackson Turbidity Unit (JTU). 

8.0 REFERENCES 

1. EPA 600/4-79-020, Method 180.1. 
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standardization and the known value of the standard,
determine what the reading should be. Note: Adjust the
instrument to the calibration curve value, not to the
value indicated on the bottle of standard.

e. For turbidities less than 40 units, shake the sample
to thoroughly disperse the solids. Wait until air bubbles
disappear, then pour the sample into the turbidimeter
tube.

6.0 CALCULATIONS

Read the turbidity directly from the appropriate
calibration curve.

f. For turbidities exceeding 40 units, dilutethe sample
with one or more volumes of filtered (9-45—im.pore size)
sample until the turbidity falls be.1i 40, trnits Diluting
with water may dissolve some of,,-tl'e rbidity (4).

.—, —

Multiply sample readings by the appropriate dilution to
readings Report resu1t as fol1ow-
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_/
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The data and results are then recorded on the appropriate analytical
worksheet (see Introduction, Section 4.0, of this manual). The
actual conditions during measurement, if different from those called
for in this method, should be noted on the back of the worksheet.

7.0 NOTES

The sample size for all turbidity measurements should be 18 ml. Use
the line on the sample cell as a level indicator. Variations in
sample volume can affect the accuracy of the determinations.

NTU is considered comparable to the Formazin Turbidity Unit (FTC)
and the Jackson Turbidity Unit (JTU).

8.0 REFERENCES

1. EPA 600/4—79—020, Method 180.1.
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2. Annual Book of ASTM Standards, Part 31, 'Water,' Standard 
D1889-71, p. 223 (1976). 

3. Standard Methods for the Examination of Water and Wastewater, 
14th Edition, p. 132, Method 214A (1975). 

4. Hach Instruction Manual, Portalab Turbidimeter, Model 16800. 
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2. Annual Book of ASTM Standards, Part 31, 'Water,' Standard
D1889—71, p. 223 (1976).

3. Standard Methods for the Examination of Water and Wastewater,
14th Edition, p. 132. Method 214A (1975).

4. Hach Instruction Manual, Portalab 'turbidimeter, Model 16800.

Bi .3a—14



57 86 57 86

of pH



INC Geotech LQ 
Re
-4(T) 

5/90 v. 0 
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Standard Test Method for the Field Measurement of pH 

Introduction 
Perhaps no water-quality parameter is measured as frequently as pH. The pH 

measurement is so easily made that the attention given to it is often inadequate. An accurate 
pH is critical for the prediction and interpretation of the reactions and migration of 
dissolved species. This procedure provides a useful pH measurement under most field 
situations. 

1. Scope 

1.1 This method contains the procedures for the 
measurement of pH in an aqueous solution. The 
pH is determined using a glass hydrogen-ion elec-
trode compared against a reference electrode of 
known potential by means of a pH meter. 

2. Referenced Documents 

2.1 American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 11, Volume 
11.01, D1293-78,1984. 

2.2 American Public Health Association, Ameri-
can Water Works Association, andWaterfailutiori 
Control Federation, Standard ethods for the 
nation of Water and Wasterbetter American Palic 
Health Associagorr,4 ashington, D.C; 1980. 

2.3 Kotte, N.,and D. Ealey, Procedures for Field 
Chemical AnalOes of Water Samples, Technical 
Measurements Center, U.S. Departnient of 
Energy, Grand Junction AreirOffice, GJ/TMC-
07(83), 1983. 

2.4 Wood, W4. ., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Techniques of 
Water-Resources Investigations of the United States 
Geological Surrey, Chapter D2, Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock 
Number 024-001-02879-4, 1976. 

3. Hazard Analysis 

3.1 No hazards requiring controls have been 
identified. Site-specific controls are available in the 
planning documents of a particular project 

4. Significance and Use 

4.1 The pH of a solution is defined as the nega-
tive logarithm to the base 10 of the hydrogen-ion 
activity in moles per liter: pH = -log (HI. Because  

pH is exponentially related to concentration, great 
care shall be taken in making the measur 	t. 

4.2 Natural waters usually hav 	m 
the range of 4 to 9. The p 	control over pH 	in 
natural waters is the 	tepsystira, including 
gaseous and disso 	dioxide; bicarbon- \ 
ate, and carbonate io 

S.-Interfere= 

Temperature, atmospheric contamination, 
and:Ionic strength are factors that affect pH mea-
surements. The pil,measurement is relatively free 
fr6Mhiterlerence from color, turbidity, colloidal 
matter, oxidants, or reductants. 

fr 5.1.1 Temperature—The temperature compensa-
tion on a pH meter only permits adjustment of the 
electrode slope. It does not compensate for changes 
in the potential of the reference electrode, the asym-
metry potential of the glass electrode, or the liquid-
junction potentiaL Nor does it compensate for 
changes in pH due to temperature. Thus, the tem-
perature of the buffer and the unknown shall be 
recorded at the time of measurement Ideally, their 
temperatures shall be within 10 °C. 

5.1.2 Atmospheric Contamination—Atmospheric 
contamination can be a significant problem for 
groundwater samples. Dissolved oxygen and car-
bon dioxide can be evolved or dissolved when the 
sample is exposed to air, and a considerable change 
in pH may result In situ measurements should be 
taken where possible but, for groundwater that 
must be pumped, the use of a flow cell gives the 
best results. See Standard Practice for the Use of a 
Flow Cell for Field Measurements [LQ-10(P)]. 

5.13 Ionic Strength—Because of errors due to 
ionic strength (which are not worth correcting in 
the field), pH measurements shall be accompanied 
by a measurement of the specific conductance. The 
pH is a measurement of the hydrogen-ion activity. 
An ideal solution is assumed in which other ions 
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Standard Test Method for the Field Measurement of pH

Introduction
Perhaps no water-quality parameter is measured as frequently as pH. The pH

measurement is so easily made that the attention given to it is often inadequate. An accurate
pH is critical for the prediction and interpretation of the reactions and migration of
dissolved species. This procedure provides a useful pH measurement under most field
situations.

1. Scope
1.1 This method contains the procedures for the

measurement of pH in an aqueous solution. The
pH is determined using a glass hydrogen-ion elec-
trode compared against a reference electrode of
known potential by means of a pH meter.

2. Referenced Documents

2.1 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01, D1293—78, 1984.

I v.5.1 Temperature, atmospnenc contamination,
and Ionic strength are factors that affect pH mea-
surements. The pHthèasurement is relatively free2.2 American Public Health AssoastlOn, ' fin iiteiference from color, turbidity, colloidal

can Water Works Association, and Water-Pollution ia.,OQ&wii, or r u
Control Federation, Standard .Methods for the xaØ
nation of Water and Wg$tette7? American-Public '\ ,) 5.1.1 Temperature—The temperature compeilsa-
Health M oczawnWashington, D C., 1980 tion on a pH meter only permits adjustutent of the

electrode slope It does not compensate for changes
2.3 Korte, N.,-and D. Ealey, Procedures for Fzeld in the potential of the reference electrode, the asym-

Chemical Analyses of Water Samples, Technical metry potential of the glass electrode, or the liquid-
Measurements Center, U.S Department of junction potentiaL Nor does it compensate for
Energy, Grand Jutio9aOffice, GJ/TMC- changes in pH due to temperature. Thus, the tern-
07(83), 1983. perature of the buffer and the unknown shall be

2.4 Wood, W*., "Guidelines for Collection recorded at the time of measurement Ideally, their
and Field Analysis of Ground-Water Samples for temperatures shall be within 10°C.
Selected Unstable Constituents," Techniques of
Water-Resources Investigations of the United States
Geological Suruey, Chapter D2, Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879-4,1976.

5.1.2 Atmospheric Contamination—Atmospheric
contamination can be a significant problem for
groundwater samples. Dissolved oxygen and car-
bon dioxide can be evolved or dissolved when the
sample is exposed to air, and a considerable change
in pH may result In situ measurements should be
taken where possible but, for groundwater that
must be pumped, the use of a flow cell gives the
best results. See Standard Practice for the Use of a
Flow Cell for Field Measurements [LQ-10(P)].

5.13 Ionic Strength—Because of errors due to
ionic strength (which are not worth correcting in
the field), pH measurements shall be accompanied
by a measurement of the specific conductance. The
pH is a measurement of the hydrogen-ion activity.
An ideal solution is assumed in which other ions

BI .14—1

pH is exponentially related to concentration,
care shall be taken in making the

4.2 Natural waters usually
the range of 4 to 9. The
natural waters is the
gaseous and
ate, and

3. Hazard Analysis

3.1 No hazards requiring controls have been
identified. Site-specific controls are available in the
planning documents of a particular project

4. Significance and Use

4.1 The pH of a solution is defined as the nega-
tive logarithm to the base 10 of the hydrogen-ion
activity in moles per liter: pH = —log [H1. Because
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do not affect the hydrogen activity. This assump-
tion deteriorates if the ionic strength is too high. 
Similarly, samples with low ionic strength will 
cause difficulties because the resistance of the sam-
ple approaches that of the glass electrode. For best 
results, samples with very low ionic strength 
should be stirred for a few seconds prior to the 
reading. Even then, it may require several minutes 
for the reading to stabilize. 

5.1.4 High Sodium and Alkalinity—High sodium 
and alkalinity may also produce errors in the pH 
measurement. For pH 9 and a sodium concentra-
tion of 10 moles per liter, a special electrode is 
needed. Similarly, any pH value that is less than 1 
or greater than 9 will have a greater uncertainty 
associated with it because the electrode response is 
non-Nernstian in these regions. 

6. Apparatus 

6.1 Numerous pH meters are available; the 
meter used should have a temperature compensat-
ing device, a slope adjustment, and be capable-of. 
reading pH to ± 0.01 units. 

62 A flow cell to be used forcontirusous-flow 
measurements. 

63 Standard pH buffer solutions of 4.00,7.00;\,,,,,  
and 9.00 or 1:00. 

6.4 Combination pH electrode. 

6.5 Temperature-rneasuring,crevice capable of 
reading temperatures to ±,0:1 °C. 

6.6 Distilled or, &ionized water in a squeeze 
wash bottle. 

6.7 Kimwipes® or equivalent lint-free tissue. 

6.8 Disposable beakers, test tubes, or centrifuge 
tubes. 

7. Calibration 

7.1 In each case, samplers shall follow the 
manufacturer's instructions for the pH meter and 
electrode used. Electrodes shall be kept wet when 
not in use. Recommended solutions for storage are 
the pH 4.00 or pH 7.00 buffer. 

7.2 Before use, remove electrode from the stor-
age solution, rinse with distilled water, and blot 
dry with a lint-free tissue. 

73 Adjust buffer solution and electrode to 
± 10 °C of the sample temperature. This can be 
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done by storing the buffer solutions and electrode 
in an ice chest or by letting sample water run over 
the buffer bottles and electrode until the tempera-
tures have equilibrated. 

7.4 Place the electrode in the pH 7.00 buffer, 
adjust the temperature compensation control to the 
temperature of the buffer (or use an automatic tem-
perature compensator), and adjust the calibration 
control to read the pH of the buffer. The pH of the 
buffer is equal to 7.00 only at 25 °C; therefore, it is 
necessary to use the temperature-correction curve 
supplied by the manufacturer of the buff 

7.5 Remove the electrode from_the7.00er, 
Place the 

8. Procedure 

8.1 The following general procedure supple-
ments the instruction in the instrument-specific 
operating manual. 

8.1.1 Rinse calibrated electrode (see Section 7) 
with distilled water, blot dry, and immerse elec-
trode in the solution. 

8.1.2 Use of a flow cell is recommended for 
making pH measurements; this reduces the inter-
ferences due to atmospheric contamination. If pos-
sible, in situ measurements are the best. 

8.1.3 Allow the measurement to stabilize and 
record the reading. 

8.1.4 Remove the electrode from the solution, 
rinse with distilled water, blot dry, and store in 
pH 4.00 or pH 7.00 buffer solution. 

9. Quality Assurance 

9.1 The following information about the field 
measurement of pH shall be logged for quality-
assurance documentation. 

rinse with distilled water, ancLbrot 
electrode in either pH 4 or '171-1 .00 buffer, 
bracketing the exp ed p 	the sample. AllOw 
the reading to,s6b. 	eforernaldrig adjustments. 
Adjust the slope controLteread e correct 
aranrconsulting the tem 	e-correction curve 
supplieciby the manufacturer. 

7.6" Rinse electrode with distilled water and blot 
dry. Recheck valueoHhe pH 7.00 buffer. The value 
shat be 	t4±0.02 pH of the correct value. If 
not,-repeat steps 7.4, 7.5, and 7.6. 

B1.4-2 
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do not affect the hydrogen activity. This assump-
tion deteriorates if the ionic strength is too high.
Similarly, samples with low ionic strength will
cause difficulties because the resistance of the sam-
ple approaches that of the glass electrode. For best
results, samples with very low ionic strength
should be stined for a few seconds prior to the
reading. Even then, it may require several minutes
for the reading to stabilize.

5.1.4 High Sodium and Alkalinity—High sodium
and alkalinity may also produce errors in the pH
measurement For pH 9 and a sodium concentra-
tion of 10 moles per liter, a special electrode is
needed. Similarly, any pH value that is less than 1
or greater than 9 will have a greater uncertainty
associated with it because the electrode response is
non-Nemstian in these regions.

tubes

7. Calibration

7.1 In each case, samplers shall follow the
manufacturer's instructions for the pH meter and
electrode used. Electrodes shall be kept wet when
not in use. Recommended solutions for storage are
the pH 4.00 or pH 7.00 buffer.

7.2 Before use, remove electrode from the stor-
age solution, rinse with distilled water, and blot
dry with a lint-free tissue.

73 Adjust buffer solution and electrode to
°C of the sample temperature. This can be

UnC Geotech
57 88

doneby storing the buffer solutions and electrode
in an ice chest or by letting sample water run over
the buffer bottles and electrode until the tempera-
tures have equilibrated.

8.1 The following general procedure supple-
ments the instruction in the instruirient-specific
operating manuaL

8.1.1 Rinse calibrated electrode (see Section 7)
with distilled water, blot dry, and immerse elec-
trode in the solution.

8.1.2 Use of a flow cell is recommended for
making pH measurements; this reduces the inter-
ferences due to atmospheric contamination. If pos-
sible, in situ measurements are the best.

8.1.3 Allow the measurement to stabilize and
record the reading.

8.1.4 Remove the electrode from the solution,
rinse with distilled water, blot dry, and store in
pH 4.00 or pH 7.00 buffer solution.

9. Quality Assurance

9.1 The following information about the field
measurement of pH shall be logged for quality-
assurance documentation.

6. Apparatus

7.4 Place the electrode in the pH 7.00 buffer,
adjust the temperature compensation control to the
temperature of the buffer (or use an automatic tem-
perature compensator), and adjust the calibration
control to read the pH of the buffer. The pH of the
buffer is equal to 7.00 only at 25 C; therefore, it is
necessary to 'use the temperature-correction curve
supplied by the manufacturer of the buff

7.5 Remove the electrode fron 7.00.. er
rinse with distilled water, andbrot dry. Place the
electrode in either pH 4 or -l0 buffe;
bracketing the exp ed p the sample. Allow
the reading to stabth befoe-akmg adjustments
Adjust the slope contro)..td'rea9.the correct pH
agamconsulting the émrire-correction curve

61 Numerous pH meters are available, the supplied by the manufacturer
meter used should have a temperature compensat- Rinse electrode with distilled water and blot
ing device, a slope adjustment, and be capableoL dry Recheck valueoIthe pH 700 buffer The value
reading pH to±001 UflitS shalT'berthn±0 02 pH of the correct value If

6.2 A flow cell to be used for'contmuous-flc,w / not, repeat steps 74,75, and 76
measurements

63 Standard pH.buffer solutions of 4 00,2 (D(f\.- - 8 Procedure

and900orW'OO

64 Combination pH electrode. -
6.5 Temper ure-measuring device capable of

reading temperatures to01 °C.
6.6 Distifledot deionized water in a squeeze

wash bottle.

6.7 Kimwipes® or equivalent lint-free tissue.

6.8 Disposable beakers, test tubes, or centrifuge

Bi
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9.1.1 Time of the last two-buffer calibration. 
The two-buffer calibration shall be performed a 
minimum of once each hour. 

9.L2 Buffer temperature at time of calibration. 

9.13 Sample temperature at time of 
measurement 

9.1.4 Measurement conditions (i.e., in situ, open 
container, or air-exdusion container). 

9.1.5 Source and expiration date of buffers used.  

LQ-4(T) 
5„y90 R89 

9.1.6 9.1.6 Instrument manufacturer and model 
number. 

9.1.7 Name of person performing the 
measurement. 

M. Precision and Bias 

10.1 Precision of t 0.02 pH units and an accu-
racy of t 0.05 pH units can be achieved. However, 
t 0.1 pH units represent the limit of accuracy 
under normal conditions. 

B1 .4-3 
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9.1.1 Tune of the last two-buffer calibration.
The two-buffer calibration shall be performed a
minimum of once each hour.

9.12 Buffer temperature at time of calibration.

9.13 Sample temperature at time of
measurement

9.1.4 Measurement conditions (Le., in situ, open
container, or air-exclusion container).

9.1.5 Source and expiration date of buffers used.

LQ—4(T)
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9.1.6 Insthment manufacturer and model
number.

9.1.7 Name of person performing the
measurement.

10. Precision and Bias

10.1 Precision of 0.02 pH uni and an accu-
racy of 0.05 pH uni can be achieved. However,

0.1 pH unita represent the limit of accuracy
under normal conditions.

Bi .4-3
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5.1.1.1 If the conductivity meter does not have 
automatic temperature correction, the sampler can 
use the following formula to correct the conductiv-
ity reading for temperature. 

where 

K = corrected conductivity ini.unhos/ cm, 

Em = measured conductivity iniunhos/ cm, 
and 

t = temperature in )̀C. 

5.1.2 Ionic Strength—The conductivity of a solu-
tion is a function of the concentration and charge 
of the ions in solution and of the rate the ions move 
under the influence of an electrical potential. As the 
ionic strength increases, the rate the individual ions 
move decreases. Conductivity varies linearly with 
ionic strength for values below 1,000;inthos/cm. 
As conductivity increases above 5,0001.unhos/cm, 
the line curves significantly; beyond 50,000 

K - 	Em 
1 + 0.0191(t - 25) 
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Standard Test Method for the Field Measurement of 
Specific Conductance 

Introduction 
Specific conductance is a widely used indicator of water quality It measures the ability of 

water to carry an electrical current under specific conditions. This ability depends on the 
presence of ions, their total concentration mobility, and temperature. Specific conductance is 
a simple indicator of change within a system and is used as an aid in evaluating whether a 
sample is representative of the water in the system. 

cell constant is determined by me 	g 
tion of known conductivity. Soluti6ns o own 
conductivity are p 	Ocanbe made from 
reagent-grade KCL 	pleiskitil consuleoperat- 
ing instructions 	c instrument used for 
the determination 	nstant. This copduc- 
tivity is expressed in 	per centimeter 
1Anthos/cm). 

i'lntereierences 

Temperature, ionic strength, and the deter- 

the measurement of conductivity. 
3. Referenced Do cgments 

5.1.1 Temperature—The conductivity of a solu- 

	

3.1 American-Public Health AssoCiation;-1G " 	lion increases with temperature at approximately . 

	

can WaterWorksAeSooation, and Water Pollution 	2 percent per degree C. Significant errors can result 
Control 	Standard Methods for the Exami- 	from inaccurate temperature measurements. 
nation of Water and Wastewater. American Public 
Health Association, Washingtona).C, 1980. 

3.2 Korte,.N. and Dz-ey, Procedures for Field 
Chemical Analyses-of Water Samples, Technical 
Measurements Center, US. Department of Energy, 
Grand Junction Area Office, GJ/TMC-07(83), 1983. 

3.3 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Techniques of 
Water-Resources Investigations of the United States 
Geological Survey, Chapter D2, Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock 
Number 024-001-02879-4,1976. 

4. Significance and Use 

4.1 The specific conductance or conductivity of 
a sample is defined as the conductance of the sam-
ple between opposite sides of a cube, 1 centimeter 
(cm) in each direction. Because it is impractical 
to build electrodes with these characteristics, 
electrodes are manufactured in various forms. A 

B1.5-1 

1. Scope 

1.1 This procedure describes the field measure-
ment of the specific conductance of a aqueous sam-
ple. The specific conductance is measured using a 
conductance meter and a platinum or stainless 
steel electrode. 

2. Hazard Analysis 

2.1 No hazards requiring controls have been 
identified. Site-specific controls are availabratthe 

,.......„..., iii of the cell constant are features that affect planning documents for a particular project. 	I 
,------- _.,---' ) 
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Standard Test Method for the Field Measurement of

Specific Conductance
Introduction

Specific conductance is a widely used indicator of water quality. It measures the abilityof
water to carry an electrical current under specific conditions. This ability aeds on the
presence of ions, their total concentration mobility, and temperature. Specificconductance is
a simple indicator of change within a system and is used as an aid in evaluating whether a
sample is representative of the water in the system.

1. Scope cell constant is determined bymeasix-
tion of known conductivity. Soutfns of.lciown

Li This procedure describes the field measure- conductivity are piirehM occanbe made from
ment of the specific conductance of a aqueous sam- reagent-grade KCL Sia4I shall coisultOperat-
pie. The specific conductance s measured using a irig instructionsjfiiespflc thstrunent used for
conductance meter and a platinum or stainless the determ 5elionstant. This c9iduc-steel electrode. tivity is expresse n.i&onâs per centinteter

4trnkus/cm).
2. Hazard Analysis K

2.1 No hazards requiring controls have b 5 Intereferences
identified Site-specific controls are availabliiIt'the 5<Te3,eraturonjc strength, and the deter-
planning documents for a particulrproje \ I mina6 of the cell constant are features that affect'-' ) themeasurement of conductivity.
3 Referenced

511 Tern perature—The conductivity of a solu-
31 AmencanPublic Health AssocationAT tion increases with temperature at approxunately

can WaterWorks Asciation, and Water Pollution 2 percent per degree C. Significant errors can result
Control Fedemtion, Standa, Methods for the Exann- from maccurate temperature measurements
nation of Water and Wastewater American Public
Health Association, Washington'D.C., 1980.

5.1.1.1 If the conductivity meter does not have
automatic temperature correction, the sampler can

3.2 Korte,N. and Daley, Procedures for Field use the following formula to correct the conductiv-
Chemical Anal ys-of Wafer Samples, Technical ity reading for temperature.
Measurements Center, U.S. Department of Energy, ____________Grand Junction Area Office, GJ/TMC-07(83), 1983. K =

1 + O.0191(t — 25)
3.3 Wood, W.W., "Guidelines for Collection

and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Investigations of the United States
Geological Survey, Chapter D2, Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879—4,1976.

5.1.2 Ionic Strength—The conductivity of a solu-
tion is a function of the concentration and charge
of the ions in solution and of the rate the ions move
under the influence of an electrical potential. As the
ionic strength increases, the rate the individual ions
move decreases. Conductivity varies linearly with
ionic strength for values below 1,000 MmhoS/cIrt.
As conductivity increases above 5,000 mthos/cui,
the line curves significantly; beyond 50,000
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where

K = corrected conductivity in mhos/cm,
Em = measured conductivity in imhos/czn,

and

t = temperature in DC.

'L Significance and Use

4.1 The specific conductance or conductivity of
a sample is defined as the conductance of the sam-
pie between opposite sides of a cube, 1 centimeter
(cm) in each direction. Because it is impractical
to build electrodes with these characteristica,
electrodes are manufactured in various forms. A
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i.urthos/an, the conductivity is an unsatisfactory 
index of ionic concentration. 

5.13 Cell Constant—The cell constant shall be 
checked and verified on a regular basis. A signifi-
cant change in the cell constant indicates that the 
electrode needs cleaning or changing. Consult 
the instrument operating manual for procedures 
to check the cell constant, or see Section 7 of this 
procedure. 

6. Apparatus 

6.1 Specific conductance meter capable of mea-
suring conductivity in the range of 0 to 100,000 
umhos/cm. This meter should also measure tem-
peratures in the range of -5 °C to 50 °C. 

6.2 Conductivity check solutions. Normally, 
0.001 N, 0.01 N, and 0.1 N KC1 solutions will cover 
the range of expected sample conductivity.. 

6.3 Distilled or deionized water in a squeeze 
bottle. 

6.4 Disposable beakers, test tubes, or centrifuge,,, 
tubes. 

63 Kimwipes® or equivalent lint-free tissue 

7. Calibration 

7.1 An actual calibration of the instrument is 
not performed. The cell/instrument calibration is 
confirmed by use of standard check solutions as 
described below. 

7.1.1 Connect the temperature probe and con-
ductivity cell to the instrument 

7.1.2 Rinse the temperature probe and conduc-
tivity cell with distilled water and blot dry with a 
lint-free tissue. 

7.1.3 Place the temperature probe and conduc-
tivity cell in the 0.001 N KC1 standard and allow 
the readings to stabilize. Record the temperature 
and conductivity reading in the field logbook. 

7.1.4 Repeat steps 73 and 7.4 for the 0.01 N and 
the 0.1 N KC1 standards. 

7.15 Correct the readings to 25 °C using the 
formula in Section 5.1.1.1 and compare these read-
ings to the standard values. If these readings are 
within t 10 percent of the accepted value, the cell 
instrument-calibration check is acceptable. 

7.1.6 If the cell/instrument calibration check is 
unacceptable, consult the instrument operation 
manual for cell cleaning and instrument trouble-
shooting procedures. 

8. Procedure 

8.1 The following general procedure is supple-
mental to the instructions in the instrument-
specific operating manual. 

8.1.1 Rinse the conductivity cell and tempera-
ture probe with several volumes of sample water. 

8.1.2 Immerse the probe and cell in-the sample. 

8.1.3 Allow the readings stibilizoand record 
the temperature and co ctiVity-readings on the 
field log form. 

8.1.4 Remove th robes-ft-6i; the solution,,rinse 
with distilled water, blerfciry if store according 
to,the manufacturer's r 	ended procedures. 

9. Quality Assurance> 

9.t-The.-followirtg information about the field 
measurement of specific conductance shall be 
logged for quality-assurance documentation. 

9.1.1 Source and expiration date of standards. 

9.1.2 Instrument manufacturer and model 
number. 

9.13 Date and time of calibration check. 

9.1.4 Temperature and conductivity of stan-
dards used to check calibration. 

9.13 Sample temperature and conductivity 
reading. 

9.1.6 Name of person performing the 
measurement 

10. Precision and Bias 

10.1 Precision and accuracy of t 5 percent can 
be achieved with this procedure at conductivity 
readings between 100 and 5,000 umhos /an. Read-
ings between 0 and 100 umhos/an and above 5,000 
umhos/an should provide t 10 percent precision 
and accuracy. Readings above 20,000 }mhos/an 
shall not be attempted with this procedure. 

LQ—5(T)
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mhos/cm, the conductivity is an unsatisfactory
index of ionic concentration..

5.13 Cell Constant—The cell constant shall be
checked and verified on a regular basis. A signifi-
cant change in the cell constant indicates that the
electrode needs cleaning or changing. Consult
the instrument operating manual for procedures
to check the cell constant, or see Section 7 of this
procedure.

6. Apparatus
6.1 Specific conductance meter capable of mea-

suring conductivity in the range of 0 to 100,000
jirrthos/rn. This meter should also measure tern-
peraturesintherangeof-5°Cto5O°C.

6.2 Conductivity check solutions. Normally,
0.001 N, 0.01 N, and 0.1 N KU solutions will cover
the range of expected sample conductivity..

6.3 Distilled or deionized water in a squeeze

7.1.2 Rinse the temperature probe and conduc-
tivity cell with distilled water and blot dry with a
lint-free tissue.

7.13 Place the temperature probe and conduc-
tivity cell in the 0.001 N KC1 standard and allow
the readings to stabilize. Record the temperature
and conductivity reading in the field logbook.

7.1.4 Repeat steps 73 and 7.4 for the 0.01 N and
the 0.1 N KC1 standards.

7.1.5 Correct the readings to 25 C using the
formula in Section 5.1.1.1 and compare these read-
ings to the standard values. If these readings are
within percent of the accepted value, the cell
instrument-calibration check is acceptable.

UIJC ptec*2

7.1.6 11 the cell/instrument calibration check is
unacceptable, consult the instrument operation
manual for cell cleaning and instrument trouble-
shooting procedures.

8. Procedure

8.1 The following general procedure is supple-
mental to the instructions in the instrument-
specific operating manual.

9.1.2 Instrument manufacturer and model
number.

9.13 Date and time of calibration check.

9.1.4 Temperature and conductivity of stan-
dards used to check calibration.

9.1.5 Sample temperature and conductivity
reading.

9.1.6 Name of person performing the
measurement

10. Precision and Bias

10.1 Precision and accuracy of 5 percent can
be achieved with this procedure at conductivity
readings between 100 and 5,000 i.Lmhos/cm. Read-
ings between 0 and 100 j.urihos/cm and above 5,000
.tmhos/crn should provide percent precision
and accuracy. Readings above 20,000 junhos/an
shall not be attempted with this procedure.

8.1.1 Rinse the conductivity cell and tempera-
ture probe with several volumes of sample yatr.

8.1.2 Immerse the probe and cell the sarip1.

813 Allow the readings sbilizeand record
the temperature and co4dtivity-réadinZs on the
field log form.

8.1.4 Remove the-rob on the solution, mise
with distilled water, hi !zand store according
tothe manufacturer's recaimended procedures.

bottle
9. Quality Msurance.

64 Disposable beakers, test tubes, or centrffiige -,
9 YTheiollowing information about the field

— measurementof specific conductance shall be
63 Klmwlpes® or equivalent lint-free tisSUe) L\ logged for quality-assurance documentation.

7 Calibration - -' 91 1 Source and expiration date of standards

7.1 An actual calibation of the instrument is
not performed. The cell/instrument calibration is
confirmed by use of standard check solutions as
descibed below.

7.1.1 Connect the temperature probe and con-
ductivity cell to the instrument.

Bi .5—2
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Standard Test Method for the Field Measurement of the 

Oxidation-Reduction Potential (Eh) 
Introduction 

Knowledge of a system's oxidation/reduction potential (Eh) is useful for predicting the 
migration or attenuation of contaminants in groundwater or surface water. The 
measurement, however, should be applied with caution. Only under certain conditions are 
Eh measurements reliable; they are primarily used as a descriptive tool. 

L Scope 
1.1 This method describes the procedure for the 

measurement of the Eh in aqueous samples; it does 
not address the theoretical interpretation of the 
oxidation-reduction potential. This procedure has 
been designed for routine field measurements. 

2. Hazard Analysis 

2.1 This test method uses a ZoBell solution for 
an Eh reference. This solution contains small con-
centrations of potassium cyanide. Potassiu:MM 
cyanide is a poison and is a Department of 
Transportation (DOT)-regulated"  
and class is Poison B. Samplers shall' wear,,y4 pr 
tection and disposabiegloves to avoid eye artd_skin 
contact and shairkeep_the solution away.frOm 
strong acids that will liberate hydrogen cyanide 
gas, which is extremely toxic. 

2.2 Site-specific controls areavailable in the 
planning documents for aparticular project 

3. Referenced-Documents 

3.1 American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 11, Volume 
11.01, D1498-76, 1984. 

3.2 Korte, N., and D. Ealey, Procedures for Field 
Chemical Analyses of Water Samples, Technical 
Measurements Center, U.S. Department of Energy, 
Grand Junction Area Office, GJ/TMC-07(83), 1983. 

3.3 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," in Techniques of 
Water-Resources Investigations of the United States 
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment Printing Office, Washington, D.C, Stock 
Number 024-001-02879-4, 1976. 

4. Significance and Use 

4.1 The oxidation-reduction potential 	efined 
as the electromotive force developed when a noble 
metal electrode and a rfence 	are 

sample. This potential, sbme-
redo potential, is related 

th Nernst evatron: 

oxidized 	state 
ln reduced state 

where, 
standard potential of the reaction, 

R = gas constant, 

T = absolute temperature, 

F = Faraday constant, and 

n = number of electrons involved 
in the half-cell reaction. 

The potential is reported as volts (V) or 
millivolts (mV) relative to the standard hydrogen 
electrode taken as zero. 

5. Interferences 

5.1 Eh is sensitive to temperature change of the 
solution. Because the reference-electrode potential 
and the liquid-junction potential also vary with 
temperature, instrumental compensation is not 
possible. Reference solutions used to check the 
accuracy of the electrode system should be within 
t 10 °C of the sample temperature for the readings 
to be valid. 

5.2 Reproducible Eh measurements cannot be 
obtained for chemical systems that are not revers-
ible. Samples containing dissolved oxygen above 
0.01 parts per million (ppm) are essentially irrevers-
ible, and Eh measurements are not recommended. 
Since exposure to the atmosphere can cause rapid 

placed in an aqu_, 
times referred-to as 
to the standard po 

Eli = E° + 
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Standard Test Method for the Field Measurement of the

Oxidation-Reduction Potential (Eh)
Intrduction

Knowledge of a system's oxidation/reduction potential (Eh) is useful for predicting the
migration or attenuation of contaminants in groundwater or surface water. The
measurement, however, should be applied with caution. Only under certain conditions are
Eh measurements reliable; they are primarily used as a desiptive tooL

1.1 This method desibes the procedure for the
measurement of the Eh in aqueous samples; it does
not address the theoretical interpretation of the
oxidation-reduction potential. This procedure has
been designed for routine field measurements.

3. Referenced'Documents

3.1 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01, D1498—76, 1984.

3.2 Korte, N., and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical
Measurements Center, U.S. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3.3 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," in Tethniques of
Water-Resources Investigations of the United States
Geological Suroey, Chapter D2, Book 1: U.& Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879—4, 1976.

R = .gas constant,

T = absolutetemperature,
F = Faraday constant, and

n = number of electrons involved
in the half-cell reaction.

The potential is reported as volts (V) or
millivolts (my) relative to the standard hydrogen
electrode taken as zero.

5. Interferences

5.1 Eh is sensitive to temperature change of the
solution. Because the reference-electrode potential
and the liquid-junction potential also vaxy with
temperature, instrumental compensation is not
possible. Reference solutions used to check the
accuracy of the electrode system should be within

of the sample temperature for the readings
to be valid.

5.2 Reproducible Eh measurements cannot be
obtained for chemical systems that are not revers-
ible. Samples containing dissolved oxygen above
0.01 parts per million (ppm) are essentially irrevers-
ible, and Eh measurements are not recommended.
Since exposure to the atmosphere can cause rapid

B1 .6—1

L Scope 4. Significance and Use

4.1 The oxidation-reduction otentiaUs-dined
as the electromotive force developed when a noble
metal electrode and a fenceelcfrode re
placed in an aq saxrpt'his potential, some-
times ref erredto as) redpotenba1, zs related
to the standard potena}bTy th Nernst eati'on

2. Ha7ard Analysis '
— E0 oxidized state

2.1 This test method uses a ZoBell solution for
- +

reduced state
an Eh reference This solution contains small con-
centrations of potassium cyanide Potassithi wher
cyanide is a poison and is a Department of standard potential of the reaction,
Transportation (DOT)-regulated material, itstha.z-
ard class is Poison B Samplers shall wear ey pro
tection and disposable gloves to avoid eye andskin
contact and sbairkeep the solution away from
strong aads that will liberate hydrogen cyanide
gas, which is extremely toxic.

2.2 Site-specific controls areavailable in the
planning documents for apárticular project
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changes in dissolved oxygen, all sample measure-
ments shall be taken in a dosed, flow-through con-
tainer or in situ. 

5.3 Samples containing hydrogen sulfide will 
poison the electrode as will other ions that are 
stronger reducing agents than platinum. 

5.4 Eh measurements are relatively free from 
interferences from color, turbidity, colloidal 
matter, and suspended matter. 

6. Apparatus 

6.1 Most field pH meters have the capability 
of measuring Eh by substitution of an appropriate 
set of electrodes. The meter should be capable of 
measuring Eh to ± 1 mV. 

6.2 Combination Eh electrode. 

6.3 ZoBell reference solution. 

Caution This solution is poisonous and shall 
be handled with care. Potassium cyanide 
is a DOT-regulated material; its hazard dassis----, 
Poison B. 

6.4 Temperature-measuringdivicecapable'of 
reading temperatures to„.t.111 °C. 

6.5 A flow cell. See Standard PractiCe for.the 
of a Flow C,elrfor FieldMeasurements [LQ-10(P)J. 

6.6 Distilled or deionized water in a squeeze 
wash bottle:, 

6.7 Kimwipes® tir evivilent lint-free tissue. 

6.8 Disposable,beakers, test tubes, or centrifuge 
tubes. 

7. Calibration 

7.1 An actual calibration of the Eh electrode sys-
tem is not performed. Instead, samplers shall make 
a performance check to determine if the electrode 
and meter are functioning properly. The perfor-
mance check is as follows: 

7.1.1 Record temperature of ZoBell solution. 
This solution should be within ± 10 °C of sample 
temperature. 

7.1.2 Place electrode in the ZoBell solution and 
compare the reading with the theoretical value for 
the ZoBell solution (see Figure 1). The reading 
should be within ± 10 mV of the theoretical value. 

0 
160 	180 	200, 	220 	240 

POTENTIAL (MILLIVOLTS) 

Fsgure-t.'" The Potential of ZoBell Solution Relative 
to Reference-Electrode Systems at 
Various Temperatures 

7.1.3 If the reading is not within ± 10 mV, 
one of the following steps will usually solve 
the problem. 

7.1.3.1 Check reference electrode filling solu-
tion; fill or replace. 

7.1.3.2 Polish the platinum end of the electrode 
(see manufacturer's instructions). 

7.1.3.3 Replace electrode. 

7.1.4 Rinse electrode with distilled water, 
blot dry, and store according to manufacturer's 
suggestions. 

8. Procedure 

8.1 Check electrode performance according to 
Section 7.1.2. 

8.2 Rinse electrode with distilled water and blot 
dry with a lint-free tissue. 

8.3 Place electrode in flow-through cell and 
pump sample through cell for several minutes to 
exclude air. 

260 
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changes in dissolved oxygen, all sample measure-
ments shall be taken in a closed, flow-through con-
tainer or in situ.

53 Samples containing hydrogen sulfide will
poison the electrode as will other ions that are
stronger reducing agents than platinum.

5.4 Eh measurements are relatively free from
interferences from color, turbidity, colloidal
matter, and suspended matter.

6. Apparatus
6.1 Most field pH meters have the capability

of measuring Eh by substitution of an appropriate
set of electrodes. The meter should be capable of
measuring Eh to mV.

6.2 Combination Eh electrode.

63 ZoBell reference solution.

Caution This solution is poisonous and shall
be handled with care. Potassium cyanide
is a DOT-regulated material; its hazard class
Poison B.

— _-__\
6.4 Tempe hire-measuring' Ce capable of

reading temperatures tOi. °C
6.5 A flow ceU. See Standard Practice for thee—

of a Flow Ceil"for Fielflvfeasurements [LQ-l0(P)J.

66 Thsialled deionized water in a squeeze
wash bottle.

6.7 Kimwipes®Or e iva1 lint-free tissue.

6.8 Disposable.beakem, test tubes, or centrifuge
hibe

7. Calibration
7.1 An actual calibration of the Eh electrode sys-

tem is not performed. Instead, samplers shall make
a performance check to determine if the electrode
and meter are functioning properly. The perfor-
mance check is as follows:

7.1.1 Record temperature of ZoBeil solution.
This solution should be within °C of sample
temperature.

7.1.2 Place electrode in the ZoBeil solution and
compare the reading with the theoretical value for
the ZoBeil solution (see Figure 1). The reading
should be within mV of the theoretical value.

0
160 180 200 • 220 240 260

PCTENAL (MILLIVOLTS)

Fijure, The Potential of ZoBell Solution Relative
to Reference-Electrode Systems at
Various Temperatures

7.13 If the reading is not within 10 mV,
one of the following steps will usually solve
the problem.

7.13.1 Check reference electrode filling solu-
tion; fill or replace.

7.132 Polish the platinum end of the electrode
(see manufacturer's instructions).

7.133 Replace electrode.

7.1.4 Rinse electrode with distilled water
blot dry, and store according to manufacturer's
suggestions.

8. Procedure

8.1 Check electrode performance according to
Section 7.12.

8.2 Rinse electrode with distilled water and blot
dry with a lint-free tissue.

8.3 Place electrode in flow-through cell and
pump sample through cell for several minutes to
exclude air.

Bi .6-2
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Change of potential with temperature 
Eh 0.428 — 0.0022 (t 25) 
where t temperature in •C 
(Ivan llamas, oral communication, 1972) 
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Figure-ZThe Potential of ZoBell Solution, Relative 
/- 	to the Standard Hydrogen Electrode 

at Various Temperatures. 

Geotech 

8.4 Turn function switch on meter to the milli-
volt mode. 

8.5 Allow the readings to stabilize. Stabilization 
should occur within 20 minutes. Turn off sample 
flow to prevent any streaming potentiaL 

8.6 Record the Eh reading and temperature 

8.7 Remove the electrode from the cell, rinse 
with distilled water, blot dry, and store according 
to manufacture's suggestion. 

9. Quality Assurance 

9.1 The following information about the Eh 
measurement shall be logged for quality-assurance 
documentation. 

9.1.1 Temperature of sample. 

9.1.2 Temperature of ZoBell solution. 

9.1.3 Eh of ZoBell solution. 

9.1.4 Theoretical Eh of ZoBell solution relative 
to the reference electrode used (Figure 

9.1.5 Eh of sample. 

9.1.6 Theoretical Eh of ZoBell solution relitiy_e_ 
to the standard hydrogen-electrode (Figure 2). 

9.1.7 Name ofperson performing the 
measurerrient 

10. Calculation 
10.1 The Eh of the sample is calculated relative 

to the standard hydrogen electrode as follows: 

D=A-B+C 

where 

D = Eh of sample relative to the standard 
hydrogen electrode, 

A = Observed Eh of sample, 

57
Q-6A
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B = Observed Eh of ZoBell solution, and 

C = Theoretical Eh of ZoBell solution relative 
to the standard hydrogen electrode. 

Report D to the nearest ± 10 mV. 

11. Precision and Bias 

11.1 Precision and accuracy of the measurement 
depend largely on the condition of the electrode 
system and the degree to which the sample fits the 
interference problems mentioned in Section 5. In 
the absence of substances that coat or poison the 
electrode, the precision is ± 10 mV. 
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8.4 Turn function switch on meter to the milli-
volt mode.

85 Allow the readings to stabilize. Stabilization
should occur within 20 minutes. Turn off sample
flow to prevent any streaming potentiaL

8.6 Record the Eh reading and temperature.

8.7 Remove the electrode from the cell, rinse
with distilled water, blot dry, and store according
to manufacture's suggestion.

9. Quality Assurance

9.1 The following information about the Rh
measurement shall be logged for quality-assurance
documentation.

9.1.1 Temperature of sample.

9.1.2 Temperature of ZoBell solution.

9.1.3 Rh of ZoBell solution.

B = Observed Rh of ZoBeLI solution, and

C = Theoretical Rh of ZoBell solution relative
to the standard hydrogen electrode.

Report D to the nearest mV.

U. Precision and Bias

11.1 Precsion and accuracy of the measurement
depend largely on the condition of the electrode
system and the degree to which the sample fita the
interference problems mentioned in Section 5. In
the absence of substances that coat or poison the
electrode, the precision is mV.

57(6
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9.1.4 Theoretical Rh of ZoBell solution relative
to the reference electrode ed ° CeO 300 320

MIWVOLTS

91.5 Rh of sample. F?gure-2 The Potential of ZoBell Solution Relative

916 TheoretLcal Eh of ZoBeil
to the Standard Hydrogen ElecM'ode

to the standard hydwgen electrode (Figure 2)
at Various Temperatures

917 Mame'of peon performing the
measuzzntent.

10. Calculation

10.1 The Rh of the sample is calculated relative
to the standard hydrogen electrode as follows:

D=A-B+C
where

D = Rh of sample relative to the standard
hydrogen electrode,

A = Observed Rh of sample,

Bi .6-3
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Standard Test Method for the 
Field Measurement of Alkalinity 

Introduction 
The alkalinity of a water sample is a quantitative measurement of the ability of the 

sample to react with a strong acid to a designated pH. The alkalinity of natural waters is 
primarily a measure of the carbonate, bicarbonate, and hydroxide content. It is also a 
general indicator of groundwater quality. 

1. Scope 

Ll This method deserting the field measure-
ment of alkalinity of aqueous samples. It is a mea-
sure of the aggregate property of the sample and 
can be interpreted in the terms of specific sub-
stances, such as carbonate and bicarbonate, only 
when the chemical composition of the sample is 
known. 

12 The sample is titrated with a standard 
acid solution to a designated pH, and the end 
point is determined by a color change of an 
internal indicator. 

2. Hazard Analysis 

2.1 This test procedtire—u.sessulfiaric acid 
(H2SO4). S ulfurieicid is a corrosive material 
a Departmeniof TrartiPertation (DOT)- 
regulated mater.; its hazard class`is Corrosive 
Liquid. Avoid contact witheyes, skin, and clothing. 
Adequate ventiLation,,eye protection, and dispos-
able gloves are required.,Fifit aid for eye and skin 
contact is to immediately flush with water for 15 
minutes, remove contaminated clothing, and call 
a physician. 

2.2 Site-specific controls are available in the 
planning documents for a particular project 

3. Referenced Documents 

3.1 American Public Health Association, Stan-
dard Methods for the Examination of Water and 
Wastewater, American Water Works Association, 
and Water Pollution Control Federation, Washing-
ton, D.C., 1980. 

3.2 American Society for Testing and Materials, 
Annual Book of ASTM Standards, Section 1 	e 
11.01,1984. 

3.3 Korte, N. and D. Eat 
Chemical Analyses of Wa 
Measurements C 	, U. 
Grand Jun 	Areafaffice 

3.4 Wood, W.W. 
and-rield Analysis of 
Selected Unstable Constituents," Techniques of 
WaterqZesources hroestivtions of the United States 
C4olosical Survey, Chapter D2, Book 1: U.S. Govern-
ment 1):inemgOffice, Washington, D. C., Stock 
Number 024-001-02879-4,1976. 

Significance and Use 

4.1 The alkalinity of natural water is commonly 
used to obtain a value for the carbonate and bicar-
bonate concentrations. Carbonate and bicarbonate 
determinations shall be made in the field at the 
time of sampling if the concentrations are to accu-
rately reflect those concentrations originally pres-
ent in the sample. 

4.2 The following equations govern the reac-
tions involved: 

CO3 + H = HCO3 (this reaction is complete near 
pH 8.3), 

HCO3 + H = H2O + CO2 (this reaction is com-
plete near pH 4.5). 

The end point of pH 83 is determined by the 
color change of the phenolphthalein indicator, 
and the end point of the pH 4.5 is determined by 
the color change of the Bromocresol Green-Methyl 
Red indicator. 

rocecjures fcir Field 
;Thattnical 

epartmextt of Energy, 
/TMC-0783), 1983. 

es for Colleetion 
d-Water Samples for 
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Standard Test Method for the
Field Measurement of Alkalinity

introduction
The alkalinity of a water sample is a quantitative measurement of the ability of the

sample to react with a strong acid to a designated pE. The alkalinity of natural waters is
primarily a measure of the carbonate, bicarbonate, and hydroxide content. It is also a
general indicator of groundwater quality.

1. Scope
1.1 This method describes the field measure-

ment of alkalinity of aqueous samples. it is a mea-
sure of the aggregate property of the sample and
can be interpreted in the terms of specific sub-
stances, such as carbonate and bicarbonate, only
when the chemical composition of the sample is
known.

12 The sample is titrated with a standard
add solution to a designated pH, and the end
point is deterxruxted by a color change of an
internal indicator.

2. Hazard Analysis

2.1 This test procedthises
(HZSO4) Sulfuxwacd isa corrosive ma
a Departrnentof Trans ortation (DOT)-
regulated mater1l; its hazard class is Corrosive
Liquid. Avoid contact wttheyes, skin, and dothmg
Adequate ventiiation,eye protection, and dispos-
able gloves are required.Fitht aid for eye and skin
contact is to immediately flush with water for 15
minutes, rexnove'contaixiinated dothing, and call
a physician.

2.2 Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 American Public Health Association, Stan-
dard Methods for the Examination of Water and
Wastewater, American Water Works Association,
and Water Pollution Control Federation, Washing-
ton, D.C., 1980.

3.2 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section
11.01,1984.

3.3 Korte, N. and D. Ealeyc1'ivce4ires for Field
Chemical Analyses of Wtranties1'echrucal
Measurements Cuté, U$d5epartment of energy,
Grand Jun orArealce .j/TMC-0783), 1983.

— — \
3.4 Wood, W.W., uilixris for Coflelion

ld Analysis of$iound-Weter Samples for
Unstable Constituents," Techniques of

urcesInvestitions the United States
Suroey,iapter D2, Book 1: U.S. Govern-
tingcffice, Washington, D. C., Stock

024—001—02879—4,1976.

Significance and Use

4.1 The alkalinity of natural water is commonly
used to obtain a value for the carbonate and bicar-
bonate concentrations. Carbonate and bicarbonate
determinations shall be made in the field at the
time of sampling if the concentrations are to accu-
rately reflect those concentrations originally pres-
ent in the sample

4.2 The following equations govern the reac-
tions involved:

C03 + H = HCO3 (this reaction is complete near
pH 8.3),

HCO3 +H =H20 CC> (this reaction is com-
plete near pH 4.5).

The end point of pH 8.3 is determined by the
color change of the phenolphthalein indicator,
and the end point of the pH 4.5 is determined by
the color change of the Bromocresol Green-Methyl
Red indicator.

Bi .7-1
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Note If the measured pH of the sample is less 
than 4.5, there is no carbonate or bicarbonate allca-
Unity and this test method is not applicable. 

5. Interferences 

5.1 The measured values may include contribu-
tions from borates, phosphates, or silicates if these 
are present in the sample. 

5.2 Natural color or the formation of precipitate 
while titrating the sample may mask the color 
change of the indicator, or waste materials may 
interfere chemically with the color change by 
destroying the indicator. 

53 Varying results may be experienced with 
samples containing oxidizing or reducing sub-
stances. 

6. Apparatus 
6.1 Hach alkalinity test kit Model AL-DT. (This 

kit contains sulfuric add which is a DOT-regulated 
material; its hazard class is Corrosive Liquid.) 

6.2 Distilled or deionized waterin a squeeze-
bottle. 

63 Kimwipes®, equivalent lint-free tissue--\ 

7. Procedure 

7.1 Attach a clean, straight-stem delivery tube 
to a sulfuric acid titration cartridge. If the expected 
alkalinity is below 100 milligrams per liter (mg/L) 
as CaCO3, use a0.1i-lq H2SO4 cartridge; if it is 
above 100 mg/Las CaCO3, use a 1.6 N H2SO4 car-
tridge; or if it is above 1,000 mg/L, use a 8.0 N 
H2SO4 cartridge. Twist the cartridge onto the 
titrator body. 

7.2 Flush out the delivery tube by turning the 
small knob until a few drops of titrant are ejected 
from the tube. Wipe the tip and reset the counter 
to zero. Ensure that there are no air bubbles in the 
cartridge. 

73 Take a sample by filling a clean 100-mL 
graduated cylinder to the 100-mL mark with water 
that has been filtered through a 0.45 micrometer 
(um) filter. Pour the sample into a clean 250-mL 
Erlenmeyer flask. 

7.4 Measure the pH of the sample, see Standard 
Test Method for the Field Measurement of pH 
[LQ-4(T)]. If the pH of the sample is less than 8.3, 
proceed to step 7.8; if the pH of the sample is 
greater than 83, proceed to step 7.5. 

7.5 Add the contents of one Phenolphthalein 
Indicator Powder Pillow and swirl to mix. 

7.6 If the color turns pink, titrate with the sulfu-
ric add standard solution to a colorless end point. 
If the pink color does not develop, proceed with 
step 7.8. 

7.7 Read and record the amountnfidd used: 
This is the amount of carbonate-alkalinity, some-
times referred to as phenolphthalein-alkalinity. See 
Section 8 for calculations. 

7.8 Add the contents of orteikomodesol Green-
Methyl Red Indicator PoWder ow to the sainple 
and 	to mix. 

7.9 Titrate the sample with the sulfuric add 
standarcLsolution until alight pink color is 
obtained. Read anctrecord the amount of acid 
used. Thii is the amount of total alkalinity. See 
Section 8 for calculations. 

7.10 Pour the titrated sample into a properly 
labeled disposal container, rinse the Erlenmeyer 
flask and the graduated cylinder with distilled 
or deionized water, and place the items back in 
the kit. 

8. Calculations 

8.1 The results are reported in mg/L of CaCO3. 
The calculation depends on the normality of the 
sulfuric add titration cartridge used The calcula-
tions are performed as follows. 

8.1.1 When using the 0.16 N H2SO4 titration car-
tridge, the digital readout from the titrator is multi-
plied by 0.1 to obtain alkalinity results in mg/L as 
CaCO3. 

8.1.2 When using the 1.6 N H2SO4 titration car-
tridge, the results from the digital readout of the 
titrator are equivalent to mg/L as CaCO3 

8.13 When using the 8.0 N H2SO4 titration car-
tridge, the results from the digital readout of the 

B1 .7-2 
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Note If the measured pH of the sample is less
than 4.5, there is no carbonate or bicarbonate aLka-
Unity and this test method is not applicable.

5. Interferences

5.1 The measured values may include confribu-
dons from borates, phosphates, or silicates if these
are present in the sample.

5.2 Natural color or the formation of precipitate
while titrating the sample may mask the color
change of the indicator, or waste materials may
interfere chemically with the color change by
destroying the indicator.

5.3 Varying results may be experienced with
samples containing oxidizing or reducing sub-
stances.

7.2 Flush out the delivery tube by turning the
small knob until a few drops of tifrant are ejected
from the tube. Wipe the tip and reset the counter
to zero. Ensure that there are no air bubbles inthe
cartridge.

73 Take a sample by filling a dean 100-mL
graduated cylinder to the 100-niL mark with water
that has beenifitered through a 0.45 micrometer
(I.ini) fllter Pour the sample into a clean 250-niL
Erlenmeyer flask.

UNC ote
7.4 Measure the pH of the sample, see Standard

Test Method for the Field Measurement of pH
[LQ-4(T)]. If the pH of the sample is less than 8.3,
proceed to step 7.8; if the pH of the sample is
greater than 83, proceed to step 7.5.

7.5 Add the contents of one Phenolphthalein
Indicator Powder Pillow and swirl to mix.

7.6 If the color turns pink, titrate with the sulfu-
ric add standard solution to a colorless end point.
If the pink color does not develop, proceed with
step 7.8.

7.7 Read and record the am ntoidd used.
This is the amount of carbonate-alkalinity, 3ome-
times referred to as phe eir(alkalinity. See
Section 8 for calculabcns.

78 Add the onteiiof ozteromocesol Green-
Methyl Red Indicator osdetflow to the sample
and' swirl to mix.

8. Calculations

8.1 The results are reported in mg/L of CaCO3.
The calculation depends on the normality of the
sulfuric acid titration cartridge used.. The calcula-
tions are performed as follows.

8.1.1 When using the 0.16 N H2S04 titration car-
thdge, the digital readout from the titrator is multi-
plied by 0.1 to obtain alkalinity results in mg/L as
CaCO3.

8.12 When using the 1.6 N H2S04 titration car-
tridge, the results from the digital readout of the
tifrator are equivalent to mgJL as CaCO

8.1.3 When using the 8.0 N H2S04 titration car-
tridge, the results from the digital readout of the

6. Apparatus
6.1 Hach alkalinity test ldt Model AL-DT. cmis 79 Titrate the sample with the sulfuric add

kit contains sulfunc acid which is a DOT-regulated standard solution until a*light pink color is
material, its hazard class is Corrosive Liquid) obtamed. Read and record the amount of acid

— used. This is the amount of total alkalinity See6.2 Distilled or deionized water in a squeeze ' Se 8 for calculations.bottle. '. -
'7.10 Pour the titrated sample into a properly63 Kimwipes ,o equivalent lint-free ssue— '

- labeled disposal container, rinse the Erlenmeyer
flask and the graduated cylinder with distilled7. Procedure ,_ or deionized water, and place the items back in

7.1 Attach a clean, straight-stem delivery tube the kit
to a sulfuric acid titration cartridge If the expected
alkalinity is below 100 ipili!grams per liter (mg/L)
as CaCO3, use a06-N H2S04 cartridge; if it is
above 100 mg/Las CaCO3, use a 1.6 N H2S04 car-
tridge; or if it is above 1,000 mg/L, use a 8.0 N
H2S04 cartridge. Twist the cartridge onto the
titrator body.
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titrator are multiplied by 5.0 to obtain alkalinity in 
mg/L as CaCO3. 

9. Quality Assurance 

9.1 The following information about the field 
measurement of alkalinity shall be logged for 
quality-assurance documentation. 	, 

9.1.1 Normality of the titration cartridge. 

9.12 Phenolphthalein alkalinity. 

LQ-7(T) 
5/90 Rev. 0 

57 100 
9.13 Total alkalinity. 

9.1.4 Name of person performing the 
measurement 

10. Precision and Bias 

10.1 Under normal conditions, precision and 
accuracy of t 15 percent can be expected from this 
procedure. 

B1.7-3 
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57 100
tinator aremultiplied by 5.0 to obtain alkalinity in 9.13 Total alkalinity.
mglL as CaCO3. 9.1.4 Name of person performing the

measurement.
9. Quality Assurance

9.1 The following information about the field 10. Precision and Bias
measurement of alkalinity shall be logged for

10.1 Under normal conditions, precision andquality-assurance documentation,
accuracy of percent can be expected from this

9.1.1 Normality of the tination carthdge procedure.

9.12 Phenolphthalein alkalinity.

\
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Standard Test Method for the 
Field Measurement of Temperature 

Introduction 
Temperature readings are important for numerous applications. They are used in the 

measurement of Eh, pH, conductivity, and dissolved oxygen; and in saturation and stability 
studies. It is important to know the temperature of surface waters and groundwaters for the 
accurate geochemical evaluation of equilibrium thermodynamics. Temperature readings of 

1 °C are necessary for the above applications. 

1. Scope 

1.1 This procedure gives general guidance and 
recommendations that shall be considered when 
taking a temperature measurement. There are 
numerous instruments on the market that can 
provide adequate temperature measurements. 
Each instrument-operating manual shall be con-
sulted for detailed procedures. 

2. Hazard Analysis 

2.1 No hazards requiring controls leave been 
identified. Site-specific controlaare avairain 
planning documents for a articular pro) 

3. Referenced Documents 

3.1 American Public Health Association, Stan-
dard Methods for the. Examination of Wafer and 
Wastewater, American Water. Works Association, 
and Water Pollution Control Federation, Washing-
ton, D.C., 1980. 

3.2 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Techniques of 
Water-Resources Investigations of the United States 
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment Printing Office, Washington, D. C., Stock 
Number 024-001-02879-4,1976. 

t Significance and Use 

4.1 Temperature is a basic physical property 
that is measured by the response of matter to heat. 
There are many devices that, once calibrated, are 
acceptable for taking temperature measurements. 

These devices include liquid in glass (mer 	in 
glass), thermocouples, bimetallic, and electrical-
resistance thermometers. Ata minimum, the device 
should measure temrature tot °C readability. 

5.1 The instrument-operating manual shall be 
„----Consulted to identify-any interferences particular to 

the device being used. 

5.2-in general, tlie-irue sample temperature is 
affected.-bathe atmospheric temperature of the sur-
roundings and the temperature of the devices used 
to collect the sample. 

6. Apparatus 

6.1 Temperature-measuring device. 

6.2 Distilled or deionized water in a squeeze 
wash bottle. 

63 ICimwipes(10  or equivalent lint-free tissue. 

7. Calibration 

7.1 The instrument-operating manual shall be 
consulted for specific calibrating procedures. 

8. Procedure 

8.1 Rinse the thermometer with distilled or 
deionized water and blot dry. 

8.2 Immerse the thermometer in the sample. 

83 Allow the reading to stabilize and record 
the temperature. 
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Standard Test Method for the

Field Measurement of Temperature
Introduction

Temperature readings are important for numerous applications. They are used in the
measurement of Eh, pH, conductivity, and dissolved oxygen; and in saturation and stability
studies. It is important to know the temperature of surface waters and groundwaters for the
accurate geochemical evaluation of equilibrium thermodynamics. Temperature readings of

°C are necessary for the above applications.

L Scope These devices include liquid in glass (mërcuxin
glass), thermocouples, bimetallic, and e1ecttical-

1.1 This procedure gives general guidance and resistance thermometers. Ata minimum, the device
recommendations that shall be considered when should measure temperafxe to± 01°C readabthty
taking a temperature measurement. There are
numerous instruments on the market that can 5. Interference
provide adequate temperature measurements /
Each instrument-operating manual shall be con- 51 The mstrumeiit-operating manual shall be
suited for detailed procedures. --'consulted to identifyat(y interferences particular to

the device being used.
2. Hazard 5.2An general, ttiethie sample temperature is

2.1 No hazards requiring controls have been\ fectedbythe atatospheric temperature of the sur-
identified. Site-specific controls'are availáin tle roundings and the temperature of the devices used

planning documents jparticular pro jeçt to collect the sample

3 Referenced Dcuments 6 Apparatus
3.1 Americaxublic Health Association, Stan- 6.1 TemperatUre-measuririg device.

dard Methods for the Examination of Wafer and 6.2 Distilled or deionized water in a squeeze
Wastewater, American Water Works Association, wash bottle
and Water Pollution Control Federation, Washing-
ton, D.C., 1980. 63 Kimwipes or equivalent lint-free tissue.

3.2 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for 7. Calibration
Selected Unstable Constituents," Techniques of 7.1 The instrument-operating manual shall be
Water-Resources Investigations of the United States consulted for specific calibrating procedures.
Geological Surt'ey, ChapterD2, Book 1: U.S. Govern-
ment Printing Office, Washington, D. C., StOCk 8. Procedure
Number 024—001-02879-4,1976.

8.1 Rinse the thermometer with distilled or
4. Significance and Use deionized water and blot dry.

4.1 Temperature is a basic physical property 8.2 Immerse the thermometer in the sample.

that is measured by the response of matter to heat 8.3 Allow the reading to stabilize and record
There are many devices that, once calibrated, are the temperature.
acceptable for taking temperature measurements.
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9. Quality Assurance 

9.1 The following information about the 
temperature measurement shall be logged for 
quality-assurance documentation. 

9.1.1 Instrument used. 

9.12 Temperature of sample. 

9.1.3 Name of person performing the 
measurement 

10. Precision and Bias 

10.1 Precision is instrument-dependent. 
Most measurement devices for field use are 
accurate to ± 0.1 °C. 

B 1 .8-2 
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9. Quality Assu.rance

9.1 The following information about the
temperature measurement shall be logged for
quality-assurance documentation..

9.1.1 Instrument used.

9.1.2 Temperature of sample.

UAC Gee tech

9.1.3 Name of person performing the
measurement

10. Precision and Bias

10.1 Precision is insthiment-dependent
Most measurement devices for field use are
accurateto 0.1 °C.
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE 

PROCEDURE Standard Test Method for the Field Measurement of Dissolved Oxygen 

PROJECT or SITE 	Air Force Plant 4 

8. Procedure 

8.1.2 The standard test method states: "Move the probe through the water or 
pump through a flow cell to ensure a velocity of at least 1 foot pe 	evond 

past the probe." At AFP4, a YSI stirring device will be attach 	dir 	ly to 

the tip of the sampling probe that guarantees a minimum vel•el-ty of,at least 1 

foot per second. A separate flow cell, designed to pre = 	a 	sphecic 

contact with the sample stream, and incorporating ti 	and stirtir will 

be used to take the measurements. 

B1.9 
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Test Method for the Field Measurement of Dissolved Oxygen

PROJECT or SITE Air Force Plant 4

8. Procedure

8.1.2 The standard test method states: "Move the probe through the water or
pump through a flow cell to ensure a velocity of at least 1 foot
past the probe." At AFP4, a YSI stirring device will be attacJ
the tip of the sampling probe that guarantees a minimum v&
foot per second. A separate flow cell, designed to pr'
contact with the sample stream, and incorporating
be used to take the measurements.
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Standard Test Method for the 
Field Measurement of Dissolved Oxygen 

Introduction 
Dissolved oxygen (DO) is required for the survival and growth of many aquatic 

organisms and the absence of dissolved oxygen may permit anaerobic decay of organic 
matter and the production of toxic and esthetically undesirable materials in the water. The 
measurement of dissolved oxygen is needed to accurately characterize the oxidation-
reduction potential of a hydrologic system and can be an indicator of atmospheric contact of 
water before recharge to an aquifer. 

1. Scope 

1.1 This method contains the field procedures 
used to determine dissolved oxygen in aqueous 
samples using a polarographic technique with a 
membrane-covered electrode. The probe method is 
much more rapid and efficient than other methods, 
has fewer interferences, and can be used for contin-
uous monitoring. 

2. Referenced Documents 

Avoid breathing suspended pa tides. Adequate 
ventilation, eye protectioatid disposable gloves 
are required. First ai 	exontactis to tush the 
eyes with watetki/15 	utes and contact ̀a physi- 
cian. First aid for skifiC0 	1S to waslithe area 
thoroughly'with soa 

32 Site-specific coiols are available in the 
planning documents for a particular project. 

4,,,,Sigpificancer and Use 

,.4:1 Oxygen-sensitive membrane electrodes are 
composed of two solid metal electrodes separated 

-'from the sample by an oxygen-permeable mem-
brane. The membrane serves as a diffusion barrier 
against impurities. The rate of oxygen diffusion 
across the membrane creates a current that is 
directly proportional to the amount of dissolved 
oxygen in the sample. This current is converted to 
concentration units during the calibration. 

2.1 American Public Health-Association, Ameri-
can Water Works Association, and Water Pollution, 
Control Federation; Iandard Methods for the Exarni- ,-, 
nation of Waterand Wastewater: American Public 
Health AssoCiation,-Washington, D.C., 1980. 

2.2 American Society for Testing and Materials, 
Annual Book of ASTM,Standards, Section 11, Volume 
11.01, 1984. 

2.3 Wood, 1"1,..W:,--"Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Techniques of 
Water-Resources Investigations for the United States 
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment Printing Office, Washington, D.C., Stock 
Number 024-001-02879-4,1976. 

2.4 Korte, N. and D. Ealey, Procedures for Field 
Chemical Analyses for Water Samples, Technical 
Measurements Center, US. Department of Energy, 
Grand Junction Area Office, GJ/TMC-07(83), 1983. 

3. Hazard Analysis 

3.1 This test method uses sodium sulfite and 
cobaltous chloride for the preparation of the 
zero-oxygen check solution. These chemicals are 
toxic in the concentrated form and the following 
precautions must be taken in the preparation of 
this solution. Avoid contact with the eyes and skin. 

81.9-1 

5. Interferences 

5.1 Membrane electrodes are sensitive to tem-
perature variations. Most DO meters have auto-
matic temperature compensators that correct for 
these variations. If not, thermal equilibrium must 
be established between the sample being measured 
and the calibrating solution. 

5.2 Oxygen-permeable membranes are also 
permeable to other gases that can affect the mea-
surement Chlorine and hydrogen sulfide will even-
tually desensitize the probe during long-term 
exposures. These gases are not normally found in 
groundwater samples, or their concentrations are 
too small to cause significant problems. 

53 Because atmospheric oxygen is rapidly 
absorbed by water samples, use of an air-exclusion 
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Standard Test Method for the
Field Measurement of Dissolved Oxygen
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1.1 This method contains the field procedures
used to determine dissolved oxygen in aqueous
samples using a polarographic technique with a
membrane-covered electrode. The probe method is
much more rapid and efficient than other methods,
has fewer interferences, and can be used for contin-
uous monitoring.

2.4 Korte, N. and D. Ealey, Proceduresfor Field
Chemical Analyses for Water Samples, Technical
Measurements Center, U.S. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3. Hazard Analysis

3.1 This test method uses sodium sulfite and
cobaltous chloride for the preparation of the
zero-oxygen check solution. These chemicals are
toxic in the concentrated form and the following
precautions must be taken in the preparation of
this solution. Avoid contact with the eyes and skin.

5. Interferences

5.1 Membrane electrodes are sensitive to tem-
perature variations. Most DO meters have auto-
matic temperature compertsators that correct for
these variations. If not, thermal equilibrium must
be established between the sample being measured
and the calibrating solution.

5.2 Oxygen-permeable membranes are also
permeable to other gases that can affect the mea-
surement Chlorine and hydrogen sulfide will even-
tually desensitize the probe during long-term
exposures. These gases are not normally found in
groundwater samples, or their concentrations are
too small to cause significant problems.

5.3 Because atmospheric oxygen is rapidly
absorbed by water samples, use of an air-exclusion

81 .9—1

Dissolved oxygen (DO) is required for the survival and growth of many aquatic
organisms and the absence of dissolved oxygen may permit anaerobic decay of organic
matter and the production of toxic and esthetically undesirable materials in the water. The
measurement of dissolved oxygen is needed to accurately characterize the oxidation-
reduction potential of a hydrologic system and can be an indicator of atmospheric contact of
water before recharge to an aquifer.

t Scope Avoid breathing suspended particles. Adetp.iate
ventilation, eye protectioj,, and diposable gloves
are required. First aj4.f6 eé.eOiitactis to gush the
eyes with waterEth 15n1utes and contact a physi-
cian. First aid for iicozMis to wash%the area
thoroughlywith soapad5aer.

32 Site-specific coi1s are available in the
planning documents for a particular project

2. Referenced Documents &.Signihcance and Use

2.1 Amencan Pubhc Health Association, Ami- 4 Oxygen-sensitive membrane electrodes are
can Water Works Association, and Water Pdlluon composed of two solid metal electrodes separated
Control Federahon-Sndard Methods for the Zr.nn- from the sample by an oxygen-permeable mem-
nation of Wat-ad Wastewater American Pubhc brane The membrane serves as a diffusion barrier
Health Msociation-Washmgton, D C., 1980 against impurities The rate of oxygen diffusion

acioss the membrane creates a current that is
2.2 American Society for Testing and

directly proportional to the amount of dissolved
AnnualBookofASTM$tandan, Section 11, Volume oxygen in the sample. This current is converted to

concentration units during the calibration.
2.3 Wood, W,W"Guidelines for Collection

and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Investigations for the United States
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879-4,1976.
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chamber is required if in situ measurements cannot 
be made. 

6. Apparatus 

6.1 Dissolved oxygen meter, Yellow Springs 
Instruments (YSI) Model 57. 

6.2 Yellow Springs Instruments (YSI) 5739 
dissolved-oxygen probe. 

63 Bottle of electrolyte and extra membranes 
for probe. 

6.4 Sodium sulfite and cobaltous chloride. 

65 Distilled or deionized water in a squeeze 
wash bottle. 

6.6 Kimwipes® or equivalent lint-free tissue. 

6.7 Flow cell, see Standard Practice for the Use 
of a Flow Cell for Field Measurements [LQ-10M]. 

7. Calibration 

7.1 The following steps describe the calibration 
of the YSI Model 57 meter and the Y915739 probe \ 
in water-saturated air. 

7.1.1 Adjust the mechanicalZERO with tkd 
instrument turned OFF. 

7.1.2 Turn'the control knob for the "red line" 
position and adjust if necessary. 

7.13 Plug probe into instrument and wait 
about 15 minutes for the probe to polarize. 

7.1.4 Turn the control knob to ZERO and adjust 
if necessary. 

7.1.5 Turn the salinity knob to FRESH. A salin-
ity correction will not be needed because the cali-
bration is performed with distilled water. 

7.1.6 Insert the probe about 4 centimeters (cm) 
into the open end of the bottomless plastic storage 
bottle containing a small sponge soaked with 
deionized water. Ensure that there is a tightfe, 
between the probe and bottle and that,there ar no 
droplets of water on the probe triemIirane 

7.1.7 Allow at least 1 	West:he system to 
reach constant tem 	tore c100 percent rela- 
tive humidity. Be carefiallat • step is carried 
out in a constant tertipeitvironmentj-ypi- 
cally, bathe the bottle,6t a s 	of the water to be 
tested, or at least keep 	bottle in the shade dur- 
ingsequilibration. 

7.1.8,-Turn the meter/control knob to TEMP 
position and'reaxtthe temperature inside the bottle 
to thenearest 0.5 °C. 

y.1.9 Determine the DO saturation value in 
-part per million (ppm) for that temperature from 
Table 1. 

7.1.10 Determine the correction factor from 
Table 2 on the basis of either the atmospheric 
pressure (most accurate method) or the altitude 

Table' 1. Dissolved Oxygen Saturation Values at Various Temperatures 

Temp 
(°C) 

Sat. 
Value 

Temp 
(°C) 

Sat. 
Value 

Temp 
(°C) 

Sat. 
Value 

Temp 
(°C) 

Sat. 
Value 

(PPm) (PPm) (PPm) (PPm) 

0 14.6 12 10.8 35 8.5 36 7.0 
1 14.2 13 10.6 25 8.6 37 6.8 
2 13.9 14 10.4 26 8.2 38 6.7 
3 13.5 15 10.2 27 8.1 39 6.6 
4 13.2 16 9.9 28 7.9 40 6.5 
5 12.8 17 9.7 29 7.8 41 6.4 
6 12.5 18 9.5 30 7.7 42 6.3 
7 12.2 19 9.3 31 7.5 43 6.2 
8 11.9 20 9.2 32 7.4 44 6.1 
9 11.6 21 9.0 33 7.3 45 6.0 

10 11.3 22 8.8 34 7.2 
11 11.1 23 8.7 35 7.1 
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chamber is required if in situ measurements cannot 7.13 Plug probe into instrument and wait
be made. about 15 minutes for the probe to polarize.

7.1.4 Turn the control knob to ZERO and adjust
6. Apparatus if

6.1 Dissolved oxygen meter Yellow Springs 7.13 Turn the salinity knob to FRESR A salin-
Instruments (YSI) Model 57 ity correction will not be needed because the call-

6.2 Yellow Springs Instruments (YSI) 5739 bration is performed with distilled water.

dissolved-oxygen probe. 7.1.6 Insert the probe about 4 centimeters (cm)

63 Bottle of electrolyte and extra membranes into the open end of the bottomless plastic storage

for rirobe. bottle containing a small sponge soaked with
deionized water. Ensure that there is a

6.4 Sodium sulfite and cobaltous chloride, between the probe and bottle and that there ae-flo

6.5 Distilled or deionized water in a squeeze droplets of water on the probe membrane.-
wash bottle. 7.1.7 Allow at least 1 tesJdcthe system to

6.6 Kimwipes® or equivalent lint-free tissue. reach constant te pafure..artc(100 perent rla-
tive humidity BE carel11atjbis step is carried

6.7 Flow cell, see Standard Practice for the Use out in a constant teen eitvironment. lypi-
of a Plow Cell for Field Measurements [LQ4OCI)J. cafly,,bathe the bottlefñ a of the water to be

tested, or at least keep..tk(bottle in the shade dur-
7 Calibration ingequilibration.

71 The following steps describe the calibration 71 &-Turn the metercontrol knob to TEMP
of the YSI Model 57 meter and the YS15739 probes poszton and read the temperature inside the bottle
in water-saturated air

' to therfearest 0.5 °C

711 AdjustthemechanicalzEROwithtké 719 DeterxnmetheDOsaturationvaluei.n
instrument turned OFP part per million (ppm) for that temperature from

71.2 Turn the cgntrol knob to the
Table 1

position and adjust if necessary 7110 Determine the correction factor from
- Table 2 on the basis of either the atmosphenc

pressure (most accurate method) or the altitude

Table 1 Dissolved Oxygen Saturation Values at Various Temperatures

i.mp V&u•
(ppm)

Valu•
(ppm)

•

St
Valu.
(ppm) .

Sate
VaIu•
(ppm)

0 14.6 12 10.8 35 8.5 36 7.0

1 14.2 13 10.6 25 8.6 37 6.8

2 13.9 14 10.4 26 8.2 38 6.7
3 13.5 15 10.2 27 8.1 39 6.6

4 13.2 16 9.9 28 7.9 40 6.5

5 12.8 17 9.7 29 7.8 41 6.4
6 12.5 18 9.5 30 7.7 42 6.3

7 12.2 19 9.3 31 7.5 4.3 6.2
8 11.9 20 9.2 32 7.4 44 6.1

9 11.6 21 9.0 33 7.3 45 6.0

10 11.3 22 8.8 34 7.2
11 11.1 23 8.7 35 7.1
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7.14 Leave the meter turned on during the entire 
day on which measurements are being taken. 

Note If the high sensitive membrane (0.0005-
inch thick FEP Teflona) is being used on the 
probe, the DO readings from the meter must all be 
divided by 2 to obtain the true DO value. 

8. Procedure 

8.1 The following steps outline the field 
measurement of dissolved oxygen using the YSI 
Model 57. 

8.1.1 Remove the probe from the oragglynttie 
and place it in the solution tobeineasured. An in 
situ measurement is prefzerred. If,the sample is 
being pumped from.ewellthe'measurement shall 
be made in an aiKexcluston cell 

8.1.2 Move the probe-through the water or 
pump through a flow cejlitivensure a velocity of at 
least 1 foot per secon4ast the probe. This prevents 
depletion of oxygen at the membrane-water 
interface 

'8.1.,32rum-the meter control knob to TEMP 
position and record the temperature to the nearest 
0.5 °C. 

8.1.4 Turn the meter control knob to the proper 
DO scale; after the meter reading has stabilized, 
record DO concentration to the nearest 0.1 mg/L. 

Note If the the high-sensitive membrane 
(0.0005-inch thick FEP Teflon®) is being used, the 
readings need to be divided by 2 to obtain the DO 
concentration. 

8.13 Remove the probe, rinse with distilled 
water, blot dry, and return the probe to the 
storage bottle. 

9. Quality Assurance 

9.1 The following information about the field 
measurement of dissolved oxygen shall be logged 
for quality-assurance documentation: 

9.1.1 Date and time zero check was last 
performed. 

9.1.2 Atmospheric pressure or altitude. 

9.13 Temperature of calibration chamber. 

9.1.4 DO saturation from table. 

9.15 Correction factor used for altitude or 

Pressure 
(mm) 

775 
760 
745 
730 
714 
699 
684 
669 
654 
638 
623 
608 
593 
578 
562 
547 
532 
517 
502 

Altitude 
(ft) 

-540 
0 

542 
1094 
1688 
2274 
2864 
3466 
4082 
4756 
5403 
6065 
6744 
7440 

- 8204 
„-8939 

9694 
10472 
11272 

Correction 
Factor 

1.02 
1.00 
0.98 
0.96 
0.94 
0.92 
0.90 
0.88 
0.86 
0.84 
0.82.  
0.80 
078 
0.76 
0.74 
0/2 
0.70 
0.68 
0.66 
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above sea level.Srables 1 and 2 are also available 
on the back of the YSI 57). 

Table 2. Correction Factors for Dissolved Oxygen 
Saturation Values as Determined by 
Pressure or Altitude 

7.11 Multiply the correction factor by the satura-
tion value to obtain the calibration value. 

7.12 Turn the meter control knob to the desired 
range and adjust the calibration knob to set the 
meter to the calibration value. 

7.13 Perform zero oxygen check as follows. Pre-
pare a solution containing 1 gram of sodium sulfite 
(Na2503) and about 1 milligram of cobaltous chlo-
ride (CoC12) in 1 liter of deionized water. Insert the 
probe into this solution and measure the dissolved 
oxygen. The instrument will read less than 0.2 mil-
ligram per liter (mg/L) if the probe is functioning 
properly. 

Caution: These chemicals are toxic in the con-
centrated form. Avoid eye and skin contact by 
wearing eye protection and disposable gloves. 

pressure. 
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above sea leveL(Tab1es I and2 are also available
on the back of the YSI 57).

Table 2. Correction Factors for Dissolved Oxygen
Saturation Values as Determined by
Pressure or Altitude

Pressure Altitude Correction
(mm) (It) Factor

775 —540

760 0

745 542
730 1094
714 1688

699 2274
684 2864
669 34.66

654 4082
638 4756
623 5403
608 6065
593 6744
578 7440
562
547 8939
532' ' ' " 9694
517 10472
502 11272

7.11 Multiply the correction factor bythe satura-

tion value to obtain the calibration value.

7.12 Turn the meter control knob to the desired
range and adjust the calibration knob to set the
meter to the calibration value.

7.13 Perform zero oxygen check as follows. Pre-
pare a solution containing 1 gram of sodium sulfite
(Na2SO3) and about 1 milligram of cobaltous dilo-
ride (CoCl) in 1 liter of deionized water. Insert the
probe into this solution and measure the dissolved
oxygen. The instrument will read less than 0.2 mil-
ligram per liter (mg/L) if the probe is functioning
properly.

Caution: These chemicals are toxic in the con-
centrated form. Avoid eye and skin contact by
wearing eye protection and disposable gloves.

7.14 Leave the meter turned on during the entire
day on which measurements are being taken.

Note If the high sensitive membrane (0.0005-
inch thick FEPTeulon®) is being used on the
probe, the DO readings from the meter mustallbe
divided by 2 to obtain the true DO value.

8. Procedure

8.1 The following steps outline the field
measurement of dissolved oxygen using the YSI
Model 57.

8.1.4 Turn the meter control knob to the proper
DO scale; after the meter reading has stabilized,
record DO concentration to the nearest 0.1 mg/L.

Note If the the high-sensitive membrane
(0.0005-inch thick FEP Teflon®) is being used, the
readings need to be divided by 2 to obtain the DO
concentration.

8.13 Remove the probe, rinse with distilled
water, blot dry, and return the probe to the
storage bottle.

9. QualIty Assurance

9.1 The following information about the field
measurement of dissolved oxygen shall be logged
for quality-assurance documentation:

9.1.1 Date and time zero check was last
performed.

9.1.2 Atmospheric pressure or altitude.

9.13 Temperature of calibration chamber.

9.1.4 DO saturation from table.

9.1.5 Correction factor used for altitude or
pressure.

'1 .9-3
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1.02
1.00
0.98 8.1.1 Remove the probe from th6rag.bftle
a and place it in the solution to bemeasured. An in

094 situ measurement is prerred I the sample is
being pumped fro llhe measurement shall

0.92 be made in an airexdpsi6n cell.
0.90 ,- _-\ .
0 81.2 Move the prQbeThropgh the water or

086 pump through a flow ceM6'ensure a veloQty of at
least ifoot per second'past the probe. This prevents

084 depletion of oxygen at the membrane-water
0 82. interface
080

8 i. Turn the meter control knob to TElvil'
078 position and record the temperature to the nearest
076 -— 0.5°C.
074.

.0.72
0.70
0.68
0.66
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9.1.10 Name of person performing the 

measurement 

10. Precision and Bias 

10.1 Under normal conditions, precision an 
accuracy of t 0.5 mg/L can be expected from 
this procedure. 
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9.1.6 Calibration value. 

9.1.7 Sample temperature. 

9.1.8 Measured DO. 

9.1.9 Instrument manufacturer and model 
number. 
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9.1.6 Calibration value.

9.1.7 Sample temperature.
9.1.8 Measured DO.

9.1.9 Instrument manufacturer and model
number.
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57 109
9.1.10 Name of person performing the

measurement

10. Precision and Bias

10.1 Under normal conditions, precision an
accuracy of 0.5 mg/L can be expected from
this procedure.
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Standard Practice for the Use of a 
Flow Cell for Field Measurements 

Introduction 

Reliable field measurements are an essential part of a groundwater sampling program. 
Some properties or constituents in groundwater may change considerably within a few 
minutes of collection. The changes are caused by turbulence, heating or cooling, 
depressurization, and gas exchange with the atmosphere. Use of a closed flow-through cell 
will minimize these changes. 

L Scope 

1.1 This procedure describes the use of a closed 
flow-through cell for monitoring selected chemical 
parameters in groundwater. The cell is used when 
monitoring the purging of stagnant water from 
monitoring wells prior to sample collection and for 
the measurement of pH, Eh, conductivity, tempera-
ture, and dissolved oxygen under conditions as 
dose to in situ as practical A flow-through cell can 
be purchased from various suppliers or canitecon-
structed as described in references 3.1 and 3.2. \ 

2. Hazard Analysis 	 lj 

2.1 No hazardsreqtunng controls, have been. 
identified. Site‘spedfic  controls are available in the-
planning-documents for a particular project 

3. Referenced Documents/ 

3.1 Garske, E.,-and R.,SChocic, "An Inexpensive 
Flow-Through Celland Measurement System for 
Monitoring Selected Chemical Parameters in 
Ground Water," Ground Water Monitoring Review, 
Summer 1986. 

32 Korte, N., and D. Ealey, Procedures for Field 
Chemical Analyses of Water Samples, Technical Mea-
surements Center, U.S. Department of Energy, 
Grand junction Area Office, GJ/TMC-07(83), 1983. 

33 Wood, W.W., "Guidelines for Collection 
and Field Analysis of Ground-Water Samples for 
Selected Unstable Constituents," Chapter D2 in 
Techniques of Water-Resources Investigations of the 
United States Geological Survey, Book 1, 1976. 

4. Significance and Use 

4.1 Flow cells allow the sampler to obtain test 
results that are more representative of conditions 
found in the water when it resided in the ground. 

That is, fewer chemical and physi 
if the test is made immediately,thfough xfrow cell 
than if the water is exposed to-  air and to &longer 
period of time befor ateasuentents are made. 

5. ApparatUs 

5.1 Flow-through 

.52 Stoppers, fittings, valves, and tubing, as 
required. 

Pzotedure 

6.1 Connect the pump outlet to the inlet of the 
flow cell. 

62 Insert calibrated electrodes into the flow cell. 

63 Turn on the pump and pump the water 
through the flow cell and into a container where 
the pH buffers and other calibrating solutions are 
submerged to allow them to reach the sample-
water temperature. Another technique to get cali-
brating solutions dose to sample temperature is to 
store the solutions in an ice chest with ice. The 
requirement is to have the calibrating solutions 
within ±10 degrees of the sample temperature. 

6.4 Once temperature equilibrium has been 
established between the sample water, electrodes, 
and calibrating solutions, the electrodes shall 
be recalibrated. 

6.5 Recheck electrode calibration as necessary 
during the purging of the well and just prior to 
sampling. 

6.6 Turn off the pump, disconnect the tubing, 
and remove the electrodes form the flow cell. 

6.7 Clean the flow cell with distilled water and 
prepare for sample collection. 

cur 
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Introduction

3 Referenced Documents

3.1 Garske, E., and R.Séhock, "An Inexpensive
Flow-Through CeUand Measurement System for
Monitoring Selected Chemical Parameters in
Ground Water," GroundWaterMonitoring Reuiew,
Summer 1986.

3.2 Korte,N.,and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical Mea-
surentents Center, U.S. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

33 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Chapter D2 in
Techniques of Water-Resources Investigations of the
United States G,logical Surrry, Book 1,1976.

4. Significance and Use

4.1 Flow cells allow the sampler to obtain test
results that are more representative of conditions
found in the water when it resided in the ground.

6.2 Insert calibrated electrodes into the flow cell.

6.3 Turn on the pump and pump the water
through the flow cell and into a container where
the pH buffers and other calibrating solutions are
submerged to allow them to reach the sample-
water temperature. Another technique to get cali-
brating solutions close to sample temperature is to
store the solutions in an ice chest with ice. The
requirement is to have the calibrating solutions
within degrees of the sample temperature.

6.4 Once temperature equilibrium has been
established between the sample water, electrodes,
and calibrating solutions, the electrodes shall
be recalibrated.

6.5 Recheck electrode calibration as necessary
during the purging of the well and just prior to
sampling.

6.6 Turn off the pump, disconnect the tubing,
and remove the electrodes form the flow cell.

6.7 Clean the flow cell with distilled water and
prepare for sample collection.

Reliable field measurements are an essential part of a groundwater sampling program.
Some properties or constituents in groundwater may change considerably within a few
minutes of collection. These changes are caused by turbulence, heating or cooling,
depressurization, and gas exchange with the atmosphere. Use of a closed flow-through cell
will minimize these changes.

L Scope That is, fewer chemical and physicaLchangeccur
if the test is made immediately thtóugh allow cell

1.1 This procedure desaibes the use of a dosed than if the water is exposed t'óair and to adoriger
flow-through cell for monitoring selected ClieflUCal period of time be ez(asurentents are made.
parameters in groundwater. The cell is used when
monitoring the purging of stagnant water from 5 Amonitoring wells prior to sample collection and for
the measurement of pH, Eh, conductivity, tempera- 5.1 Flow-through celL-
ture, and dissolved oxygen under conditions as
dose to in situas practical. A flow-through cell n 5.2 Stoppers, fittings, valves, and tubing, as

be purchased from vanous suppliers or can he con- required.
sthicted as descibed in references 31 and 3.2.

6T Pxecedure
2. Hazard AItalySIs ) L. 61 Connect the pump outlet to the inlet of the

2.1 No hazards.recjiiring controls have been ow cell.
identified Site-speci&controls are available in the
planning'documertth for a particular project

B1 .10—1
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7. Procedure Bias 

7.1 The flow rate through the cell shall not be 
more than 1 liter per minute (L/m). If flow rates 
exceed 1 Lim, streaming potentials could occur. 
Streaming potentials are caused by the static-
charge effect of water moving through small open-
ings. These potentials can cause erroneous pH 
readings. If necessary, reduce the flow rate or stop 
pumping to take readings. 

din Geotech 
57 112 

7.2 The cell assembly, electrodes, and hoses 
should be insulated or kept out of direct sunlight 
to reduce the effect of atmospheric temperature on 
the readings. 

8. Quality Assurance 

8.1 The use of a closed flow-through cell should 
be noted on the sample documentation form or in 
the field logbook. 

B1.10-2 

7. Procedure Bias

7.1 Theflow rate through the cell shall not be
more than 1 liter per minute (1./rn). If flow rates
exceed 1 L/rn. streaming potentials could occur.
Streaming potentials are caused by the static-
charge effect of water moving through small open-
ings. These potentials can cause erroneous pH
readings. If necessary, reduce the flow rate or stop
pumping to take readings.
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7.2 The cell assembly, electrodes, and hoses
should be irsulated or kept out of direct sunlight
to reduce the effect of atmospheric temperature on
the readings.

8. Quality Assurance

8.1 The use of a closed flow-through cell should
be noted on the sample documentation form or in
the field logbook.

LQ—1O(P)
5/90 Rev. 0
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WithiIiialtic Pump 
Wkh a Bladder Pump 
WAth a Bailer 
ith a Submersible Pump 

With a COLIWASA Sampler 
With a Dip Type Sampler 
By Container Immersion 
From Taps, Valves, or Faucets 
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tic Pump
a Bladder Pump

th a Bailer
th a Submersible Pump

With a COLIWASA Sampler

With a Dip Type Sampler
Sampling By Container Immersion
Sampling From Taps, Valves, or Faucets
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE 

PROCEDURE 	 Standard Practice for the Sampling of Liquids 

PROJECT or SITE 	Air Force Plant 4 

Sampling of Liquids Using Bailers - Support Line 

Bailers used for monitor well sampling or purging shall be lowered and raised 
with a Teflon coated, stainless steel braided line. This line wil, 
decontaminated after use at each well following the methods oullned 
Section A-13. If the fluid level measurements taken prior,tasampiing 
indicate the presence of a light nonaqueous phase liqu ,(LNAFE1, a disposable 
nylon line shall be used for bailing operations an 	isp ad of upon 
completion of activity at each well. 

B1 .11 

57 114

SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Practice for the Sampling of Liquids

PROJECT or SITE Air Force Plant 4

Sampling of Liquids Using Bailers — Support Line

Bailers used for monitor well sampling or purging shall be lowered and raised
with a Teflon coated, stainless steel braided line. This line wiiL—\
decontaminated after use at each well following the methods ouUirñed,,i.i?
Section A—13. If the fluid level measurements taken priorVo sampling
indicate the presence of a light nonaquecus phase liquj(LNAPL. a disposable
nylon line shall be used for bailing operations an4-dispgsd of upon
completion of activity at each well.

—
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Standard Practice for the Sampling of Liquids 
Introduction 

The type of sampling equipment shall depend on the sample to be collected, which 
analytes the sample is being collected for, and the site-specific requirements such as depth 
to water, depth of well, etc. Because each sampling situation is unique, the equipment used 
and its application may have to be modified to ensure that a representative sample is 
collected and its physical and chemical integrity is maintained. 

1. Scope 

1.1 The procedures listed here are used to collect 
liquid samples. There are eight methods that can 
be used to collect liquid samples. Some sampling 
situations use a combination of these methods. For 
example, a peristaltic pump could be used to collect 
the inorganic samples and a bailer used to collect 
the organic samples. The eight methods are 

Section 
Method A—Sampling With a 
Peristaltic Pump 	 5-7 

Method B—Sampling With a Bladder Pump 8,7-10 

Method C—Sampling With a Bailer' 	) 14-13 
Method D—Sautpling Witha 
Submersible Pump -- 1 

MethOd E--Sampling With a Composite 
Liquid Waste Sampler (COLIWASA) 

Method F—Sampliitg With a Dip- 
Type Sampler 	 20-22 

Method G—SaMpling by Container 
Immersion 	 23-25 

Method H—Sampling From Taps, Valves, 
or Faucets 

Method A 
Sampling With a Peristaltic Pump 

2. Hazard Analysis 

2.1 These procedures use gasoline-powered 
electric generators, gasoline-powered air compres-
sors, and battery-powered pumps and accessories. 
The following safety precautions shall be followed. 

2.1.1 Air compressors that are belt-driven shall 
have a belt guard in place. 

2.1.2 Care shall be taken when connecting and 
disconnecting equipment powered by lead-acid  

batteries so as not to generate sparks that ave the 
potential of creating an explosive hazard.';  

2.1.3 Gasoline is a Department of 
Transportation-regulated Material its hazard class 
is Flammable LigtiicCGasollite shall be stored in 
Factory Mutuat-ip 	"fed safety cans. Safety cans 
shall be well 	ed inthe'vehicle duringtrans- 
port. Gasoline-powered equipment shall be cool 
before filling, and 9reshould be taken not to spill 
any gasoline. 

11.4 Air'compressors shall not be operated 
,aboim rated capacities and shall be configured so 
as not to have any dead-end fittings above 20 
pounds per square inch (psi). 

2.13 Care shall be taken when lifting heavy 
equipment proper lifting techniques shall be used. 

2.1.6 Site-specific controls are available in the 
planning documents for a particular site. 

3. Referenced Documents 

3.1 American Society for Testing and Materials, 
Standard Guide for Sampling Groundwater Monitoring 
Wells, D4448-85a, 1986. 

3.2 U.S Department of Energy, The Environmen-
tal Survey Manual, Appendix E, Volume 4, 
DOE/EH-0053,1987. 

3.3 U.S. Environmental Protection Agency, 
Handbook Groundwater, EPA/625/6-87/016,1987. 

3.4 U.S Environmental Protection Agency, 
Practical Guide for Groundwater Sampling, 
EPA/600/2-85/104,1985. 

33 U.S Environmental Protection Agency, 
Test Methods for Evaluating Solid Waste (SW-846), 
Volume 2, 1986. 

4. Significance and Use 

4.1 The usefulness and limitations for each 
of the first four sampling methods are listed in 

17-19 

26-28 
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Standard Practice for the Sampling of Liquids

Introduction
The type of sampling equipment shall depend on the sample to be collected, which

analytes the sample is being collected for, and the site-specific requirements such as depth
to water, depth of well, etc. Because each sampling situation is unique, the equipment used
and its application may have to be modified to ensure that a representative sample is
collected and its physical and chemical inteity is maintained.

1. Scope batteries so as not to generate sparks thathave the

1.1 The procedures listed here .' to potential of eating an explosive hazath.

liquid samples. There are eight methods that can 2.1.3 Gasoline is a Depaxent of
be used to collect liquid samples. Some sampling Tnsportationrelatedmatialits hazard class
situations use a combination of these methods For is Flammable idGaoUne shall be stored in
example, a peristaltic pump could be used to collect Factory Mut apo9edsafey cans. Safety cans
the inorganic samples and a bailer used to collect shall be well sectited inthe vehicle duringans-
the organic samples The eight methods port. Gasoline-poweed eqpment shall be cool

bef ore filling, and carhould be taken not to spill
Section

any gasoline.
-

Method A—Sampling With a
Peristaltic p 1L4 Air compreesors shall not be operated

above rated capaties and shall be configured so
Method B—Sampling With a Bladder Pump 8-10 as not to have any dead-end fltbngs above 20

Method C—Sampling With a Bailer 14.43 pounds per square inch (psi).

Method D—Santpling With a —' v 2.1.5 Care shall be taken when lifbng heavy

Submersible 'uxnp—
— eqtupment proper liftuig techniques shall be used..

Method E—5mpling With a Composite 2.1.6 Site-specific contiols are available in the

Liquid Waste Sampler (COL1WASA) 17—19
planning documents for a particular site

Method F—Sampling !Y]tha P 3. Referenced Documents
Type Sampler - 20-22

3.1 American Society for Testing and Materials,
Method G—Sampling by Container Standard Guide for Sampling Groundwater Monitoringersion 23-25 Wells, D4448-85a, 1986.
Method H—Sampling From Taps, Valves, U.S. Department of Energy, The Environmen-a 2628 tal Suroey Manual, Appendix E, Volume 4,

DOE/-O053, 1987.
Method A 3.3 U.S. Environmental Protection Agency,

Sampling With a Peristaltic Pump Handbook Groundwater, EPA/625/6-87/016, 1987,

2. H27-ard Analysis 3.4 US. Environmental Protection Agency,
Pruthcal Guide for Groundwater Sampling,

2.1 These procedures use gasoline-powered A/600/2-85/104, 1985.
electric generators, gasoline-powered air compres- 3.5 U.S. Environmental Protection Agency,
sors, and battery-powered pumps and accessories. Tt Methods Er7ling Solid Waste (SW-846),
The following safety precautions shall be followed. Volume 2,1986.

2.1.1 Air compressors that are belt-driven shall
have a belt guard in place. 4. Significance and Use

2.1.2 Care shall be taken when connecting and 4.1 The usefulness and limitations for each
disconnecting equipment powered by lead-add of the first four sampling methods are listed in

1.11-1



8.3 Teflon®,polye 
the air and sampl 

r vinyl tubingfor 

9". Procedure 

9.1-- The following procedure is supplemental 
to the instruction in_the instrument-specific operat- 
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General Considerations for the Sampling 
[LQ-1(G)J, Table 1 through Table 5. COLIWASA 
samplers are useful to obtain representative sam-
ples of multiphase materials from drums or other 
containerized vessels. Limitations are their relative 
high costs and the difficulty of decontaminating the 
sampler. Dip samplers only collect grab samples 
with a limited vertical extent. The sampler must be 
aware of this limitation and also exclude surface 
debris or films from liquid surfaces if this is not de-
sired. Contamination from plumbing is a primary 
concern when sampling taps, valves, or faucets. 

5. Apparatus 

5.1 Peristaltic-type pump. 

5.2 Silicone, C-FLEX®, or Norprene® tubing 
for the pump head. 

5.3 Silicone, Teflon®, polyethylene, or vinyl 
tubing for placing in the liquid to be sampled 
(suction line). 

5.4 Generator or other source of electricity. 

6. Procedure 
• 

6.1 The following,prOcedure supplements the,  

instruction in theinstrume.nt-speciflc operating 
manuaL 

6.1.1 Place the suction line in the liquid to be 
sampled. If sampling a monitoring well, place the 
tubing inlet just above the screened intervaL 

6.1.2 Connect the-suction line to the pump. 

6.1.3 Turn on the pump and adjust the flow rate 
so sample turbulence is at a minimum. Allow sev-
eral liters to flow and recheck stability parameters 
(i.e., pH, conductivity, and temperature). 

6.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

6.1.5 Label, preserve, and document the sam-
ples as required. 

6.1.6 Remove the tubing from the liquid and 
clean and decontaminate as required.  

7. Procedure Bias 

7.1 Sampling organics using a peristaltic pump 
is not recommended.. The suction lift action will 
strip volatiles and degas the sample. The silicone 
tubing tends to absorb some organics and slowly 
release them, contaminating subsequent samples. 

Method B 
Sampling With a Bladder Pump 

-------. .--"-"'-''' 8.1 Bladder-type pump. ,,,,,-- 

8.2 Air compressor 	\ ....---- 

9.1.1 Lower the pump gently to a position just 
above the savened interval. 

9.12 Connect the air line to the pump controller. 

9.1.3 Initiate pumping and allow several liters 
of water to be pumped prior to sample collection 
(recheck stability parameters, i.e., pH, conductiv-
ity, and temperature). 

9.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

• 
9.15 Label, preserve, and document the sam-

ples as required. 

9.1.6 Remove the pump from the well, clean 
and decontaminate as required. 

10. Procedure Bias 

10.1 Bladder-nrpe pumps constructed of stain-
less steel, Teflongv, or both provide superior perfor-
mance for most applications. The use of Teflon® 
sample- and air-line tubing allows the bladder 

8. Apparatus 

B1 .11-2 
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General Considerations for the Sampling
ELQ—1(G)], Table I through Table 5. COLIWASA
samplers are useful to obtain representatwe sam-
ples of multiphase materials from drums or other
containerized vessels. Limitations are their relative
high costs and the difficulty of decontamirtang the
sampler. Dip samplers only collect grab samples
with a limited vertical extent. The sampler must be
aware of this limitation and also exclude surface
debris or films from liquid surfaces if this is not de-
sired. Contamination from plumbing is a primary
concern when sampling taps, valves, or faucets.

5. Apparatus

5.1 Peristaltic-type pump.
52 Silicone, CFLEX®, or Norprene® tubing

for the pump head.

5.3 Silicone, Teflon®, polyethylene, or vinyl
tubing for pladng in the liquid to be sampled
(suction line).

6. Procedure

6.1.3 Turn on the pump and adjust the flow rate
so sample turbulence is at a minimum. Allow sev-
eral liters to flow and recheck stability parameters
(i.e., pM, conductivity, and temperature).

6.1.4 FIll the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

6.1.5 Label, preserve, and document the sam-
ples as required.

6.1.6 Remove the tubing from the liquid and
clean and decontaminate as required.

7. Procedure Bias

UNC Geotech
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7.1 Sampling organics using a perisb.ltic pump
is not recommended.. The suction lift action will
sfrip volatiles and degas the sample. The silicone
tubing tends to absorb some organics and slowly
release them, contaminating subsequent samples.

Method B
Sampling With a Bladder Pump

8. Apparatus

8.2 Air

8.3 Teflon®
the air and

9 Procedure

9.1.2 Connect the air line to the pump conolier.

9.13 Initiate pumping and allow several liters
of water to be pumped prior to sample collection
(recheck stability parameters, i.e., pH, conductiv-
ity, and temperature).

9.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

9.1.5 Label, preserve, and document the sam-
pies as required.

9.1.6 Remove the pump from the well, clean
and decontaminate as required.

10. Procedure Bias

10.1 Bladder-ype pumps consrcted of stain-
less steel, Teflort, or both provide superior perfor-
mance for most applications. The use of Teflon®
sample and air-line tubing allows the bladder

8.1 Bladder-type pump.

91 The follDwmg procedure 25 supplemental
54 Generator or other source of electridty to the nstiuction irLthe u2sument-speQflc operat-

- ingrnaxuaL
911 Lower the pump gently to a position just

61 The follow ng procedure supplements
above the saeened intervaL

insth.icton in theinstrument-speañc operating
manuaL '-'

6.1.1 Placethesuctionlineintheljquidtobe
sampled. If sampling a monitoring well, place the
tubing inlet just above the séened intervaL

6.1.2 Connect the-Suction line to the pump.

Bi .11-2
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pump to be used for the collection of organics. The 
main disadvantage is the slow pumping rate, large 
consumption of compressed air, and difficulty in 
cleaning and decontaminating. 

Method C 
Sampling With a Bailer 

1L Apparatus 

11.1 Teflon® or stainless steel bailer. 

11.2 Teflon® or stainless steel cable or line. 

113 Bailer reel. 

12. Procedure 

12.1 Attach a properly cleaned bailer to the 
cable or line. 

12.2 Lower the bailer slowly until it contacts the 
liquid. 

12.3 Allow the bailer to sink until it-reaches the 
screened interval of the well or the desired sarctr 
piing point. 

12.4 Slowly raisethe bailer to the surface. 

12.5 Tip,the bailer or use a bottom-emptying'̀   
device-and fill,a'Container to recheck the 
stability parameters (i.e., pH, conductivity, and 
temperature). 

12.6 Repeat steps 12.2" through 12.5 as many 
times as necessarrto fill the sample bottles. 

12.7 Label, preserve, and document the samples 
as required. 

12.8 Clean and decontaminate the bailer as 
required. 

13. Procedure Bias 	. 

13.1 Bailers constructed of Teflon®, stainless 
steel, or both provide adequate performance for 
most applications. Bailers expose part of the sample 
to the atmosphere during sample withdrawal and 
should not be used to collect samples where con-
tact with the atmosphere is important (i.e., field 
measurement of dissolved oxygen and Eh). A 
bottom-emptying device is recommended for the 
collection of volatile organics using a bailer. 

Method D 
Sampling With a Submersible Pump 

14. Apparatus 

14.1 Submersible-type pump. 

14.2 Discharge tubing of vinyl, polyethylene, or 
Teflon®. 

143 Power source of generator or batteries. 

15. Procedure 

15.1 The following procedureis su emental 
to the instructions provided-in the instrument-
specific operating marrual. 

15.1.1 Set,erpthep imp according to the 
operating inanuati„,--"" 

z  
15.1.2 Gently-lower-t e pump to a position Just 

above the sceeneenterval. 
• 15.13 Initiate pumping and allow several 

tubing volumesof liquid to be pumped prior to 
'Sample Collection. Recheck stability parameters, 

pH, conductivity, and temperature). 

15.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the 
side of the bottle with minimal turbulence. 

15.1.5 Label, preserve, and document the sam-
ples as required. 

15.1.6 Remove the pump, clean and decontami-
nate as required. 

16. Procedure Bias 

16.1 Considerable sample agitation results 
when using a submersible pump. Submersible 
pumps are not recommended for the collection of 
dissolved gases, organics, or oxidation/reduction-
sensitive samples. They also have a higher poten-
tial of sample contamination because of the 
construction materiaL 

Method E 
Sampling With a COLIWASA Sampler 

17. Apparatus 

17.1 COLIWASA-type sampler constructed of 
stainless steel, Teflon®, polyethylene, or glass. 

B 1 . 1 1 - 3 
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pupt be usEd for the collection of organi. The
main disadvantage is the slow pumping rate, large
consumption of compressed air, and difficulty in
cleaning and decontaminating.

12. Procedure

Method C
Sampling With a Bailer

12.1 Attach a properly cleaned bailer to the
cable or line.

12.2 Lower the bailer slowly until it contacts the
liquid.

12.6 Repeat steps 12.Z through 12.5 as many
times as necessaxy'tà fill the sample bottles.

12.7 Label, preserve, and document the samples
asrequirecL

12.8 Cean and decontaminate the bailer as
required.

13. Procedure Bias

13.1 Bailers constucted Of Teflon®, stainless
steel, or both provide adequate performance for
most applications. Bailers expose part of the sample
to the atmosphere during sample withdrawal and
should not be used to collect samples where con-
tact with the atmosphere is important (i.e., field
measurement of dissolved oxygen and Eli). A
bottom-emptying device is recommended for the
collection of volatile organica using a bailer.

LQ-11(P)

575/9O
Method D

Sampling With a Submersible Pump

13.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

15.1.5 Label, preserve, and document the sam-
pies as required.

15.1.6 Remove the pump, clean and decontami-
nate as required.

16. Procedure Bias

16.1 Considerable sample agitation results
when using a submersible pump. Submersible
pumps are not recommended for the collection of
dissolved gases, organi, or o,ddation/reduction-
sensitive samples. They also have a higher poten-
tial of sample contamination because of the
constiacon materiaL

Method E
Sampling With a COLIWASA Sampler

17. Apparatus
17.1 COLIWASA-type sampler consucted of

stainless steel, Teflon®, polyethylene, or glass.

Bi .11—3

14. Apparatus

14.1 Submersible-type pump.

14.2 Discharge tubing of vinyl, polyethylene, or
Teflon®.

11. Apparatus 14.3 Power source of generator or batteries.

11.1 Teflon® or stainless steel bailer. 15. ced
11.2 Teflon® or stainless steel cable or line. .

15.1 The following procedure' is suppenienthl
11.3 Bailer reel. to the instructions providedin the insthument-

specific operating nianl.
15.1.1 Setti thepomp according' to the

operating xnanual ,,.-"
151.2 Gerttlyiowerthe pump to a positon just

above the seenethnterva1.

151.3 Initiate pumping and allow several
12.3 Allow the bailer to sink until itieaches the tubing volumes of liquid to be pumped prior to

seened interval of the well or the desired sam- sample collection. Recheck stabthty parameters,
p1mg point. (i.e pH, conductivity, and temperature)

12.4 Slowly raise the bailer to the surface.

12.3 Tip the bailer-or use a bottom-emptymg
deviceand flfla'container to recheck the
stability parameters (i.e., pH, conductivity, and
temperature).
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17.2 Teflon®, stainless steel, or nylon suspen-
sion line. 

173 Disposable gloves. 

17.4 Kimwipes® or equivalent lint-free tissue. 

18. Procedure 

18.1 Slowly lower the sampler into the liquid 
to be sampled. Lower the sampler at a rate that 
permits the levels of liquid inside and outside the 
sample tube to be about the same. 

18.2 When the sample interval has been 
reached, seat the bottom check valve. 

18.3 Slowly withdraw the sampler with one 
hand while wiping the outside of the sampler 
using a disposable tissue. 

18.4 Carefully discharge the sample into the 
sample container. 

185 Repeat steps 18.1 through 18.4 as many 
times as necessary to fill all the sample bottle:5:N 

18.6 Clean and decontaminate the sampler 
as required. 

19. Procedure Mai 

19.1 the Ol..LIArASA-type sampler is appropri-
ate for collecting samples of containerized liquids. 
The material of construction should be considered 
for the particular type of liquid- to be sampled. A 
COLIWASA sampler is aLso difficult to decontami-
nate adequately. „, 

Method F 
Sampling With a Dip-Type Sampler 

20. Apparatus 

20.1 Dip-type sampler constructed of Teflon®, 
stainless steel, polyproplylene, or gang,  

21. Procedure 

21.1 Assemble the sampler. 

21.2 Slowly submerge the sampler into the 
liquid to be sampled causing minimal surface 
disturbance. 

21.3 Retrieve the sampler from the liquid caus-
ing minimal surface disturbance. 

iii: ; Geotech 
57 118 

21.4 Slowly empty the sampler into the sample 
bottle allowing the sample to flow gently down the 
side of the bottle. 

215 Repeat steps 21.2 through 21.4 as many 
times as necessary to fill all of the sample bottles. 

21.6 Clean and decontaminate the sampler 
as required. 

22. Procedure Bias 

22.1 A dip-type sampler is appropriated 
surface liquids such as ponds, open,tarircs, pits; 
lagoons, and sewers. It can only-beused 16r a grab-
type sample, and its matetiarof construction shall 
be compatible with 	ttibe sampled and 
the analytes of inter-es 

M d G 
Sampling by' ontainer Immersion 

23. Apparatus 

23,1--Sampre container. 

23.2 Disposable gloves. 

233 Distilled or deionized water in a squeeze 
bottle. 

23.4 Kimwipes or equivalent lint-free tissue. 

24. Procedure 

24.1 After putting on the appropriate gloves, 
submerge the sample bottle below the liquid sur-
face. If the liquid is flowing, point the bottle up-
stream. 

24.2 Allow the container to fill to the desired 
volume. 

243 Remove the container, cap and rinse the 
container's outside surface with clean water, and 
dry with a tissue. 

24.4 Label and preserve the sample as required. 

25. Procedure Bias 

25.1 The container-immersion method can only 
be used to collect samples from shallow streams, 
near the shore of ponds or lakes, or from open-top 
containerized liquids. It can only be used for a 
grab-type sample and requires immersing the 
hands; it is not acceptable for highly polluted or 
hazardous liquids. 

LQ.-11(P)
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17.2 Teflon®, stainless steel, or nylon suspen-
sion line.

17.3 Disposable gloves.
17.4 Kimwipes® or equivalent lint-free tissue.

18. Procedure

18.1 Slowly lower the sampler into the liquid
to be sampled. Lower the sampler at a rate that
permits the levels of liquid inside and outside the
sample tube to be about the same.

18.2 When the sample interval has been
reached, seat the bottom check valve.

18.3 Slowly withdraw the sampler with one
hand while wiping the outside of the sampler
using a disposable tissue.

18.4 Carefully discharge the sample into the
sample container.

Method P
Sampling With a Dip-Type Sampler

20. Apparatus

20.1 Dip-type sampler cortsthicted of Teflon®,
stainless steel, polyproplylene, or glass.

21. Procedure

21.1 Assemble the sampler.

21.2 Slowly submerge the sampler into the
liquid to be sampled causing minimal surface
disturbance.

21.3 Retrieve the sampler from the liquid caus-
ixtg minimal surface disturbance.
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21.4 Slowly empty the sampler into the sample
bottle allowing the sample to flow gently down the
side of the bottle.

25 Repeat steps 21.2 through 21.4 as many
times as necessary to fill all of the sample bottles.

21.6 Clean and decontaminate the sampler
as required.

23.4 Kimwipes® or equivalent lint-free tissue.

24. Procedure

24.1 After putti.ng on the appropriate gloves,
submerge the sample bottle below the liquid sur-
face. If the liquid is flowing, point the bottle up-
stream.

24.2 Allowthecontainertoflfltothedesired
volume.

24.3 Remove the container, cap and rinse the
container's outside surface with clean water, and
dry with a tissue.

24.4 Label and preserve the sample as required.

25. Procedure Bias

25.1 The container-immersion method can only
be used to collect samples from shallow streams,
near the shore of ponds or lakes, or from open-top
containerized liquids. It can only be used for a
grab-type sample and requires immersing the
hands; it is not acceptable for highly polluted or
hazardous liquids.

1 .1H14

22. Procedure Bias

22.1 A dip-type sampler is appropriateAac\
surface liquids such as ponds, oper s, pits
lagoons, and sewers. It can only-be used f6r a grab-
type sample, and its mataIof consctlon shall
be comparible with e1Iqui4 toi,e sanLpled and
the analytes of intes- \ \

d G

Sampling byContazner Immersion
18.5 Repeat steps 181 through 184 as many

bmes as necessary to fill all the axnple bottleS 23. Apparatus .

186 Clean and decontaxxunate the sampler 23 1-ampIe container
as equired.

23.2 Disposable gloves.

19 Procedure Bias 23.3 Disfled or deionized water in a squeeze
bottle.

19.1 The COLLWASA-type sampler is appropri-
ate for collecting samples of containerized liquids.
The material of consction should be considered
for the parricular type of liquid to be sampled. A
COLIWASA sampler s also difficult to decontami-
nate adequately. —'
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Method H 
Sampling From Taps, Valves, or Faucets 

26. Apparatus 

26.1 Distilled or deioniz' ed water in a squeeze 
bottle. 

26.2 Kimwipes® or equivalent lint-free tissue. 

263 If the sample bottle cannot be placed under 
the tap, valve, or faucet, a hose or other device 
shall be attached to the outlet to allow the sample 
to be collected. 

27. Procedure 

27.1 Turn on the tap, valve, or faucet and allow 
sufficient liquid to flow to ensure that any rust or 
residue is removed from the lines and that fresh 
liquid is flowing. 

27.2 Remove the cap from the sample container 
and place the container under the source. 

27.3 Fill the sample bottle to the desiredne. 

27.4 Repeat steps 27.2 and 27 -as rnanftimes 
as necessary to fill all of the sample-COntainats.../----, 

27.5 Shut off the-tap, valve,,or faucet; clearrthe 
outside of tlae-sample-corttainerusingclean water 
and wipe ciry.,„, 

LQ-11(P) 
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27.6 Label, preserve, and document the sample 

as required. 

28. Procedure Bias 

28.1 This procedure is used to collect grab-type 
samples from piped systems. Strainers, aerators, 
and hose attachments should be removed prior to 
sample collection. The material of construction for 
the piping system influences sample impurities 
and should be documented in the field logbook. 

29. Quality Assurance 

29.1 All of the methods listed above equire the 
following information).toie logged for quality-
assurance document-adore' 

29.1.1 Date of4c6dection. 

29.1.2 Location-Of 

. 29.1.3 Sample number. 

29.1.4 Type.of sampling mechanism used 

'-'29.1.8--Container type, size, and number of sam-
ples Collected. 

29.1.6 Preservatives used. 

29.1.7 Signature of sampler. 

81.11-5 
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MethodH 27.6 LabeL preserve, and document the sample
Sampling From Taps, Valves, or Faucets as required.

26. Apparatus 28. Procedure Bias

26.1 Distilled or deionized water in a squeeze 28.1 This procedure is used to collect grab-type
bottle. samples from piped systems. Sainers, aerators,

and hose attachments should be removed prior to26.2 Kixnwipes or equivalent lint-free bssue. sample collection. The material of coristiuction for
26.3 If the sample bottle cannot be placed under the piping system inlluences sample impurities

the tap, valve, or faucet, a hose or other device and should be documented in the field logbook.
shall be attached to the outlet to allow the sample
to be collected. 29. Quality Assurance

29.1 All of the methods listed above require the£ Leure . . -

followinginformatoI).tobe logged for quality-
27.1 Turn on the tap, valve, or faucet and allow assurance documftatiqu .

sufficientliquid to flow to ensure that any rust or -f( ..residue is removed from the lines and that fresh 29.1.1 Date o pl,.eO ectiori.

liquid is flowing. , .29.1.2 Lcatior6mpIe
27.2 Remove the cap from the sample container

'
291.3 Sample ntber

and place the container under the source.
29.IA Type.of sampling mechanism used.

27.3 Fill the sample bottle to the dred voliine. 29.L5Container type, size, and number of sam-
27.4 Repeat steps 27.2 and 273s marinies) pies collected.

as necessaiy to fill all of the sample contains
2916 Preservatives used

27.5 Shut off the' tap, valve,., or faucét clearrthe '
outside of thesamp ontainerusmg clean water' 2917 Signature of sampler

aridwipedry
-
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SAMPLING LIGHT AND DENSE NONAQUEOUS PHASE LIQUIDS 

INTRODUCTION 

Light nonaqueous phase liquids (LNAPLs) are relatively insoluble organic 
liquids that are less dense than water and spread across the water table. 
Dense nonaqueous phase liquids (DNAPLs) are relatively insoluble liquids that 
are more dense than water and tend to migrate vertically through aquifers to 
the top of the underlying confining layer. Wells containing light nonaqueous 
phase liquids will not be sampled for dissolved phases. Wells cont 
dense nonaqueous phase liquids will be sampled before purging t 	wel 	or 
dissolved phase sampling. An interface probe will be lower 	into 	e well to 
detect the existence and thickness of any immiscible 1 	(s) --11ght'and/or 
dense. 

REFERENCE DOCUMENT 

U.S. EPA, 1986, RCRA Ground Water Monitoring Technic 
Document (TEGD), OSWER-9950.1, September 1986 

APPARATUS 

nforcement Guidance 

Photo,4zation detector, either an HNU, TIP II, or SIP 1000. 

iler with bottom vie. 

Separatory funnel_ (Laboratory funnel with a Teflon stopcock) 

Nylon line; Adsposed of after sampling. 

' Waste-containers. 

PROCEDURE 

1. Using a photoionization detector, scan the background area near the well 
to determine need for personnel protection. Scan inside the protective 
cover (flush mount lid or locking well cover) to determine if higher 
concentrations of organic vapors may be inside the well. Carefully remove 
the well riser cap and scan inside the casing to detect the presence of 
volatile organics. If the breathing zone has measurable volatile organic 
compounds, respiratory protection may be specified in Air Force Plant 4, 
Health and Safety Plan. 

2. Lower the interface probe slowly into the well, following the procedure 
outlined in 6.2: Water-Level Measurements Using an Interface Probe. Note 
the depth to top of fluid and top of water. Continue lowering the 
interface probe to the bottom of the well to detect the presence of any 
immiscible layers below water. If a floating layer is detected disposable 
nylon line shall be used to lower the bailer. 

B1.12-1 
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SAMPLING LIGHT AND DENSE NONAQUEOUS PHASE LIQUIDS

INTRODUCTION

Light nonaqueous phase liquids (LNAPL5) are relatively insoluble organic
liquids that are less dense than water and spread across the water table.

Dense nonaqueous phase liquids (DNAPLs) are relatively insoluble liquids that
are more dense than water and tend to migrate vertically through aquifers to

the top of the underlying confining layer. Wells containing light nonaqueous
phase liquids will not be sampled for dissolved phases. Wells cona.t1iig
dense nonaqueous phase liquids will be sampled before purging thewel or
dissolved phase sampling. An interface probe will be lowe.erlnto t e well to
detect the existence and thickness of any immiscible 1 -I1ght and/or
dense.

REFERENCE DOCUMENT

U S EPA 1986 RCRA Ground Water Monitoring Techn.zca.kInforcement Guidance
Document (TEGD), OSWER—9950.1, September 1986

APPARATUS

Photoionaz.atjon detector e4ter an HNU TIP II or SIP 1000

I tef1onbailer with bottom valcfe

' Separatory funnel (Laboratory funnel with a Teflon stopcock)

Nyln iine;,d-isposed of after sampling.

I Waste containers.

PROCEDURE

1. Using a photoionization detector, scan the background area near the well
to determine need for personnel protection. Scan inside the protective
cover (flush mount lid or locking well cover) to determine if higher
concentrations of organic vapors may be inside the well. Carefully remove
the well riser cap and scan inside the casing to detect the presence of
volatile organics. If the breathing zone has measurable volatile organic
compounds, respiratory protection may be specified in Air Force Plant 4,
Health and Safety Plan.

2. Lower the interface probe slowly into the well, following the procedure
outlined in 6.2: Water—Level Measurements Using an Interface Probe. Note
the depth to top of fluid and top of water. Continue lowering the
interface probe to the bottom of the well to detect the presence of any
immiscible layers below water. If a floating layer is detected disposable
nylon line shall be used to lower the bailer.

Bi .12—1



separatory funnel. To sample DNAPLs use a 
decant the immiscible fluid phase into the 
water phase into a waste container. Conti 
sample volume has been collected. 

clean s 	pat,opy\funilel to 
sam 	effners Decant 

pfrocess until adequate 
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3. a. To sample light nonaqueous phase liquids, lower a Teflon bailer until 
the bottom of the bailer is in contact with the top of the LNAPL 
layer. Continue to lower the bailer slowly, until the center of the 
bailer is centered on the water / phase interface. Smoothly raise 
bailer to the surface. This method will allow the collection of very 
thin floating layers. 

b. To sample dense nonaqueous phase liquids (after sampling any floating 
phase liquids), lower a Teflon bailer to the bottom of the well. 
Smoothly raise the bailer to the surface. 

4. Carefully pour the bailer into a decontaminated separatory fun 	To 
sample LNAPLs use the separatory funnel to drain off the w 	r phA.se and 
discard into a waste container. Fill sample container 	from4-the 
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3. a. To sample light nonaqueous phase liquids, lower a Teflon bailer until
the bottom of the bailer is in contact with the top of the LNAPL
layer. Continue to lower the bailer slowly, until the center of the
bailer is centered on the water / phase interface. Smoothly raise
bailer to the surface. This method will allow the collection of very
thin floating layers.

b. To sample dense nonaqueous phase liquids (after sampling any floating
phase liquids), lower a Teflon bailer to the bottom of the well.
Smoothly raise the bailer to the surface.

4. Carefully pour the bailer into a decontaminated separatory fu.eT'\ To
sample LNAPLs use the separatory funnel to drain off the w.ter pl'e and
discard into a waste container. Fill sample container(rom4'fhe
separatory funnel. To sample DNAPLs use a clean sratox-yfunrel to
decant the immiscible fluid phase into the sampco.tafners. Decant
water phase into a waste container Continitheprocess until adequate
sample volume has been collected

/
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PHOTOVAC TIP II PHOTOIONIZATION ANALYZKR 

INTRODUCTION 

This portable instrument is used to detect, measure, and provide a direct 
reading of chemicals in air that have an ionization potential of 10.2 eV or 
less. Most of the light permanent gases (such as air gases, hydrogen, or 
helium) have ionization potentials of 12 eV or more. Many organic chemicals 
have an ionization potential of less than 10.2 eV and can be detected by the 
TIP II. 

The TIP II uses a small pump to continuously draw air into a small ionization 
chamber which is also flooded with ultraviolet light. This chamber ha two 
electrodes; an electric voltage is applied across these electrodes d ode of 
them is connected to a very sensitive current measuring circui 
(electrometer). When ions are formed, and these will have ji3Othpositive and 
negative charges, the negative ions will travel to th" 
the positive ions will travel to the negative eleo ode„,/this will%, re-Suit in _-t‘e --1;  

se electrode and 

an electric current which is measured by the eleCtrometer 	can baxustd to 
express the "Total Ionizables Present". 

, 
The TIP II does not distinguish between,differentcheticals; the signal 
produced represents a composite of all different ionizable chemicals. 

TIP II has four controls a POWER s ito a,SPANoontrol, a ZERO control, and 
a COURSE ZERO control. 171. 4and Zer;"Oontrols are projecting knobs which 
can be locked into position,andi4areprovided with numerical position 
indicatorse-The%Course Zero adjustment is made with a screwdriver through a 
holein'the,front bulkhead of Tqp,11. A single electrical connector is 
located,at-the base of the handle and is used for battery recharging and for 
connedtion of external 12 Volt DC power. Two outputs are available at this 
same connector:- an analog signal from the electrometer and an audio siDlal for 
connection.^ta a „headphone which is pulsed at a rate proportional to the 
concentratiwbeing measured. 

The TIP II is powered by rechargeable Nickel Cadmium batteries. These 
batteries must be given proper care to insure long life performance. NiCad 
batteries will develop a "memory" if they are not run through complete 
discharge / recharge cycles on a regular basis. This means that if the TIP II 
is used for only one hour before recharging, the batteries will develop a 
"memory" for this duty cycle and will be unable to deliver adequate power for 
longer duty cycles. To avoid this condition, run the instrument until "LOBAT" 
appears on the display, then fully recharge for 16 hours as described in the 
TIP II manual. 

WARNINGS 

THIS DEVICE IS CLASSIFIED FOR USE IN CLASS 1, DIVISION 2, GROUPS A,B,C,D 
HAZARDOUS LOCATIONS. THIS DEVICE IS NOT INTENDED FOR CONSTANT USE WITH 
FLAMMABLE CONCENTRATIONS OF GASES. It complies with Underwriters Laboratories 
Inc. UL 1604 Standard for Electrical Eauipment for u in Hazardous Locations 
Class 1, Division 2. 
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INTRODUCTION

This portable instrument is used to detect, measure, and provide a direct
reading of chemicals in air that have an ionization potential of 10.2 eV or
less. Nost of the light permanent gases (such as air gases, hydrogen, or
helium) have ionization potentials of 12 eV or more. 1azxy organic chemicals
have an ionization potential of less than 10.2 eV and can be detected by the
TIP II.

The TIP II uses a small pmp to continuously draw air into a small ionization
chamber which is also flooded with ultraviolet light. This chamber h\two
electrodes; au electric voltage is applied across these electrodej.d e of
them is connected to a very sensitive current measuring circui,-
(electrometer). When ions are formed, and these will havb6tbpositive and
negative charges, the negative ions will travel to thj o electrode and
the positive ions will travel to the negative eler6de>..-'his wilt result in
an electric current which is measured by the ele6trq e>an can be used to
express the Total lonizables Present

The TIP II does not distinguish beten different chemals, the siial
produced represents a. composite of all different ionizable chemicals

TIP II has four contrIs'aWER switoS?AN cotrol, a ZERO control, and
a COURSE ZERO contI The Spani and Zero"ontrols are proj ecting knoos which
can be lockej,nto position ,.and'&re provided with numerical position
indicators- The Course Zero adjustment is made with a screwdriver through a
hole,iri thefront bulkhead of TIII - A single electrical connector is
loátedat the base of the handle and is used for battery recharging and for
conne6tion of external 12 Volt DC power. Two outputs are available at this
same coxmecto:- an analog sial from the electrometer and an audio siial for
connect ioto a heádphone which is pulsed at a rate proportional to the
concentratio-bing measured.

The TI II is powered by rechargeable Nickel Cadmium batteries. These
batteries must be given proper care to insure long life performance. NiCad
batteries will develop a 'memory" if they are not run through complete
discharge / recharge cycles on a regular basis. This means that if the TIP II
is used for only one hour before recharging, the batteries will develop a
memory" for this duty cycle and will be unable to deliver adequate power for
longer duty cycles. To avoid this condition, run the instrument until "LADBAT"
appears on the display, then fully recharge for 16 hours as described in the
TIP II manual.

WARNINGS

THIS DEVICE IS CLASSIFIED FOR USE IN CLASS 1, DIVISION 2, GROUPS A,B,C,D
HAZARDOUS LOCATIONS. THIS DEVICE IS NOT INTENDED FOR CONSTANT USE WITH
FLAABLE CONCENTRATIONS OF GASES. It complies with Underwriters Laboratories
Inc. UL 1604 Standard or Electrical EQuient for u in Hazardous Locations
Class 1, Division 2.
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CAUTION 

To reduce the risk of fire or injury to personnel, read and follow these 
instructions. 
1. All calibration, maintenance, and servicing of this device, including 

battery charging, must be performed in a safe area away from hazardous 
locations. 

2. Do not open or mutilate the battery cells. Released electrolyte is 
corrosive and may cause damage to the eyes or skin. It may be toxic if 
swallowed. Do not dispose of battery pack in a fire. 

The TIP II can be used in either a qualitative or quan ative mode. In the 
qualitative mode the instrument dispTaye higher numbe,s as higher 
concentrations of ionizable gases axle de ctedIt will not read out directly 
in parts per million. In• 	itat 	 i ifre od the ilapuiient is calibrated with 
a known concentration of,--gas an di6p1 	co 	trttions in parts per million. 
This procedure covere'Only--the q aniitat_i mode. See the TIP II Users Manual 
for a descriptiom'Of the'qua4t 	1 mode. 

	

S 	ANTITATIVE 'PROCEDURE,S,,,  ORIAL 

	

, 	you press'the POWER switch, the LCD of TIP II will turn on and the 
pump and yellow/ LEDS- will come on briefly. Wait for them to come on 
continuou6ly, ndicating the ultraviolet lamp has started. 

2. Turn ti locking rings down to release the ZERO and SPAN controls. 

3. A mid-range sensitivity (Span setting of 5) is a good place to start. 

4. The cleanliness of the reference Zero air should match the application. 
Outdoor air away from chemical sources is usually suitable. Although 
background chemicals will not be canceled out as they are when TIP II is 
used qualitatively, the error they cause is usually insignificant. If 
the zero reference air contains 1 prm equivalent of total ionizables, and 
TIP II is adjusted to read 100 when Span Gas is introduced, then in fact 
TIP II will read -1 when air with no ionizables is sampled. The error 
will decrease as concentration increases. If outdoor air is too heavily 
contaminated, bottled Zero Air should be used. 

5. Turning the ZERO control clockwise will raise the LCD reading, turning it 
counterclockwise will lower it. Adjust the COARSE ZERO control with a 
small slotted screwdriver if TIP II always reads above or below zero with 
the ZERO control alone. 

6. Hand tighten the gas bag adapter nut to TIP II inlet, and open the gas 
bag valve. 

7. A clockwise turn of the SPAN control will raise the LCD reading, a 
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Released electrolyte is
or skin. It may be toxic if
in a fire.

on and the
come on

4. The cleanliness of the reference Zero air should match the application.
Outdoor air away from chemical sources is usually suitable. Although
background chemicals will not be canceled out as they are when TIP II is
used qualitatively, the error they cause is usually insiiificant. If
the zero reference air contains 1 pn equivalent of total ionizables, and
TIP II is adjusted to read 100 when Span Gas is introduced, then in fact
TIP II will read —1 when air with no ionizables is sampled. The error
will decrease as concentration increases. If outdoor air is too heavily
contaminated, bottled Zero Air should be used.

5. Turning the ZERO control clockwise will raise the LCD reading, turning it
counterclockwise will lower it. Adjust the COARSE ZERO control with a
small slotted screwdriver if TIP II always reads above or below zero with
the ZERO control alone.

6. Hand tighten the gas bag adapter nut to TIP II inlet, and open the gas
bag valve.

7. A clockwise turn of the SPAN control will raise the LCD reading, a.

B2. 1-2

To reduce the risk of fire or injury to personnel, read and follow these

instructions.
1. All calibration, maintenance, and servicing of this device, including

battery charging, must be performed in a safe area away from hazardous

locations.
2. Do not open or mutilate the battery cells.

corrosive and may cause damage to the eyes
swallowed. Do not dispose of battery pack

REFERENCE DOCUIIENT

User s Manual, TIP II, Version 2.3 November 1988

OPERATING PROCEDURES

The TIP II can be used in either a qua.1t&tive or quan.itâtive mode. In the
qualitative mode the instrument disays higher numbers as higher
concentrations of ionizable gases a.xe dtcted.I't will not read out directly
in parts per million. In the i±tent is calibrated with
a known concentration of imtions in parts per million.
This procedure cove on: mode. See the TIP II Users Manual
for a descriptiori'àf

you press the WER switch, the LCD of TIP II will turn
pomp and yellow LEDs will come on briefly wait for them to
continuotsly, -Indicating the ultraviolet lamp has started.

2. Turn the<ocking rings down to release the ZERO and SPAN controls.

3. A mid—range sensitivity (Span setting of 5) is a good place to start.
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counterclockwise turn will lower it. 

8. Check the zero setting by sampling clean air again. Reset the ZERO 
control, if needed. 

9. Turn the locking ring up against the SPAN control. 

10. Check the SPAN setting by sampling Span Gas. Setting ZERO and SPAN 
controls is an iterative procedure. With experience, initial settings 
will be close to final settings. 

11. Sample clean air while locking the ZERO control and sample Span16. while 
locking the SPAN control, and hold the controls so that they do shift 
when their locking rings are turned against them.  

12. The LCD will now show concentrations of tota onizables in the sample in 
Span Gas equivalent units. Naturally, part'pe;Adill,ion readings taken 
with TIP II only have meaning when there is asingle cOmpound present in 
the sample. A mixture of two or more compoundS-will -give a composite 
reading which, due to differences in response, will obviously NOT be the 
simple sum of the concentrations of, each component. Nevertheless, there 
can often be a benefi,t-to such a reading, for example, in studying the 
distribution of ap,4ccidel;itaLspill'OfAasoline. Calibration against the 
Span Gas gives-4 reasonably repeatable reference, which can then serve as 
a guide totheust'anddezloyment'of more sophisticated analyzers. 

13. U-11P II aspirates some-liquid, immediately turn to Maintenance, - If 
TIP Pr-Draws in Water, ane follow the instructions. 

14. Switch off TIP U-when finished taking readings or if the "LOBAT" sign 
appears at the top left of the LCD. Readings taken while "LOBAT" is on 
may 	be'reliable. 

Calibrating TIP II with a known concentration of span gas provides a means of 
comparing readings from one day to another and compensates for film build-up 
on the detector lamp window. 

The TIP II is calibrated at two points of concentration, 0 and 100 ppm. Its 
accuracy decreases when sampling concentrations away from these two points 
according to the following table: 

Actual Concentration 
(ppm isobutylene) 

1 
5 
10 
50 
100 
500 
1000 
1500 
2000 

TIP II 
Reading 

1 ± 1.5 
6 ± 2 
12 ± 2 
55 ± 5 
100 ± 10 
450 ± 10% 
850 ± lo% 
1250 ± 10% 
1500 ± 10% 
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counterclockwise turn will lower it.

8. Check the zero setting by sampling clean air again. Reset the ZERO
control, if needed.

9. Turn the locking ring up against the SPAN control.

10 Check the SPAN setting by sampling Span Gas. Setting ZERO and SPAN
controls is an iterative procedure. With experience, initial settings
will be close to final settings.

11. Sample clean air while locking the ZERO control and sample Spar1 Gq while
locking the SPAN control, and hold the controls so that tbey don-t shift
when their locking rings are turned against them.

12 The LCD will now show concentrations of tota1.-1niz.ales in the sample in
Span Gas equivalent units Naturally, patpez—mili.ion readirgs taken
with TIP II only have meaning when there is a'singre mpound peent in
the sample A mixture of two or more compouths wi1.Y'ive a composite
reading which, due to differences in response, wiil obviously NOT be the
simple sum of the concentrations óeach component. Nevertheless, there
can often be a benefi_to such a reading, for example, in studying the
distribution of an-accidetal sp3.l-ofgaso1i.ne Calibration against the
Span Gas gives reaactiaoly repeatabe reference, which can then serve as
a guide to the use and de 1ymen of more sophisticated analyzers

13 LfIIP II aspirates so iqd, immediately turn to 1aintenance, — If
TII-rDraws in Water, andfollo trie instructions

14. Switch off TIP IIwhen finished taking readings or if the WBAT" sign
appears at the top left of the LCD. Readings taken while "LOBAT" is on
may-notbereliab1e.

Calibrating TIP II with a known concentration of span gas provides a means of
comparing readings from one day to another and compensates for film build-up
on the detector lamp window.

The TIP II is calibrated at two points of concentration, 0 and 100 ppm. Its
accuracy decreases when sampling concentrations away from these two points
according to the following table:

Actual Concentration TIP II
(ppm isobutylene) Reading

1 1±1.5
5 6±2
10 12±2
50 55±5
100 100 10
500 450 10%
1000 850 10%
1500 1250 10%
2000 1500 10%

B2.1-



57 128 

Charge TIP II battery when "LOBAT" appears at the top left of the 
LCD. 

NOTE: DO NOT CHARGE TIP II IN A HAZARDOUS LOCATION. 

TIP II handle and the charger may be warm to the touch during 
charging. This is normal. 

By letting TIP II fully discharge until -LOBAT-  appears, then 
charging for 16 hours, the operating time of TIP II is maximized. 
Occasional overcharging for up to two days will not be detrimen-
tal to the batteries. If TIP II is consistently put on charge„,-  
before "LOBAT" appears, the operating time of TIP II will be 
diminished. 

The TIP II Charger is one of two types, either,a'TIP 
Current Battery Charger, or a TIP Dual Rate Charger. 

To use the Constant Current Battery Charger: 
1. Switch off TIP II. 
2. Remove any external devices connected to the rear;receptacle, 

or unscrew dust cover. 
3. Set selector switch on,-back'of charger-'to correct AC mains 

voltage. 
4. Connect ,charger plug to"'TIITI rear receptacle. Turn knurled 

collar clockwise to secure plug. 
5. -Rlug charger into AC mains. 

Allow TIPII to charge for 16 hours. 
7. Remove charger plug from TIP II and replace dust cover. 

DO NOT LEAVE 	ON CHARGE CONTINUOUSLY WITH THE CONSTANT 
CURRENT BAKERY CHARGER. 

To use the Dual Rate Charger: 

1. Switch off TIP II. 
2. Remove any external devices connected to the rear receptacle, or unscrew 

dust cover. 
3. Connect charger plug to TIP II rear receptacle. Turn knurled collar 

clockwise to secure plug. 
4. Plug the charger into AC mains. The indicator light will be green. 
5. Press the HIGH CHRG button. The indicator light will turn red to show the 

charger is charging at the high rate. 
6. TIP II will be fully charged in about 15 hours. After this time, the 

indicator light will turn green indicating the charger has returned to its 
low continuous charge rate. This maintains the battery at full charge. 
Do not press HIGH CHRG again as this may overcharge the battery. 

7. To use TIP II, remove charger plug from TIP II and replace dust cover. 

The low continuous charge rate can be used to charge TIP II when it has not 
been fully discharged, however, it is best to fully discharge TIP II before 
recharging to maintain the highest battery capacity. 
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Charge TIP II battery when "LOBAT" appears at the top left of the
LCD.

NOTE: DO NOT CHARGE TIP II IN A HAZARDOUS LOCATION.

TIP II handle and the charger may be warm to the touch during
charging. This is normal.

By letting TIP II fully discharge until "LOBAT appears, then
charging for 16 hours, the operating time of TIP II is maximized.
Occasional overcharging for up to two days will not be detrimen-
tal to the batteries. If TIP II is consistently put on c
before "LOBAT" appears, the operating time of TIP II will
diminished.

The TIP II Charger is one of two types, either
Current Battery Charger, or a TIP Dual Rate

To use the Constant Current BatteryCharger:
1 Switch off TIP II
2. Remove any external devices cothiectedto

or unscrew dust cover -

3 Set selector switch on—back of chargep-'to correct AC mains
voltage

4 Connect charger plug to TIII rear receptacle Turn knurled
collar clockwise to secure plug

5 Plug charger into AC mains
6. Allow TIP II to charge for 16 hours.
7. Remove charger plug from TIP II and replace dust cover.

DO NOT LEAVE TI-?II ON CHARGE CONTINUOUSLY WITH THE CONSTANT
CURRENT BArFTERY CHARGER.

To use the Dual Rate Charger:

1. Switch off TIP II.
2. Remove any external devices connected to the rear receptacle, or unscrew

dust cover.
3. Connect charger plug to TIP II rear receptacle. Turn knurled collar

clockwise to secure plug.
4. Plug the charger into AC mains. The indicator light will be green.
5. Press the HIGH CFG button. The indicator light will turn red to show the

charger is charging at the high rate.
6. TIP II will be fully charged in about 15 hours. After this time, the

indicator light will turn green indicating the charger has returned to its
low continuous charge rate. This maintains the battery at full charge.
Do not press HIGH CG again as this may overcharge the battery.

7. To use TIP II, remove charger plug from TIP II and replace dust cover.

The low continuous charge rate can be used to charge TIP II when it has not
been fully discharged, however, it is best to fully discharge TIP II before
recharging to maintain the highest battery capacity.
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Procedure 

If it is known that only one chemical will be present in the air being sampled 
the TIP II can be calibrated with a standard of that compound. Note that the 
presence of other gases and vapors in the sample will change the results. 

1. Press POWER switch to turn on TIP II. 
2. Unlock ZERO and SPAN controls by turning locking rings clockwise. 
3. Set SPAN control to 5. 
4. Allow TIP II to sample clean air. 
5. Adjust ZERO control until LCD reads zero. 
6. Connect Kevlar bag of span gas to TIP II inl 
7. Adjust SPAN control until LCD indicates the 

(nominally 100 ppm isobutylene, check label 
Disconnect gas bag. 

8. Sample clean air again and readjust ZERO co 
9. Lock ZERO control by turning locking ring`' 
10. Sample Span Gas again and readjust SPAN contrOl.A' 
11. Lock SPAN control by turning locking,ringcounter 

gas bag. 
12. Observe readings on LCD. ConCentration of,total\ionizables is displayed 

in Span Gas equivalenth4ts. f 

Calibretio as Procedure 

1. Hind tighten regulator onto Span Gas tank. 
TUrn gas bag valve-  counterclockwise to open. 

3. ,Handtighten--gas bag adapter nut onto regulator. 
4. Turn reguTator knob counterclockwise about 1/2 turn to start gas flow. 
5. Fi1lA5ag until bag material just begins to stretch. 
6. Thin regulator knob fully clockwise to shut off the gas flow. 
7. Turn gas bag valve fully clockwise to close. 
8. Remove gas bag adapter nut from regulator. 
9. Remove regulator from Span Gas tank. 

NOTE: Before using the gas bag for the first time, and if it has not been used 
for four weeks, fill and flush gas bag with span gas two times before 
connecting it to TIP II. 

LIAINTENANG13 

Keeping TIP II in top operating shape means charging the battery, cleaning the 
ultraviolet lamp window, and replacing the dust filter. The exterior of TIP 
II can be wiped clean with a damp cloth and mild detergent if necessary. Keep 
the cloth away from the sample inlet, however, and do not attempt to clean 
while TIP II is connected to the mains! Organic cleaning solvents might 
damage the finish. 

BATTERY CHARGING 

et. 
Span Gas co ntr on 
on Sp GaS bottle 

necessary,  

ssary. 
ockwise. Disconnect 

13. DO NOT ALLOW THE,TIP II 	DRAW IN'ANY"-LIQUIDS! 
14. Press POWER svitch-af 	use to turn off TIP II. 
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Procedure

If it is known that only one chemical will be present in the air being sampled
the TIP II can be calibrated with a standard of that compound. Note that the
presence of other gases and vapors in the sample will change the results.

1. Press POWER switch to turn on TIP II.
2. Unlock ZERO and SPAN controls by turning locking rings clockwise.
3. Set SPAN control to 5.
4. Allow TIP II to sample clean air.
5. Adjust ZERO control until LCD reads zero.
6. Connect Keviar bag of span gas to TIP II inlet.
7. Adjust SPAN control until LCD indicates the Span Gas cqDentr on

(nominally 100 ppn isobutylene, check label on Spaij..Gs bot1e)..
Disconnect gas bag. \\

8. Sample clean air again and readjust ZERO cop,ttol ifiecessary'.
9 Lock ZERO control by turning locking
10. Sample Span Gas again and readjust SPAN controi.Af nssary.
11 Lock SPAN control by turning locdng ring counteo6ckwise Disconnect

gasbag -
12 Observe readings on LCD Concentraton of total ionizables is displayed

in Span Gas equivalen'tiiuts .
13. DO NOT ALLOW THLTIP II T( DRAW I?rA—lQJIDS!
14. Press POWER sitch.er use to turn off TIP II.

Ca1ibty..Gas Procedure.— -

I. Hind tighten regla.or onto Span Gas tank.
2 Turn gas ag valve counterclockwise to open
3. Han tghte.—gas bag adapter nut onto regulator.
4. Turn regdtor knob counterclockwise about 1/2 turn to start gas flow.
5. Fii-bàg until bag material just begins to stretch.
6. T-n regulator knob fully clockwise to shut off the gas flow.
7. Turn gas bag valve fully clockwise to close.
8. Remove gas bag adapter nut from regulator.
9. Remove regulator from Span Gas tank.

NOTE: Before using the gas bag for the first time, and if it has not been used
for four weeks, fill and flush gas bag with span gas two times before
connecting it to TIP II.

iAINTKNANCK

Keeping TIP II in top operating shape means charging the battery, cleaning the
ultraviolet lamp window, and replacing the dust filter. The exterior of TIP
II can be wiped clean with a. damp cloth and mild detergent if necessary. Keep
the cloth away from the sample inlet, however, and do not attempt to clean
while TIP II is connected to the mains Organic cleaning solvents might
damage the finish.

BAflERY CHARGING
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Interrupting the AC power supply to the Dual Rate Charger will reset it to the 
low charge rate. 

CLEANING THE LAMP WINDOW 

As TIP II is used, a film of deposit will build up on the window of the 
ultraviolet lamp. The rate of film build-up depends on the chemicals and 
concentrations being sampled, and results from the action of ultraviolet light 
on the chemicals. Clean the lamp window when a span setting of 9 is 
insufficient to give a high enough LCD reading. Refer to TIP II Pictorial 
Diagram for parts location. 
1. Switch off TIP II. 
2. Grasp the black detector cover and unscrew it from TIP 	Thedetector 

cell, lamp holder and lamp UHF driver circuit board 	exPosed. Be 

careful of the PID seal o-ring on top of detecto 
3. Unplug red and yellow wires from UHF driver 	cui,V oard.  
4. Grasp lamp holder so it will not rotate, and upw6ne stector 'cell (with 

red and yellow wires attached) from lamp holder:, - ill pop-yip. 
5. Withdraw lamp from lampholder. Leave spring in 1 	holder. 
6. Moisten a lint-free tissue with methanol. 
7. Rub lamp window with methanol-moistened tissue to remove film. 
8. Dry lamp window with ,alean lint-free,tissue 
9. Without touching window, slip lamp--into,-lamp-holder, window-end out 
10. Install detector cell'anto)lamp holder and tighten until just snug.  

Avoid cross-threading.,) 
11. PluvyslIOWwireonto-gold pin and red wire onto tinned pin on UHF driver 

circuit board'. - 
12,--"`Install detector cover nand'-tight.  

y. 

When the detector cell--is removed, be careful not to touch the fine wire mesh 
inside it.,,,Any 51.i/it in the detector cell may be blown out with a gentle jet 
of dry Obipressed air. 

REPLACING THE DUST FILTER 

TIP II is equipped with a dust filter to reduce detector contamination. As 
the filter becomes clogged; TIP II inlet flowrate and sensitivity will drop. 
If TIP II sensitivity increases by more than 10% when the filter is removed 
then install a new filter. Don't run TIP II without a filter for more than a 
minute or so. 

1. Switch off TIP II. 
2. Hold filter housing near detector cap with 9/16" wrench. 
3. Unscrew top of housing with another 9/16" wrench. Be careful of the metal 

sealing washer. 
4. Remove spring and filter. 
5. Install new filter open end first. 
6. Slip spring into top of housing and assemble housing. Tighten with two 

wrenches. 
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Interrupting the AC power supply to the Dual Rate Charger will reset it to the
low charge rate.

CLEANING THE LI4NP WINDOW

As TIP II is used, a film of deposit will build up on the window of the
ultraviolet lamp. The rate of film build—up depends on the chemicals and
concentrations being sampled, and results from the action of ultraviolet light
on the chemicals. Clean the lamp window when a span setting of 9 is
insufficient to give a high enough LCD reading. Refer to TIP II Pictorial
Diagram for parts location.
1. Switch off TIP II.
2. Grasp the black detector cover and unscrew it from TIP . Tbedetector

cell, lamp holder and lamp UHF driver circuit boa.rdaren9.9.'\exPpsed. Be
careful of the PID seal o—ring on top of detecto6el.\- \ \

3. Unplug red arid yellow wires from UHF drivertcu,V6oard. \
4 Grasp lamp holder so it will not rotate, arid u 6reydtector sell, (with

red and yellow wires attached) from lamp holdér,tamy..-ill popiIp.
5. Withdraw lamp from lampholder. Leave spring in lmholder.
6 1oisten a lint—free tissue with methanol
7 Rub lamp window with methanol-moistened tissue to remove film
8 Dry lamp window with clean lint-free tissue
9 Without touching window, slip lampinto-lamp holder, window-end out
10 Install detector cell'to lamp ziolaer arid tighten until iust snug

Avoid cross threading ,/ _
11 Plug yeflow wire onto gold pin and red wire onto tinned pin on UHF driver

circuitboard.
l2 Inst,aI detector cover nand-tiht

When the detector cl1'is removed, be careful not to touch the fine wire mesh
inside it. -Aiy d,.itt in the detector cell may be blown out with a gentle jet
of dry cbmpres air.

REPLACING THE DUST FILTER

TIP II is equipped with a dust filter to reduce detector contamination. As
the filter becomes clogged, TIP II inlet flowrate arid sensitivity will drop.
If TIP II sensitivity increases by more than 10% when the filter is removed
then install a new filter. Dont run TIP II without a filter for more than a
minute or so.

1. Switch off TIP II.
2. Hold filter housing near detector cap with 9/16" wrench.
3. Unscrew top of housing with another 9/16" wrench. Be careful of the metal

sealing washer.
4. Remove spring and filter.
5. Install new filter open end first.
6. Slip spring into top of housing and assemble housing. Tighten with two

wrenches.
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IF TIP II DRAWS IN WATER 

Water drawn into TIP II will not cause permanent damage if the instrument is 
promptly disassembled and cleaned. The most important parts to clean are the 
lamp and the detector cell. To clean the pump, allow TIP II to run until no 
more water comes out of vent hole located in the front bulkhead. 
1. Refer to maintenance instructions to remove detector cell and lamp. 
2. Dry lamp with a clean lint-free tissue and clean the window. 
3. Clean detector cell in clean water, preferably in an ultrasonic cleaner. 

Do not touch the fine wire mesh. 
4. Dry detector cell overnight at 50 degrees C. (125° F). 
5. Dry inside of lamp holder. 
6. Remove filter following instructions above. 
7. Dry inside of filter holder. 
8. Install a new filter. 
9. Assemble TIP II following instructions above.-.' 
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IF TIP II DRAWS IN WATER

Water drawn into TIP II will not cause permanent damage if the instrument is

promptly disassembled and cleaned. The most important parts to clean are the
lamp and the detector cell. To clean the pimp, allow TIP II to run until no
more water comes out of vent hole located in the front bulkhead.
1. Refer to maintenance instructions to remove detector cell and lamp.
2. Dry lamp with a clean lint-free tissue and clean the window.
3. Clean detector cell in clean water, preferably in an ultrasonic cleaner.

Do not touch the fine wire mesh.
4. Dry detector cell overnight at 50 degrees C.
5. Dry inside of lamp holder.
6. Remove filter following instructions above.
7. Dry inside of filter holder.
8. Install a new filter.
9. Assemble TIP II following instructions abov

(125° F).

j
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE 

PROCEDURE 	Portable Photoionization Analyzer, Model ISPI 101 HNU 

PROJECT or SITE 
	Air Force Plant 4 

CHANGE 

Pressure and Humidity Calibration Corrections 

Section 3 states "Connect the analyzer to the regulator and cyl 	er w th a 
short piece (butt connection) of tubing". Instead of direc 	con cting the 
HNU to the regulator, the HNU will be calibrated by fil lei a 	dlar bag with 
known concentration span gas (normally 100 ppm isob 	a 	and\attaching the 
HNU to the sampling valve of the gas bag. This 	tho 	ermits calibtation at 
current atmospheric pressure. 	

\ 

\,--"/ 
After the Tedlar bag is full, attach.-the, tygomtubin 	d of the calibration 
gas humidifier to the bag. Use ofthe calibration gas humidifier while 
calibrating will correct for water valSoreffectson 'the photoionization 
readings. Water is a stpong,absotben of hotons, Ja..-the operating region of 
photoionization detectors an high h 	di 	ill.-Cause lower readings unless 
humidity is accojinfed forwhil chlibra,  ing. The HNU must be recalibrated 
using the calibration gas ,Au 	*6.errwhenever there is a significant change in 
ambient„hokralty.  

---' ,-- 

Calibration Gas Procedure. 

1. Hand tighten regulator onto Span Gas tank. 
2. Turn-gas bag valve counterclockwise to open. 
3. ,Rand tighten gas bag adapter nut onto regulator. 
4: Turn regulator knob counterclockwise about 1/2 turn to start gas flow. 
5. Fill bag until bag material just begins to stretch. 
6. Turn regulator knob fully clockwise to shut off the gas flow. 
7. Turn gas bag valve fully clockwise to close. 
8. Remove gas bag adapter nut from regulator. 
9. Remove regulator from Span Gas tank. 

NOTE: Before using the gas bag for the first time, and if it has not been used 
for four weeks or more, fill and flush gas bag with span gas two times 
before connecting it to the HNU. 

Ambient Humidity Calibration 

1. Turn on the HNU and adjust ZERO in the STANDBY MODE. 

2. Turn the range switch to 0-200. 

3. Connect the tygon tubing end of the humidifier to the span gas bag. 
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE

PROJECT or SITE

Portable Photoionization Analyzer, Model ISPI 101 HNU

Air Force Plant 4

CHANGE

NOTE: Before using the gas
for four weeks or more,
before connecting it to

Ambient Humidity Calibration

1. Turn on the HNU and adjust ZERO in the STANDBY MODE.

2. Turn the range switch to 0-200.

3. Connect the tygon tubing end of the humidifier to the span gas bag.

B2 .2

Pressure and Humidity Calibration Corrections

Section 3 states "Connect the analyzer to the regulator and cyl er th a
short piece (butt connection) of tubing'. Instead of direc.1conpe6ting the
HNIJ to the regulator, the HNU will be calibrated by filJ.,,ii1 a3edlár bag with
known concentration span gas (normally 100 ppm isobj ei ind'attàching the
HNU to the sampling valve of the gas bag. Thi>.mho ermits cibration at
current atmospheric pressure. -

After the Tedlar bag is full, attach-the tygori tubin,e1u(f the calibration
gas humidifier to the bag Use orthe calibration Eas humidifier while
calibrating will correct for water vapo. effects on the photoionization
readings Water is a st rrgabsotbev ofhotons i-'the operating region of
photoionization detect6i's anc\high hü th-wi1i cause lower readings unless
humidity is accowrt'ed librating. The HNU must be recalibrated
using the calibration gas whenever there is a significant change in
amb lent ktrñi3Tdity.

Calkbration Gas Procedure.

1. Hand tighten regulator onto Span Gas tank.
2. 'Turngas bag valve counterclockwise to open.
3. iiand tighten gas bag adapter nut onto regulator.
4' Turn regulator knob counterclockwise about 1/2 turn to start gas flow.
5. Fill bag until bag material just begins to stretch.
6. Turn regulator knob fully clockwise to shut off the gas flow.
7. Turn gas bag valve fully clockwise to close.
8. Remove gas bag adapter nut from regulator.
9. Remove regulator from Span Gas tank.

bag for the first time, and if it has not been used
fill and flush gas bag with span gas two times
the HNU.
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4.Connect the fitting end (white polypropylene) of the humidifier to the 101 
probe extension. 

5.When the reading stabilizes (15-30 seconds), adjust the SPAN POT until 
the meter reads the correct value for the calibration gas used. 

6.The 101 is now calibrated for direct reading on the calibration gas. 

7.The calibration can be adjusted for changes in humidity by repeating the 
process 

57 134

4.Connect the fitting end (white polypropylene) of the humidifier to the 101
probe extension.

5.When the reading stabilizes (15—30 seconds), adjust the SPAN POT until
the meter reads the correct value for the calibration gas used.

6.The 101 is now calibrated for direct reading on the calibration gas.

7.The calibration can be adjusted for changes in humidity by repeating the
process
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PORTABLE PHOTOION/ZATION ANA K,4A  
MODEL ISPI 101 HNU SYSTEMS, INC.  

Introduction 

This portable instrument is used to detect, measure. and provide a direct 
reading of the concentration of a variety of trace gases in many industrial or 
plant atmospheres. The analyzer employs the principle of photoionization. 
This process involves the absorption of ultraviolet light (a photon) by a gas 
molecule leading to ionization: 

RH + hv - RH+ + e-

in which 

.The sensor consists of a sealed ultraviolet (UV) light;, our 
with an energy level high enough to ionize many trade spedies 
organics. but not high enough to ionize the major compOne 
CO2. or H20. 

A chamber, exposed to the light source contains a pair of electrodes: one. a 
bias electrode, and the second.,,a_ collector electrode. When a positive 
potential is applied to the bias electrodefield,is created in the chamber. 
Ions formed by the absorption at photons are driven to the collector electrode. 
The current produced is then measurAd. and'the corresponding concentration is 
displayed on a meter directly in parts, perimillion (ppm). 

To minimize absorption or decomposition of sample gases, a rapid flow of sample 
gas isrmaintained through the ion chamber. which is small, made of inert 
material and located at the sampling point. 

The analyzer consists of a probe, a read-out assembly, and a battery charger. 
The probe contains the sensing and amplifying circuitry: the read-out assembly 
contains the-meter, controls, power supply, and rechargeable battery. The 
analyzer will operas . from the battery for approximately 6-10 hours. 

The ISPI 101 is designed for use with interchangeable probes containing lamps of 
different energies. The analyzer is ready for use simply by connecting the 
probe to the read-out assembly. calibrating, setting the proper SPAN pot value. 
and then zeroing the unit. 

The standard probe provided with the analyzer contains a 10.2 eV lamp. Optional 
probes containing lamps of 9.5 and 11.7 eV permit selective determination or 
exclusion of special species having IP values lower than 9.5 eV in the presence 
of interfering species with IP values above 9.5 eV. The probe with the 11.7 eV 
lamp permits measurement of species with IP values up to approximately 11.7 eV. 
The probes with different lamps are interchangeable in use within individual 
read-out assemblies for different applications. The amplifier and ion chamber 
in the probe are selected for the specific eV lamp. Lamps of different eV 
ratings cannot be interchanged between probes. 

Gases with ionization potentials near to or less than that of the lamp will be 

RH = trace gas 
hv = Photon with an energy level equal to or greater than the,-fonization 

potential of RH 

that emits photons 
articuIarly 
ir. 02r2. CO, 
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P0RTABLE PHOTOIONXZATION ANAf
MO DEL I S I 101 HNU S YS T EMS, I N C.

Introduction

This portable instrument is used to detect. measure, and provide a direct
reading of the concentration of a variety of trace gases In many Industrial or
plant atmospheres. The analyzer employs the principle of photolonization.
This process involves the absorption of uitraviolet light (a photon) by a gas
molecule leading to Ionization:

RH 1w — RM+ +

in which

RH trace gas
— Photon with an energy level equal to or greater than the-1onization

potential of RH

.The sensor consists of a sealed ultraviolet (UV) ligh ourçe-"that emits photons
with an energy level high enough to ionize marty trace sp.eies,-particularly
organics, but not high enough to ionize the major coapónt(oj._.alr. Co.

CO2. or H20.

A chamber exposed to the light source contains a pair of electrodes one a
bias electrode and the second ,..a. collector electrode.. When a posItive
potential is applied to the bias electrode a-"field is created in the chamber
tons formed by the absorption a-f photons are dtivea to the collector electrode
The current produced is then measurd and the corresponding concentration is
displayed on a rneter directly in parts per'million (ppm)

To mirtimie absorption or decompositIon of sample gases a rapid flow of sample
gas ismainealned through the Ion chamber. which is small, made of inert
material and located at the sampling point.

The analyzer consists of a probe, a read—out assembly, and a battery charger.
The probe conta..ins the sensing and amplifying circuitry; the read—out assembly
contains the-meter. controls, power supply, and rechargeable battery. The
analyzer will oper. from the battery for approximately 6—10 hours.

The ISPt 101 is designed for use with interchangeable probes containing lamps of
different energies. The analyzer is ready for use simply by connecting the
probe to the read—out assembly, calibrating, setting the proper SPAN pot value,
and then zeroing the unit.

The standard probe provided with the analyzer contains a 10.2 eV lamp. Optional
probes containing lamps of 9.5 and. 11.7 eV permit selective determination or
exclusion of special species having I? values lower than 9.5 eV in the presence
of interfering species with IP values above 9.5 eV. The probe with the 11.7 eV
lamp permits measurement of species with 1? values up to approximately 11.7 eV.
The probes with different lamps are interchangeable in use within individual
read—out assemblies for different applications. The amplifier and ion chamber
in the probe are selected for the specific eV lamp. Lamps of different eV
ratings cannot be interchanged between probes.

Gases with ionization potentials near to or less than that of the lamp will be
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ionized. These gases will thus be detected and measured by the analyzer. Gases 
with ionization potentials higher than that of the lamp will not be detected. 
The ionization potential of the major components of air. i.e.. oxygen, nitrogen. 
and carbon dioxide. range from about 12.0 eV to about 15.6 eV and are not 
ionized by any of the three lamps. Gases with ionization potentials near to or 
slightly higher than the lamp are partially ionized. resulting in low response 
to the instrument. Ionization potentials for various atoms, molecules and 
compounds are given in Tables 8-1 through 8-13 in Section 8 of the HNU 
Instruction Manual. 

The amount of ionization of a species of gas exposed to photons. its sensi-
tivity. is a characteristic of that particular species. This is illustrated in 
Table 4-1 in the HNU Instruction Manual for a number of chemical groupings, and 
in Table 8-14 for a large number of individual species when exposed to photons 
from a 10.2 eV lamp. 

The species with the higher values are sore sensitive to the 10.2--eV phetons 
than are those with lower values. Refer to Table 8-14 in the-<11NU Instruction 
Manual for further information. 

WARNINGS  

1. Do not look at the light source from closer than 6'inohei with unprotected 
eyes. Observe the source only brierfly. Continued eXposure to ultraviolet 
energy generated by the light source can.. be harmful to eyesight. The lamp 
cannot be observed with tho-probe (extension attached,nr when the instrument 
is in the stand-by mode:' 

2. Any obstruction of the'probe extension or at the sample end of the probe 
will seriously-impair ISPT 101 operation. The fan cannot draw a sample 
across a:'pressure drop% Effbrts,should be made to keep dirt. dust, grease 

joints?- and other matter from obstructing the flow. 

3. The instrument measures'gases in the vicinity of the operator and a high 
reading,whem-measuring toxic or explosive gases is cause for immediate 
action for saety. 

4. Never open the valve on a gas container without a regulator attached. 

5. Turn the function switch on the control panel to the OFF position before 
disassembly. Otherwise, high voltage of 1000 V DC will be present in the 
probe assembly. 

6. The ISPI 101 is suitable for uses in Class I Division 1 ABCD areas except 
when using the charger. 

T. The Read-out Unit should NEVER be opened except by a service person trained 
and certified by 3NU Systems. Inc. 

8. Do not use the instrument in the rain or other precipitation. as it will 
not pick up volatiles under those conditions. 

Precautions and Limitations  

Environmental Sensitivities  

Temperature. humidity and air particulates are factors in the proper operation 
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ionized. These gases will thus be detected arid measured by the analyzer. Gases
with ionization potentials higher than that of the lamp will not be detected.
The Ionization potential of the major components of air, i.e.. oxygen, nitrogen,
and carbon dioxide. range from about 12.0 eV to about 15.5 eV and are riot
ionized by any of the three lamps. Gases with Ionization potentials near to or
slightly higher than the lamp are partially ionized, resulting in low response
to the instrument. Ionization potentials for various atoms, molecules and
compounds are given in Tables 8—i. through 8—13 in Section 8 of the INU
Instruction Manual.

The amount of ionization of a species of gas exposed to photons. its serisi—
tivity. is a characteristic of that particular species. This is illustrated in
Table 4-1 in the HNU Instruction Manual for a number of chemical groupings. and
in Table 8—14 for a large number of individual species when exposed to photons
from a 10.2 eV lamp.

The species with the higher values are more sensitive to the lO.--'e'V phøtons
than are those with lower values. Refer to Table 8—14 in the-NU Lnstructioa

-'.- -
Manual for further information ,. -'
WARNINGS

.-,-- '—,

1. Do not look at the light source from closer than 6inchs with unprotected
eyes. Observe the source only brie'fly. Continued exposure to ultravIolet
energy generated by the light source ca&be harmful to eyesight. The lamp
cannot be observed with th.e—probe e'ctensian attached or when the instrument
is in the stand-by mode-

2 Any obstruction of the' probes e,t,ensio or at the sample end of the probe
will serious-ir-impair tSP-c 101 operation. The fan cannot draw a sample
across a' pressure drop' Eftorts ould be made to keep dirt dust grease
(eg' fr,o pipe joints) and other matter from obstructing the flow

3. The instr merit aeasire.s''gases in the vicinity of the operator arid a high
reading, when-- measiriag toxic or explosive gases is cause or immediate
action saety.

4. Never opri the valve on a gas container without a regulator attached.

5. Turn the function switcb on the control panel to the OFF position before
disassembly. Otherwise, high voltage of 1000 V DC will be present in the
probe assembly.

6. The ISPI 101 is suitable for uses in Class I Division 1 ABCD areas except
when usIng the charger.

7. The Read—out Unit should NEVER be opened except by a service person trained
and certified by 3NU Systems, Inc.

8. Do riot use the instrument ía the rain or other precipitation, as it will
riot pick up volatiles under those conditions.

Pecaiit1ons and L1itat1ons

!nvtronaental Sensitivities

Temperature, humidity and air particulates. are factors in the proper operation
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of this instrument. 

Detection Range 

Minimum Detection Level 

Maximum Sensitivity 

0.1 to 2000 ppm 

0.1 ppm 

0 to 20 ppm FSD at SPAN = 9.8 
(full scale deflection) 
0 to 2 ppm FSD at SPAN = 0.0 

57 137 

Repeatability 	 r. 1% of FSD 

Linear Range 	 0.1 to 400 ppm 

Useful Range 	 0.1 to 2000 ppm 

Response Time 	 Less than 3 seconds to 90% of,P50 

Ambient Humidity 	 up to 90% RH (relativ umidity) 
Operating Temperature 	 -10 to 40° C. 
Ambient (10.2 and 9.5 eV lamps) 

Operating Time on Battery 	Approximately 6 - 10hcirrit lower temp. 
(continuous use) 
	

time'is reduced due to effect of cold 
temp. ai the battery 

Recharge time from full 	Full recharze'r: 12 - 14 hours. Unit can be 
discharge 	 left on the charger and be continuously 

,/ ,,,charged whenever the unit is not in use 
(the, analyzer will not operate while the 
unei is on the charger: an Intrinsically 
'Safe feature). 

Recharge current 	 Max. 0.4 amps at 15 V DC 

Battery Charger Power 
	

120 V AC, single phase. 50-60 Hz. 1.5 Amps 
230 V AC, single phase. 50-80 Hz. .75 Amps 

NOTE: The above specifications apply when the instrument is equipped 
with 10.2 eV Probe with SPAN set at 9.8 and measuring benzene. Values 
will vary for other compounds and conditions. The HNU is sensitive to 
interferences from the following physical/environmental conditions: 
overhead electrical powerlines, transmissions from some hand-held portable 
radios, temperature extremes. humidity, machinery emitting exhaust fumes, 
battery acid. and any other volatile organics that the BNU could detect. 
The lamp lens will need to be cleaned when working in dusty areas, or 
areas with heavy particulates is the air. Both the lamp lens and the ion 
chamber need to be cleaned when in areas of high humidity or precipitation. 
Water should not be sucked into the instrument. 

Operating Procedures 

The following procedures are to be used in operating the analyzer: 

1. Unclasp the cover from the main read-out assembly. 
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of this instrument. 57 1a7
Detection Range 0.1 to 2000 ppm

Minimum Detection Level 0.1 ppm

Maximum Sensitivity 0 to 20 ppm FSD at SPAN = 9.8
(full scale deflection)
0 to 2 ppm FSD at SPAN — 0.0

Repeatability ; 1 of FSD

Linear Range 0.1 to 400 ppm

Useful Range 0.1 to 2000 ppm _—'

Response Time Less than 3 seconds to 90% of,F5b _-

Ambient Humidity up to 90% RH (relatiy4d-ti'\ \
Operating Temperature —10 to 40° C. \ \

Ambient (10 2 and 9 5 eV lamps) -

Operating Time on Battery Approxima•tely 6— 10 hoe: at Lower temp.
(continuous use) time is reduced due to effect of cold

temp an the battery

Recharge time from furl Full recharge 11 - 14 hours Uru.t can be

discharge
' left on the charger and be continuously

zecharged whenever the unit is not in use- (the analyzer will not operate while the
u.nt is on the charger an Intrinsically
Safe feature).

Recharge current Max. 0.4 amps at L V DC

Battery Charger' Power 120 V AC. single phase. 50—60 Hz, 1.5 Amps
230 V AC. single phase. 50—80 Hz, .75 Amps

NOTE: The above specifications apply when the instru.ment is equipped
with 10.2 eV Probe with SPAN set at 9.8 and measuring benzene. Values
will vary for other compounds and conditions. The U is sensitive to
interferences from the following physical/environmental conditions:
overhead electrical powerlines. transmissions from ose hand—held portable
radios, temperature extremes. humidity, machinery emitting exhaust fumes,
battery acid, and any other volatile orga.nlcs that the HNU could detect.
The lamp lens will need to be cleaned when working in dusty areas, or
areas with heavy particulates in the air. Both the lamp lens and the ion
chamber need to be cleaned when in areas of high humidity or precipitation.
Water should not be sucked into the instrument.

Operating Poceduz'es

The following procedures are to be used in operating the analyzer:

1. Unclamp the cover from the main read—out assembly.
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Remove the inner lid from the cover by pulling out the two fasteners in 
order to access the charger, adapter, straps, and probe extension. 

3. Connect the probe cable plug to the I2-pin keyed socket on the read-out 
assembly panel. Carefully match the alignment slot in the plug to the key 
in the connector. Screw down the probe connector until a distinct snap and 
lock is felt. 

4. Screw the probe extension into the probe end cap. The probe nay be used 
without the extension if desired. 

5. Set the SPAN control for the probe being used (10.2. 9.5, or 11.7 eV) as 
specified by the initial factory calibration or by subsequent calibrations. 

6. Turn the function switch to the BATT (battery check) position. The needle 
on the meter will go to the green zone if the battery is fully chargoe\ If 
the needle is below the green arc or if the Low Battery Indicatcomes)On. 
the battery must be recharged before the analyzer is used. lo"'Measurements 
can be taken while charging. 

NOTE: To ensure accurate readings, the ISPI 101,t-s des ned to operate ONLY 
when the battery voltage is greater than 11 V DC. ,ielow,ba'ttery will ;wise 
the analyzer to shut off automatically. 

7. Set the SPAN pot to the desired value based on the gas to be used. 

8. Turn the function switch to---STANDBYposit1on. Turn,the zero adjustment 
until the meter needle,-is at zero. 

9. Turn the function‘switth to,x°he 	ProPbiate operating position. Start with 
the 0-2000,0i-it/on and.then switclo`the more sensitive ranges. The UV 
light ,sodice_lhouId be -on. conflxmed by removing the probe extension and 
briefly Lao-king into the probe to observe a purple glow from the lamp. Do 
not look atthe ligdtsource closer than 6 inches. 

10. The anal4zer-'11 no operational. 

11. Hold the,,,prObe so that the extension is at the point where the measurement 
is to be made. Using a fan. the instrument measures the concentration by 
drawing the gas in at the end of the extension. through the ionization 
chamber. and out the handle end of the probe. 

NOTE: The fan will not operate against a pressure drop. i.e., it will not 
withdraw a sample from a duct with gas moving away from the probe. The ISPI 
101 is designed for ambient (relatively still atmospheres) operation. 

WARNING: Stand up wind from the source whenever sampling. 
The instrument measures gases is the vicinity of the operator 
and a high reading when measuring toxic or explosive gases is 
cause for action for operator safety. 

12. Take the reading or readings as desired, taking into account that air 
currents or drafts. equipment, vehicles, or environmental interferences in 
the vicinity of the probe tip may cause fluctuations in readings. Change 
the ranges as required. Check that the probe you are using will measure 
the ionization potential of the chemical/source that you are sampling for. 
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8. Turn the function switch
until the meter needl

NOTE': The fan will not operate against a pressure drop. i.e.. it will not
withdraw a sample from a duct with gas moving away from the probe. The tSPt
101 is designed for ambient (relatively still atmospheres) operation.

WARNING: Stand up wind tram the source whenever saapLz.ng.
The instrument measures gases in the vicinity of the operator
and a high reading when aeasuring toxic or explosive gases is
cause for action for operator safety.

LZ. Take the reading or readings as desired, taking into account that air
currents or drafts. equipment, vehicles, or environmental interferences in
the vicinity of the probe tip may cause fluctuations in readings. Change
the ranges as required. Check that the probe you are using will measure
the ionization potential of the chemical/source that you are sampling for.
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2. RemoVe the inner lid from the cover by pulling out the two fasteners in
order to access the charger, adapter. straps, and probe extension.

57 las

3. Connect the probe cable plug to the 12—pin keyed socket on the read—out
assembly panel. Carefully match the alignment slot in the plug to the key
in the connector. Screw down the probe connector until a dist.rict snap and
lock is felt.

4. Screw the probe extension into the probe end cap. The probe may be used
without the extension if desired.

5. Set the SPAN control for the probe being used (10.2. 9.5. or 11.7 eV) as
specified by the initial factory calibration or by subsequent calibrations.

6. Turn the function switch to the BATT (battery check) position. The needle
on the meter will go to the green zone if the battery is fully chargd\ If
the needle is below the green arc or if the Low 3attery Indicator-"coae,s--bn.
the battery must be recharged before the analyzer is used. N'measWements
can be taken while charging.

NOTE: To ensure accurate readings, the ISPI 101,,t des±'gned to operate ONLY
when the battery voltage is greater than 11 V C K"iow.-bttery will cause
the analyzer to shut off automatically. _'-' -'"

7. Set the SPAN pot to the desired valte hazed on the

poaitn Turn, the zero

gas to be used.

adjustment

9. Turn the functionswi<tcri to, Leppropiate operating position. Start with
the 0—2000,_.p6iit1a an.d then s,itc ,ta'the more sensitive ranges The UV
light eiirce,,houid be on confj,aed by removing the probe extension and
briefly ],.odkiag int the probe to observe a purple gLow from the lamp. Do
not 1okat the light source closer than 6 inches.

10. The anaiyzer'is aow operational.

11. ilold the 9rObe so that the extension is at the point where the measurement
is to be'aade. ITsing a f an. the instrument measures the concentration by
drawing the gas In at the end of the extension, through the ionization
chamber, and out the handle end of the probe.



57 139 

13. Check the battery condition as required. If the Low Battery Indicator 
comes on. turn the analyzer off and recharge. Measurements cannot be taken 
while charging. 

14. After completion of use, check the battery condition as described in *6. 

15. Turn the function switch to the OFF position. 

16. When not operating the analyzer, leave it in its assembled condition and 
connected to the battery charger. 

17. When transporting the unit. disassemble the probe and its extension from 
the read-out assembly and return the equipment to its stored position. 

18. In case of emergency. turn the function switch to the OFF position. 
Battery Charge  

Check the battery charge as described above in * 6. during 	period of 
operation. If the battery is low, as indicated by the 	er edaIng\it\is 
necessary to recharge it. \ 

To charge the battery, locate the Battery Charge Adapt 	. (which is 
d, comprised of a 1/4-inch phone plug on one-end 	amini 	one jack on the 

other). Press the 1/4-inch phone plug ontothe-mating read-out assembly jack 
installed on top of the ISPI 101 battery charger case: Attach the charger cable 
with the mini-plug into the,sk6T2Iack of the.,bittery'oherger adapter cable. The 
charger can then be plugged iht,c a \1.20 VAC'Or,-2-30NA-C (as specified by charger) 
single phase. 50-60 Bz'outlet-. 'Recharge tire unit in a non-hazardous atmosphere. 

The analyzer,cannot be operatedduringthis recharging period. Leave the 
function,switch.-in the OFF position.-dUring charging. After the charging 
period:the--b-ittery charger can be detached from the analyzer and reassembled 
in the reverse order as described above. 

Rechecking the'battery's newly charged condition can be accomplished with the 
analyzer assembled. the probe attached and the function switch set to the BAIT 
position. ',,,The meter should deflect to the green region. 

NOTE 1: The probe assembly must be attached to the analyzer during the 
battery check. Without following this procedure, the instrument will not 
indicate the correct battery condition. 

NOTE 2: The instruction on the cover of the battery charger instruct the 
user to "place output plug into jack on the left side of bezel." This is 
incorrect. The output plug should be attached to the charger adapter cable 
as explained above. 

Calibration  

The ISPI 101 Analyzer is designed for trace gas analyzer in ambient air and is 
calibrated at FINU with certified standards of benzene. vinyl chloride and iso-
butyleae. Good instrumentation practice calls for calibration on the species 
to be measured in the concentration range to be used. This procedure assures 
the operator that the analyzer is operating properly and will generate reliable 
data. 

Some general points to consider when calibrating the ISPI 101 are that the 
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13. Check the battery condition as required. If the Low Battery Indicator

comes on. turn the analyzer off and recharge. Measurements cannot be taken
while charging.

14. After completion of use, check the battery condition as described in *6.

15. Turn the function switch to the OFF position.

16. When not operating the analyzer, leave it in its assembled condition and
connected to the battery charger.

17. When transporting the unit, disassemble the probe and its extension from
the read—out assembly and return the equipment to its stored position.

18. In case of emergency, turn the function switch to the OFF position.—'
Battery Charge

Check the battery charge as described above in * 6. during ea.4per±od f
operation. If the battery is low, as indicated

by
,).eer iaTing,\it\is

necessary to recharge it.

To charge the battery, locate the Battery Charge Adapt' abfr?(which t
comprised of a 1/4—inch phone plug art one- end'. and a minipl1ne jack on the
other) Press the 1/4-inch phone plug onto the mating read—out assembly jack
installed on top of the ISPI 101 battery tharger case' Attach the charger cable
with the mini-plug into the m-xiack of the..-attery cbeer adapter cable The

charger can then be plugged irp a 120 VA or20VAC (as specified by charger)
single phase, 50—60 a,z-outlzt'. echarge the' unit in a non—hazardous atmosphere.

The analyzeennot be operated du,ringthis recharging period Leave the
function itch.-i-n the OFF pa itior,.-dtiring charging. After the charging
perjod the.—btery charger can be detached from the analyzer and reassembled
in the. reverse order as described above.

Rechecking the battery's newly charged condition can be accomplished with the
analyzer assembLed. the probe attached and the function, switch set to the BAT'I
position. 'hi eter should deflect to the green region.

NOTE 1: The probe assembly must be attached to the analyzer during the
battery check. Without following this procedure, the instru2ent will not
indicate the correct battery condition.

NOTE 2: The instruction on the cover of the battery charger instruct the
user to place output plug into jack on the left side of bezel. This is
incorrect. The output plug should be attached to the charger adapter cable
as explained above.

Ca]. ibrat ion

The ISPI 101 Analyzer is designed for trace gas analyzer in a2bient air and is
calibrated at NU with certified standards of benzene. vinyl chloride and iso—
butylene. Good instrumentation practice calls for calibration on the species
to be measured in the concentration range to be used. This procedure assures
the operator that the analyzer is operating properly and will generate reliable
data.

Some general points to consider when calibrating the ISPI 101 are that the
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analyzer is designed for operation at ambient conditions and therefore the gas 
standards used for calibration should be delivered to the analyzer at ambient 
temperatures and pressure and at the proper flow rates. 

The instrument shall be internally calibrated with benzene on an annual basis. 
This shall be accomplished by the Industrial Hygienist and/or designee. Cali-
brations with benzene of any other toxic or hazardous gases must be done under a 
hood. Reference will be made to calibration checking with isobutylene. This 
shall also be referred to as a calibration. Isobutylene is used as a reference 
gas and the instrument is calibrated externally by adjusting the external span 
control knobs. Isobutylene is a non-toxic gas. therefore these calibrations do 
not have to be done under a hood. 

The frequency of calibration should be dictated by the usage of the analyzer and 
the toxicity of the species measured. If the analyzer has been serviqeddr 
repaired, calibration should be done to verify operation and perfarminceihen 
using the instrument at possible hazardous waste sites or in aietUationi involv-
ing unknown chemicals. the instrument should be calibrated4aily„in,a "clean" 
non-hazardous area. 

-,,t, 
The calibration results. along with instrument frelcLreadtags Must be''recorded 
in the orange health & safety log book. 	 ,z,---' 

.---''''  
Best operation of the analyzer is accmpllshed by its calibration for the gas to 
be measured. In cases where it becomes nicassarr,to-operate with a gas for 
which it has not been calibraret■and necalibration isrnOt possible. correction 
can be made to the meter,riading. One 	 to 	the meter reading 

',41Xk 
by a correction factor-.'" Thia-4qua ion and,-Accompanying photoionization sensi-
tivities can be found in-'M'ection . and Table 8-14 respectively in the HNU 
Instruction WifilThisi.a---to be uM0.-tinly when measuring a known solitary 
gas. It cannot be used withgt's Mures. Consult sections 8.1 and 8.3 of the 
HNU InstructkOn Manualfortalibration with a special mixture or with an z, 
alternate4as. 

Probe 

1. Identify,the lamp by the probe label. If a question exists. disassemble the 
probe and inspect the lamp. The energy of the lamp is etched into the glass 
envelope. If the lamp appears to need cleaning, see the Section titled. "UV 
Lamp and Ion Chamber Cleaning". 

2. Connect the probe to the read-out assembly. A small "click" will indicate 
that the probe is fitted securely into the instrument. 

3. The calibration cylinder should be consulted for the proper value (ppm) for 
the probe being calibrated. Refer to the following Section titled. 
"Calibration Checking with Isobutylene". 

4. Check the Ionization Potential (IP) of the calibration gas to be used. The 
IP of the calibration as must be at or below the IP of the lamp.  

S. Proceed with the calibration as described below. 

Calibration Checking with Isobutylene  

The calibration of the analyzer can be rapidly checked by the use of an HNU 
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analyzer is designed for operation at ambient conditions and therefore the gas
standards used for calibration, should be delivered to the analyzer at ambient
temperatures and pressure and at the proper flow rates.

The instrument shall be internally calibrated with beazene on an annual basis.
This shall be accomplished by the Industrial Hygienist and/or designee. Cali-
brations with berizene of any other toxic or hazardous gases must be done under a
hood. Reference will be made to calibration checking with isobutylene. This
shall also be referred to as a calibration.. Isobutylene is used as a reference
gas and the instrument is calibrated externally by adjusting the external span
control knobs. Isobutylene is a non—toxic gas, therefore these calibrations do
not have to be done under a hood.

The frequency of calibration should be dictated by the usage of the analyzer and
the toxicity of the species measured. If the analyzer has been serviç2'O.r
repaired, calibration. should be done to verify operation and perfo2nce—heri
using the instrument at possible hazardous waste sites or in stuatiots irwolv—
ing unknown chemicals the instrument should be calibrated4aily rfl a "clean"
non-hazardous area. }
The calibration results along with instrument field edug"must be recerded
in. the orange health & safety log book. _—"

Best operation of the analyzer is accompLished by its calibration for the gas to
be measured In cases where it becomes necessary to operate with a gas for
which it has not been calibrtend recalibation is not possible correction
can be made to the mete ading. \On me hod.. l's t. multiply the meter reading
by a correction factar- ThjcS'equation and. accompanying photoionization sensi-
tivities can be found ir',ecti and Table 8'i4 respectively in. the HNU
Instruction Ma'thiii This "toe U$4frSiOfllY when measuring a known solitary
gas It caruiot be used with gas mtures Consult sections 8 1 and 8 3 of the
MNU tn.structro '4anua], for calibration with a special mixture or with an
alternatagas

Probe

1. Identify,tiie lamp by the probe label. If a question exists, disassemble the
probe and inspect the lamp. The energy of the lamp is etched into the glass
envelope. If the lamp appears to need cleaning, see the Section titled. "(IV

and ton Chaiber' Cleaniar.

2. Connect the probe to the read—out assembly. A small "click" will indicate
that the probe is fitted securely into the instrument.

3. The calibration cylinder should be consulted for the proper value (ppm) for
the probe being' calibrated. Refer to the following Section titled,
"Calibre'tio.a Check.zzxg wirfr Isobutylene".

4. Check the' Ionization Potential lIP) of the calibration gas to be used. ii
I? of' the calibration as must be at or below the IP of the lamp.

5. Proceed with the calibration as described below.

Calibration Checking' with tsobutylarie

The' calibration, of the analyzer can be rapitly checked by the use of an WU
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small disposable cylinder containing isobutylene and a regulator. Consult 
SeCtion 3.4 of the HNU Instruction Manual for internal calibrations with 
benzene. 

1 	Battery check - with the probe attached, turn the function switch to BATT. 
The needle should be in the green region. If not, recharge the battery. 

2 	Zero set - with the probe attached, turn the function switch to STANDBY. In 
this position the lamp is OFF and no signal is generated. Set the zero 
point with the ZERO set control. 

3. Connect the analyzer to the regulator and cylinder with a short piece (butt 
connection) of tubing. The calibration gas in the cylinder consists of a 
mixture of isobutylene and zero air. Isobutylene is nontoxic and safe to 
use in confined areas. There are no listed exposure levels at any oncen-
tration. 

The regulator sets and controls the flow rate of gas at elralue\preset at 
the factory. This will be about 100 - 200 cc/min. 

It is important that the tubing be clean sincez cont 
effect the calibration reading. Do not use the cyl 
as readings below that level can deviate up to 10% fr 
Notify the instrument technician when,a cylinder is at30 psig so additional 
gas cylinders can be ordered. Safely discard the disposable cylinder when 
empty. 

4. Open the valve on the cylinder until a_steady reading is obtained. This 
should take 30-60 seconds., 

5. Turn 	function switch to the,range position and note the meter reading. 
Adj,dat ,;ner'SPAN control setting as required to read the ppm concentration of 
the standard for the probe being used. The span should not have to be 
adjusted below. 3.0.. Notify the instrument technician if this is the case. 
This indicates that either the lamp is dirty, the lamp needs to be replaced, 
or the iIiStrtment needs to be calibrated internally with benzene. 

6. Shut off the cylinder as soon as the reading is established. 

T. Record and maintain this new SPAN setting. 
Maintenance  

Introduction  

User maintenance of the analyzer consists of cleaning the lamp and ion chamber, 
and replacing the lamp or ion chamber. Other component parts or subassemblies 
may be serviced only by a service person trained and authorized by EMU Systems, 
Inc. EMU Systems has made this policy to maintain the Intrinsically Safe prop-
erties of the ISPI 101. 

MARKING: Turn off the function switch on the control panel to the 
OFF position before probe disassembly. Otherwise, high voltage of 
1000 MC will be present in the probe assembly. 

Do not look at the light source from closer than 6 inches with 
unprotected eyes. Observe the source only briefly. Continued 

tubing' will 
ow about' 30 psig 

the rated value. 
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small lsposable cylinder containing isobutylene and a regulator. Consult
Section 3.4 of the HNU Instruction Manual for Internal calibrations with
berizerie.

1. Battery check - with the probe attached, turn the function switch to BATT.
The needle should be in the green region. tf not. recharge the battery.

2. Zero set — with the probe attached, turn the function switch to STANDBY. In
this position the lamp is OFF and no signal is generated. Set the zero
point with the ZERO set control.

3. Connect the analyzer to the regulator and cylinder with a short piece (butt
connection) of tubing. The calibration gas in the cylinder consists of a
mixture of isobutylene and zero air. Isobutylerie is nocitoxlc and safe to
use in confined areas. There are no listed exposure levels at any.ftcen—
trati on.

The regulator sets and controls the flow rate of gas at •val2\preset at
the factory. This will be about 100 — 200

cc/min—
It is important that the tubing be clean since cortmiatd tubing wiLl
effect the calibration reading. Do not use the cy1j.rrder)e1ow about30 psig
as readings below that level can devateup to lO fhe rated value.
Notify the instrument technician when a cylinder isat 30 psig so additional
gas cylinders can be ordered Safely discard the disposable cylinder when
empty

4 Open the valve on the cylliider until a stady readi.rig is obtained This
shou.d take 30-60 seconds

5 Turn rIion switch to the r'aige position and note the meter reading
Adj'.tst )e'SPAN control setting as required to read the ppm concentration of
the standard for the probe being used. The span should not have to be
adjusted below 3.O Notify the instrument technician if this is the case.
This indicates that either the lamp is dirty the lamp needs to be replaced
or the istr,aerit needs to be calibrated internally with berizene.

6. Shut of the cylinder as soon as the reading is established.

T. Record and maintain this new SPAN setting.
Maintenance

rntroduction

User maintenance of the analyzer consists of cleaning the lamp and ion chamber,
and replacing the lamp or ion chamber. Other component parts or subassemblies
may be serviced only by a service person trained and authorized by HNU Systems.
Inc. NU Systems has made this policy to maintain the intrinsicaLly Safe prop-
erties of the ISPI 101.

WARWING: Thrn off the function switch OD the control panel to the
OFF post tioa before probe disasseably. Otherwise, high vol tage of
.zooo V/DC will be present in the probe asseably.

Do not look at the light source froa closer than 8 inches with
unprotected eyes. Observe the source on.ly briefly. Continued
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exposure to ultraviolet energy generated by the light source can 
be harmful to eyesight. The lamp cannot be observed with the 
probe extension attached. 

Do not interchange lamps of different eV ratings in a probe. 
Amplifier and other components are selected for a specific eV 
lamp. A probe with the wrong lamp will not operate properly. 

Cleaning Procedure for ISPI 101 Lamps and Ion Chamber  

During periods of operation of the analyzer. dust or other foreign matter could 
be drawn into the probe, forming deposits on the surface of the UV lamp or the 
ion chamber. This condition is indicated by meter readings that are low, 
erratic, unstable, non-repeatable, or drifting. or apparently due to moisture 
sensitivity. These deposits interfere with the ionization process and,zalise 
erroneous readings. Check for this condition monthly or more oftet...4s mired. 

Lamo 	Removal 

1. Remove 5/32" hex screw. (exhaust screw) with Allen„mten;h11rovided:\  Slide 
the innards out of the probe shell. 

2. Remove the probe from the unit. }told the probe uprIght. cable down. Remove 
the two cross-headed screws that hold the black end cap. Carefully remove 
the end cap. Remove the,twa,screws holding the ion chamber on and lift the 
chamber off of the probe. 

3. Loosen the small set screw)in helside of the lamp housing, place your hand 
over theene-of the probe" and tilt.„,'The lamp will fall into your hand. 
Notice,the eV nuaber etched-On 	lamp. 

Lamb Cleating: 10.2 and 9.5 eV  

1. Put a small drop_nf WU Cleaning Compound (Part *80-PA 101534-A1) (or 
GLEEMTN-tOotbpaste on the lens of the lamp (the small glass circle on the 
metal end-):" 

2. Using a nonlinting tissue, rub in a circular motion until all residue is 
removed. 

3. Rinse with hot, clean tap water, and dry with nonlinting tissue. 

4. If the leas is still not clean. repeat Steps 1, 2, and 3. 

Lamp Cleaning: 11.7 eV  

1. Clean the lens only (the small glass circle on the metal end) with FreonTM 
or any chlorinated organic solvent to remove any deposits, using a non-
linting tissue, 

2. Do NOT use END Cleaning Compound, water. or any water-miscible solvent on 
these lamps. 

Cleaning can be accomplished as follows: 
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exposure to ultraviolet enerzy generated by the light source can
be hariful to eyesight. The lamp cannot be observed with the
probe extension attached.

Do not interchange lamps of different eV ratings in a probe.
Amplifier and other components are selected for a specific eV
lamp. A probe with the wrong lamp will not operate properly.

Cleaning Procedure tar ISPI 101 Lamps and tort Chamber

During periods of operation of the analyzer, dust or other foreign matter could
be drawn into the probe. orming deposits on the surface of' the UV lamp or the
ion chamber. This condition is indicated by meter readings that are low.
erratic, unstable, non—repeatable, or drifting, or apparently due to moisture
sensitivity. These deposits interfere with the ionization process and4se
erroneous readings. Check for this. condition monthly or more oftert.'a rquired.

Cleaning can be accomplished as follows: ._.-' c
Lamo Remav'al —
1. Remove 5/32" hex screw (exhaust screw) with kI1en...wenc3rovided SLide

the innards out of the probe shell.

2. Remove the probe from the unit. }ld the probe. upright, cable down. Remove
the two cross-headed screws that hold the black end cap Carerully remove
the end cap Remove the ..tws screws holding the ion chamber on a.nd 1ft the
chamber off of the probe

3. Loosen the small setscrew,.)iriIr.teiside of the lamp housing, place your hand
over the eof the probe and tilt .- The lamp will fall into your hand
otice-theeV nuaber etche cU} lamp

Lamp Cleaning 10 2 and 9 5 eV

1. Put asmalldrop....óf W Cleaning Compound (Part *80—PA 101534-Al) (or
GLEE.fTM'toothpaste on the lens of the lamp (the small glass circle on the
metal en4)-

2. Using a rionlinting tissue, rub in a circular motion until all residue is
removed.

3. Rinse with hot, clean tap water, and dry with nortlinting tissue.

4. It the lens is still not clean, repeat Steps 1, 2. and 3.

Lamp Cleaning: 11.7 eV

1. Clean the lens. only (the small glass circle on the metal end) with Freon
or any chlorinated organic solvent to remove any deposits, using a non—
linting tissue.

2. Do 4OT use U Cleaning Compound, water, or any water-miscible solvent on
these lamps..
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1. Remove the "0" Ring from the side opposite the wire mesh and save. 

2. Agitate the whole assembly in a beaker of methanol or acetone, or place the 
beaker and contents in an ultrasonic bath for ten minutes. 

3. Remove the beaker and shake out the surplus solvent. Dry overnight at room 
temperature or bake for two hours in a drying oven at 100°C. Do not dry at 
temperatures over 100°C. Allow chamber to cool completely before 
reinstalling. 

4. In an emergency, careful use of a hair dryer is permissible. 

Reassembly  

1. Hold the probe upright. cable down. and replace the lamp wi 	the, enS 
uppermost. Tighten the set screw in the lamp housing aftir insertion. 

2. Replace the "0" Ring in the groove in the ion c 	ide opposite, the 
wire mesh). 

3. Place the ion chamber over the lamp with the wire mes side on top. Make 
sure all the connection pins. screw holes. and the 'Vent hole in the ion 
chamber are correctly aligned. (The small vent hole in the ion chamber 
lines up with the vent hol,d—in the probe., which has.- 4 small black "0" Ring 
around it). Secure the chamber with ..the two, screws. 

4. Replace the probe cap. not4nghe alignment•of screw holes. Replace the two 
screws anci-tighten evenly'. 

5. Repiace the lamp housing in the probe shell, aligning the exhaust ports and 
the amplifier board. connector. Secure with the hex exhaust screw. 

S. Reattach the probe to the analyzer and check the analyzer operation. 

7. If performance is still not satisfactory, replace the lamp. 

The unit is now ready to be used. 

Lamp Replacement  

CAUTION: Do not interchange lamps of different eV ratings in a 
probe. Amplifier and other components are selected for a specific 
eV lamp. A probe with the wring lamp sill not operate properly. 

To replace the lamp. disassemble the probe, remove the old lamp, install a new 
one of the same eV rating and reassemble. Record this on the HNU's Data Sheet 
which is located in the top drawer Equipment Files in Rock 212. 

WARNING: TUrn off the function switch on the control panel to the 
OFF position before probe disassembly. Otherwise, big* voltage of 
1000 VDC will be present in the probe assembly. 
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1. Remove the "0" Ring from the side opposite the wire mesh arid save.

2. Agitate the whole assembly in a beaker of methanol or acetone, or place the
beaker and contents in an ultrasonic bath for ten minutes.

3. Remove the beaker and shake out the surplus solvent. Dry overnight at room
temperature or bake for two hours in a drying oven at 100°C. Do not dry at
temperatures over 100°C. Allow chamber to cool completely before
reinstalling.

4. In an emergency, careful use of a hair dryer is permissible.

Reassembly

1. Hold the probe upright, cable down. and replace the lamp wie,lé'
uppermost. Tighten the set screw in the lamp housing afr psert,ion.

2. Replace the "0" Ring in the groove in the ion caSekiIde opposite the
wire mesh). :•'

3. Place the ion chamber over the lamp w'tth the wire ie3briIe on top. Make
sure all the connection pins. screw holes. and the fent hole In the Ion
chamber are correctly aligned. (The sall vent hole in the ion chamber
lries up with the vent ho,,14-.n the probe.. which has-a small black 0' Ring
around it) Secure the chamber with .the two screws

4 Replace the probe cap notnhe alignment of screw holes Replace the to
screws and tlgiteu evenly'

5 Rep'lace the lamp housing in the probe shell aligning the exhaust ports and
the amplifier board connector Secure with the hex exhaust screw

6 Reattach the probe to the analyzer and check the analyzer operation

7 If performance is still not satisfactory replace the lamp

The unit is now ready to be used.

Lamp Replacement

CAUTION: Do not interchange lamps of different eVratlrzgs l.a a
probe. Amplifier and other components are selected for a specific
eV lamp. A probe with the wring leap will not operate properly.

To replace the lamp, disassemble the probe, remove the old lamp, install a new
one of the same eV rating and reassemble. Record this on the U's Data Sheet
which is located in the top drawer Equipment Files in Room 212.

VARYING: Duin off the fzactlori switch on the control panel to the
OFF position before probe disassembly. Otherwise, high voltage of
1000 VDC will be present ia the probe assembly.
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If different applications for the analyzer would require lamps of different eV 
power, then separate probes, each with its own eV lamp must be used. A single 
read-out assembly will serve for any of the probes. A change in probe will 
require resetting of the ZERO control and the SPAN control. Calibration should 
be checked to verify proper operation. 

Probe Assembly/Disassembly 

',LAMING: Tura off the !Unction switch on the control panel to the 
OFF position before probe disassembly. Otherwise, high voltage of 
1000 MC will be present in the probe assembly. 

Disassemble the probe by first removing the exhaust screw at the base of }he 
probe adjacent to the handle using the 5/32" hex key (Allen wrench).„MiCOnnect 
the probe cable connector at the read-out assembly. Grasp the end-bap 4..gy-One 
hand and the probe shell in the other, gently pull to separate-the end(cap and 
the lamp housing from the shell. 	\ 

Hold the lamp housing with the black end cap upright. Lotien,the screws
\ 
 On the 

top of the end cap, separate the end cap from the lamp'"hourrnv Remove Lie two 
screws on the ion chamber and separate the,chamber frOm'ihe,laMp housing. To 
remove the lamp, locate the lamp retaining screw on the,s1Cle of the lamp housing 
and remove. 

CAUTION: Care must be--Takeo so that,tHe lamp &les aot fall oat 
of the lamp housine-when_the'retainiag)miesi-14 removed. 

Place one hand over the ̀ top bf-'t 	aMp housing and tilt slightly. The light 
source will,slide out of'the housing.  

Reasseimble,the probe by first sliding the lamp back into the lamp housing and 
aligningthe screw hole:in the lamp retaining ring with the aperture on the side 
of the lamp housing.thed install the lamp retaining screw and tighten. 

CAUTION: ,Ofiertightening this screw may break the lamp. DO NOT 
OVERTIGRTEN. 

Place the ion chamber on top of the lamp housing, making sure that the contacts 
and the vent hold are properly aligned. The ion chamber fits only one way: 
secure it with the two screws. 

If the ion chamber is to be replaced, always use one identical to the one being 
removed. Check the aperture (small: 3.0 an. used with the 10.2 eV lamp: large: 
6.0 am, used with the 9.5 and 11.7 eV lamps) at the top of the ion chamber and 
materials of construction (gold-plated or Teflon") to ensure proper replace-
ment. See Parts List. 

Check the ion chamber electrodes (on the side with NO mesh): the collecting 
electrode (a disk about I" fa diameter) must not touch the polarizing electrode 
(the central pin). If they do, call ENO Systems. Inc. 

Place the end cap on top of the ion chamber and replace the two screws. Tighten 
the screws only enough to seal the *Cr Ring. 
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If different applications for the analyzer would require lamps of different eV
power, then separate probes, each with its own eV lamp must be used. A single
read—out assembly will serve for any of the probes. A change In probe will
require resetting of the ZERO control and the SPAN control. Calibration should
be checked to verify proper operation.

Probe Assembly/Disassembly

WARRING: Tzzru off the fizactjoa switch on the control panel to the

OFF position before probe disasseably. Otherwise, high voltage of
1000 VVC will be present in the probe asseably.

Disassemble the probe by first removing the exhaust screw at the base ofhe
probe adjacent to the handle using the 5/32w hex key (Allen wrench).,,31sconnect
the probe cable connector at the read—out assembly. Grasp the end—àp Urne
hand and the probe shell in the other, gently pull to separate—the end(cap and
the lamp housing from the shell

\

Hold the lamp housing with the blac'c end cap uprigt tziosen,,.the screws on the

top of the acid cap separate the end cap from the lamp houzf'ng Re'novet'te t140

screws on the ion chamber and separate the chamber frox the _kamp housing To
remove the Lamp. locate the lamp reeaining screw on thes-rde of the lamp housing
arid remove-.

C.4OTION Care lust b. taken so that the lamp does not fall oat
of the lamp hous.z zig whenthe ret4.z.a.zg screw Is reaoved

Place one hand over the top ofthElap housing and tilt slightly The light
source will slide out of the hous..ng ,..

Reass-emble,tie probe by first sliding the lamp back into the lamp housing arid
aligning the screw hole in the lamp retaining ring with the aperture on the side
of the lamp housing then install the lamp retaining screw and tighten

cAarzoN: Overtighten.tg this screw may break the lamp. DO NOT
OVER2'IGRTZN.

Place the ion chamber on top of the leap housing, making sure that the contacts
and the vent hold are properly aligned. The ion chamber fits only one way;
secure it with the two screws.

If the ion chamber is to be replaced, always use one identical to the one being
removed. Check the aperture (smalL: 3.0 mm. used with the 102 eV lamp: large:
.O ma, used with the 9.5 and 11.7 e'1 lamps) at the top of the ion chamber and
materials of construction (gold—plated or TeflonT) to ensure proper replace—
zent. See Parts List.

Check the ion chamber electrodes (on the side with NO mesh): the collecting
electrode (a disk about 1" in diameter) must not touch the polarizing electrode
(the central pin). If they do. call. W Systems, Inc.

Place the end cap on top of the ion chamber and replace the two screws. Tighten
the screws only enough to seal. the 0 Ring.
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CAUTION: DO NOT OVERTIGHTF.N THESE SCREWS 57 145 
Line up the pins (pogo contacts) on the base of the lamp housing with the pins 
inside the probe shell. Gently slide the housing assembly into the probe shell. 

The end cap should meet the probe shell evenly after final assembly. If not, 
the ion chamber may be installed wrongly. 

CAUTION: DO NOT FORCE the assembly into the shell. It fits only one way. 

If the probe does not reassemble readily, remove it from the shell and check pin 
alignment. Check to ensure pogo contacts are not bent. Refasten the exhaust 
screw at the base of the probe. 

Align the 12-pin probe connector to the read-out assembly and reconnect w h a 
twisting motion until a click occurs. The lamp should light if the f ction 
switch is turned to any position except STANDBY. 

Read-out Unit  

WARNING: The read-out Unit should NEVER be,a eae eac 	by a' 
service person certified and authorized by -B1aX 	 Inc. 
Leave the case on the Read-out Unit,,- which is fir 	with a 
tamper-proof seal. 

62.2-11 

CAUTION: DO NOT OVERTIGHTER THESE SCREWS 57 145
Line upt'he pins (pogo contacts) on the base of the lamp housing with the pins
inside the probe shell. Gently slide the housing assembly into the probe shell.

The end cap should meet the probe shell evenly after final assembly. If not,
the ion chamber may be installed wrongly.

CAUTION: DO NOT FORCE the asseably into the shell. It fits only one way.

If the probe does not reassemble readily. remove it from the shell and check pin
alignment. Check to ensure pogo contacts are not bent. Refasten the exhaust
screw at the base of the probe.

Align the 12-pin probe connector to the read—out assembly and reconnect a

twisting motion until a click occurs. The lamp should light if the
switch is turned to any position except STANDBY.

Read—out Unit

WARi'ING: The read—out Un.it should NEVER be..
service person certified and authorized by
Leave the case on the Read—out Unit, which
taiper—proof seal.

—
—
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SIP 1000 ORGANIC VAPOR ANALYZER  

Purpose  

The SIP 1000 Organic Vapor Analyzer is for the detection of organic vapors in 
the work environment. The unit is to be operated only by personnel signed off 
by the Industrial Hygienist as qualified to operate this instrument. 

Charcre/Discharge. Characteristics  (Refer to Figures 1(a) and 1(b)) 

The battery is a 12-volt, 1.9 ampere-hour sealed lead-acid type that can be 
operated in any orientation. Since any battery loses capacity through elf- 
discharge, it is recommended that a "top charge" be applied to any 	tery 

which has been stored prior to putting it in service. With the wer,and 
pump switches off (not depressed), connect the battery and 	rger as 
indicated on the back of the SIP 1000. Plug the batter 	aEgetrAnto, the 
appropriate AC power source, as indicated on the ch 	 d let the battery 
charge for 16 hours. 

Connections  

1. Fasten the 1/4-inch x 6-inch long probe\to the probe hand grip (1/4" 
fitting). 

2. Connect the probe hand grlp to the sample inlet fitting on the back of the 
unit with-the 1/8" coiled tef ion tubing provided. 

3. Turn of,f-the hydrogen cylinde after the hydride has been charged, and 
unpIng the quick connect by grasping the hydride container and pulling the 
knurled portion of the connector toward you. Unfasten the tubing from the 
hydrogencylinder and connect it to the carrier inlet fitting (1/8") on 
the back of,/the SIP-1000. CAUTION: Never disconnect the tubing from the 
hydrogen'Cylinder or carrier inlet with the hydride connected as this will 
discharge the stored hydrogen. 

4. Check the battery and charger to see that they are properly connected. 

5. Connect the cable between the signal jack and any appropriate accessory 
recording instrument. 

Operation  

Turn On 

Remove the reaction chamber cap, grasp the reaction module by the "0" ring and 
firmly pull it out of the chamber. 

Electrical Shock 

Depress the PWR switch and note the display will read [E E E E], indicating 
the program has been erased. Depress the MODE switch once. The display will 
read between [0 0 0 0] and [0 0 0 5] within a few seconds, indicating that the 
electronics are functioning properly. 

. - 
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SIP 1000 ORGANIC VAPOR ANALYZER

Purpose

The SIP 1000 Organic Vapor Analyzer is for the detection of organic vapors in
the work environment. The unit is to be operated only by personnel signed off
by the Industrial Hygienist as qualified to operate this instrument.

Chare/Dischare Characteristics (Refer to Figures 1(a) and 1(b))

The battery is a 12-volt, 1.9 ampere—hour sealed lead—acid type that can be
operated in any orientation. Since any battery loses capacity throughelf—
discharge, it is recommended that a "top charge" be applied to anyattexy
which has been stored prior to putting it in service. With thp6weranTd
pump switches off (not depressed), connect the battery and Ørrger as
indicated on the back of the SIP 1000. Plug the batti to.the
appropriate AC power source, as indicated on the ;he battery
charge for 16 hours.

Connections

1 Fasten the 1/4—inch x 6—J.zich long ptobe to the pr
fitting)

—
-

2 Connect the probe band grip to the sample inlet fitting on the back of the
unit with—the 1/8" coUed teflon tubing provided

—
3 Turn of the hydrogen cylinde after the hydride has been charged and

unpkü the quick connect by grasping the hydride container and pulling the
knurled portion of the connector toward you. Unfasten the tubing from the
hydrogericylinder and connect it to the carrier inlet fitting (1/8") on
the back ofthe SIP—bOO. CAUTION: Never disconnect the tubing from the
hydrogew cylinder or carrier inlet with the hydride connected as this will
d1scharge the stored hydrogen.

4. Check the battery and charger to see that they are properly connected.

5. Connect the cable between the signal jack and any appropriate accessory
recording instrument.

Qperation

Turn On

Remove the reaction chamber cap, grasp the reaction module by the "0" ring and
firmly pull it out of the chamber.

Electrical Shock

Depress the PWR switch and note the display will read [E E E E], indicating
the program has been erased. Depress the MODE switch once. The display will
read between (0 0 0 0] and [0 0 0 5] within a few seconds, indicating that the
electronics are functioning properly.
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FIGURE 1(a). 	DISCHARGE CHARACTERISTICS 
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Depress the PUMP switch, and you will hear the pump operate. Place your 
finger over the sample probe inlet and note the pump will "load down," 
indicating no major leaks in the sampling system. Turn off the POWER switch 
before proceeding. 

Pbotoionization Detector (PID) Check 

NOTE: Refer to the appropriate section for checking the specific detector 
options you have purchased. Insert the PID reaction module, (the one with the 
lamp window visible through the base), observe the keyway when inserting. 
Replace the reaction chamber cap. CAUTION: do not overtighten. The module 
is properly sealed as soon as some resistance is felt. Turn on the POWER 
switch, and note through the hole in the chamber cap that the ultra--violet 
lamp is on. The display again reads [E E E E] until you depress'the,MODE 
switch once, at which time it will display background ionixetion counts. If 

0AngrsyStemto flush 
ple probe im,an area 
will ionize. most 
volts. \,Ttfin off 

proceeding to the 

the display reads [ H I ), wait a few minutes for the 
and the count rate to drop. If it does not, place, 
where it will sample uncontaminated air. The stand 
gases with an ionization potential at or below 10. 
the power switch and remove the PID reaction module-be 
"Flame Ionization Detector Check." ' 

Flame Ionization Detector (Pm) Check 

Insert the FID reaction madiie. lthe one, with the black anodized base), again 
observing the keyway. Replace „the cap'and again do not overtighten. Plug the 
quick connect -into the hydride container or other hydrogen source such as a 
compressed gas cylinder or hydrogeegenerator. Set the SIP 1000 regulator at 
15,tt 20„pSi: this corresponds to a flow rate of approximately 50 cc/min. 
Turn an the POWER and. PUMP, and wait about 30 seconds for the hydrogen to 
flush the column and reach the flame jet. The display will again read 
[E E E E). Depress the MODE switch, and the display will read between 
[0 0 0 01 to [0'0 0 5]. Depress the IGNITE switch. and listen for the PID to 
ignite. You will hear a slight "pop," and the display will indicate 
background count. Reduce the pressure to between 5 and 7 psi for normal 
operation. CAUTION: Excessive hydrogen flow will cause the flame to burn too 
hot: this causes high background noise and may result in damage to the 
reaction chamber or module. 

NOTE: Turn off the power and insert the reaction module you wish to calibrate 
before proceeding. 

Thermal Conductivity Detector (TCD) 

The TCD reaction module is only used in the gas chromatograph configuration 
and will be discussed in specific application notes. 

NOTE: Turn off the POWER and insert the reaction module you wish to 
calibrate before proceeding. 
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Depress the PUMP switch, and you will hear the pump operate. Place your
finger over the sample probe inlet and note the pump will "load down,"
indicating no major leaks in the sampling system. Turn off the POWER switch
before proceeding.

Pbotoionization Detector (PID) Check

NOTE: Refer to the appropriate section for checking the specific detector
options you have purchased. Insert the PIE reaction module, (the one with the
lamp window visible through the base), observe the keyway when inserting.
Replace the reaction chamber cap. CAUTION: do not overtighten. The module
is properly sealed as soon as some resistance is felt. Turn on the POWER
switch, and note through the hole in the chamber cap that the ulta-i,io1et
lamp is on. The display again reads [E E E E] until you depresetheMODE
switch once, at which time it will display background ion1zition.counts. If
the display reads t H 1 3, wait a few minutes for the plf'stem to flush
and the count rate to drop. If it does not, place..X1e sale probe in an area
where it will sample uncontaminated air. The stdPdlamV\will ionize most
gases with an ionization potential at or below io.ie Trp.voits. Turn off
the power switch and remove the PIE reaction modulebef,(proceeding to the
Flame Ionization Detector Check "

Flame Ionization Detector (P!D) Check

Insert the PIE reaction module (the one with the black anodized base) again
observing the keyway Replace the cap and again do not overtighten Plug the
quick connect into the hydride contaixer or other hydrogen source such as a
compressed gas cylinder or hydrogr(generator Set the SIP 1000 regulator at
15 to 20 psi this corresponds to a flow rate of approximately 50 cc/mm
Turn on the POWER and PUMP, and wait about 30 seconds for the hydrogen to
flush the column and reach the flame jet. The display will again read
[E £ E 5). Depress the MODE switch, and the display will read between
(0 0 0 03 to [0' 0 0 5). Depress the IGNITE switch, and listen for the FID to
ignite. You will hear' a slight "pop," and the display will indicate
background count. Reduce the pressure to between 5 and 7 psi for normal
operation. CAUTION: Excessive hydrogen flow will cause the flame to burn too
hot; this causes high background noise and may result in damage to the
reaction chamber or module.

NOTE: Turn off the power and insert the reaction module you wish to calibrate
before proceeding.

Thermal Conductivity Detector (TCD)

The TCD reaction module is only used in the gas chromatograph configuration
and will be discussed in specific application notes.

NOTE: Turn of f the POWER and insert the reaction module you wish to
calibrate before proceeding.
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Calibration  

As with any analytical instrument, the accuracy of your results will directly 
relate to the calibration method, accuracy of the standards and technique. It 
is outside the scope of this manual to discuss the details of the many 
calibration methods. It is up to the user to select the method, calibration 
standards and technique best suited to the application. Basically, 
CALIBRATION is divided into two categories, ZERO and SPAN. 

NOTE: Always observe the following for the most accurate results regardless 
of the method used: 

1 Always sample the zero and span gases at ambient pressure to assur the 
same flow rate as the instrument normally pumps through the sy 	m, i.e., 
never pressurize the inlet or allow the pump to create a partial 	cuum by 
impeding pump flow. 

2 Always select the zero gas and the majority co 	nent...-in the span gas-to 
be the same as the atmosphere to be sample, 	use„.pure air as the 
zero gas and an air calibration mixture if yo ntend-to look for,.■ 
contaminants in air. Conversely use nitrogen and'ilitrOien mixtures if you 
intend to monitor contaminants it'a nitrogen atmosphere. 

3 Always select a calibrati.on mixture that is reasonably close in 
concentration to the--averse leve4„-Ybil would expect to find in the 
atmosphere to be,moniteced. 	1 

Zero 

1. Turn the POWER and PUMP swa ches on and depress the MODE switch once so 
that you are monitoring background count. Allow the SIP 1000 to warm up 
for approximately,,,IS' minutes. 

2. Sample a pure gas source as described above. When the count rate has 
stabilized at its lowest value, depress MODE once more to zero the unit. 
If-there is any down-scale drift, as indicated by a negative reading on 
the display, depress the set switch to re-zero. There is no limit on how 
many times you can re-zero during this process. What the unit is doing is 
storing the sum of both the zero and re-zero readings for subtraction from 
subsequent readings. This updates the "zero." 

Span (Refer to Figure 2) 

1. Sample an appropriate calibration standard as previously discussed and 
wait for the count rate to increase and stabilize. 

2. Depress the MODE switch and note that the least significant digit (LSD) on 
the display is now blank. Enter the value of your calibration standard as 
follows: EXAMPLE, 14.5 DM of Benzene, balance air,  

a) Select 5 for LSD with the SET switch and depress MODE once to enter. 
The third digit is then blank. 

b) Select 4 with the SET switch and depress MODE to enter. The second 
digit is then blank. 
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Calibration
As with any analytical instrument, the accuracy of your results will directly
relate to the calibration method, accuracy of the standards and technique. It
is outside the scope of this manual to discuss the details of the many
calibration methods. It is up to the user to select the method, calibration
standards and technique best suited to the application. Basically.
CALIBRATION is divided into two categories, ZERO and SPAN.

NOTE: Always observe the following for the most accurate results regardless
of the method used:

1. Always sample the zero and span gases at ambient pressure to assur the
same flow rate as the instrument normally pumps through the
never pressurize the inlet or allow the pump to create a pa.ptiiayduum by
impeding pump flow.

2. Always select the zero gas and the majority cophenih the span gasto
be the same as the atmosphere to be sampled i.e..-iise.pure air asthe
zero gas and an air calibration mixture if yownterrd to look for—
contaminants in air Conversely use nitrogen aiid nirogen mixtures if you
intend to monitor contaminants kr(a nitrogen. ataosphere.

3 Always select a calibrajon miature that is reasonably close in
concentration to the average levelyou would expect to find in the
atmosphere to be—onlteed \ I

Zero —

1.,-Th'rnthePOWEa and IUPsw ches on and depress the MODE switch once so
tbat you are monitoring background count. Allow the SIP 1000 to warm up
for approxiaately.S' minutes

2. Sample a uré gas source as described above. When the count rate has
stabilized at its lowest value, depress MODE once more to zero the unit.
If-there is any down—scale drift, as indicated by a negative reading on
the display, depress the set switch to re—zero. There is no limit on how
many times you can re—zero during this process. What the unit is doing is
storing the sum of both the zero and re—zero readings for subtraction from
subsequent readings. This updates the "zero.

Span (Refer to Figure 2)

1. Sample an appropriate calibration standard as previously discussed and
wait for the count rate to increase and stabilize.

2. Depress the MODE switch and note that the least significant digit (LSD) on
the display is now blank. Enter the value of your calibration standard as
follows: EXAMPLE, 14.5 ppm of Benzene, balance air,

a) Select 5 for LSD with the SET switch and depress MODE once to enter.
The third digit is then blank.

b) Select 4 with the SET switch and depress MODE to enter. The second
digit is then blank.
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Select 1 with the SET switch and depress MODE to enter. The ir 
digit is then blank. 

d) Select 0 with the SET switch and depress MODE to enter. CALIBRATION 
IS NOW COMPLETE. 

Recall (Refer to Figure 3) 

After calibration has been completed, the instrument is ready to use in the 
monitoring rode. However, it is suggested that you recall and record the 
values you have entered and stored for background counts, span counts, and  
calibration value. You will note that the background counts stored is the sum 
of the counts zeroed and any rezero counts. 

Recalibrate 

The frequency with which you should recalibrate the SIP-1000,,,is a function of 
operator judgment and is dictated by the desired accurac cenvtronmental 
conditions and monitoring requirements. To reduce r glib rffon frequency, 
the unit has been designed to minimize long-ter 	rif 	th changes in 
environmental conditions. Because it is many time 	if u t or even 
impossible to have the necessary equipment availab 	or 	urate on-site 
calibration, the following are available options: 

1. An operator programmable microprocessor that stores the program for up to 
10 years with the poweciiff. 

2. An electronic calibrator%tojdial in-the values recorded as suggested 
previously. This devicertipIaces the reaction module to simulate detector 
response and can also be _used ;D--Change response factors as may be 

zrequire.d. In addition, it 	very useful diagnostic tool. 

Maintenance  

General Inforiation 

The unit should be periodically cleaned to avoid the build-up of particulates, 
moisture, and other foreign materials that may affect operation. Dust, 
moisture, or other liquids allowed to accumulate in the plumbing lines, probe 
or detector elements could seriously damage the unit, or at a minimum, cause 
restriction and/or coat surfaces that would degrade accuracy. Always clean 
and perform routine maintenance before storage. Carefully pack the unit in 
the carrying case with all accessories and store in a dry, clean area. Avoid 
locations that may be exposed to severe environmental conditions such as the 
trunk of your vehicle. 
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c) Select 1 with the SET switch and depress MODE to enter. The firS'

digit is then blank.

d) Select 0 with the SET switch and depress MODE to enter. CALIBRATION
IS NOW COMPLETE.

Recall (Refer to Figure 3)

After calibration has been completed, the instrument is ready to use in the
monitoring rode. However, it is suggested that you recall and record the
values you have entered and stored for background counts, span counts, and
calibration value. You will note that the background counts stored is the sum
of the counts zeroed and any rezero counts.

Recalibrate

The frequency with which you should recalibrate the SIP—1009-tia fufltion of
operator judgment and is dictated by the desired accurac envizo.nmental
conditions and monitoring requirements. To reduce r alib rrequency,
the unit has been designed to minimize long—ter rif th changes in
environmental conditions Because it Is many t1me if U t or even
impossible to have the necessary equipment availab1 orj.hrate on—site
calibration, the following are available options:

1 An operator programmable microprocessr that stores the program for up to
10 years with the power off

2 An electronic calibrator to dial in- the values recorded as suggested
previousLy. This device' replaces the reaction module to simulate detector
response and can aso be used so-change response factors as may be
required In addition, it is'a very useful diagnostic tool

Maintenance

General Information

The unit should be periodically cleaned to avoid the build—up of particulates,
moisture, and other foreign materials that may affect operation. Dust,
moisture, or other liquids allowed to accumulate in the plumbing lines, probe
or detector elements could seriously damage the unit, or at a minimum, cause
restriction and/or coat surfaces that would degrade accuracy. Always clean
and perform routine maintenance before storage. Carefully pack the unit in
the carrying case with all accessories and store in a dry, clean area. Avoid
locations that may be exposed to severe environmental conditions such as the
trunk of your vehicle.
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Routine Maintenance 

1. CHARGING: Always "top" charge the battery and hydride when not in use and 
before storage. 

2. CLEANING: Remove all items from the carrying case. Remove the 
partitions, if necessary, and wipe out the inside of the case with a damp 
cloth. Clean the outside with a lint roller, use a brush, soap and water, 
if required. Wipe down the unit and all accessories with a damp cloth. 
NEVER use solvents as they may damage the case, but more important, they 
will be detected during operation. Avoid getting any moisture in open 
fittings, tubing, connectors or reaction chamber. Inventory all items and 
repack in the carrying case. 

3 PROBE FILTER: The inlet end of the probe is loosely packed, th gliss 
wool to prevent particulates from entering the system. (-Periodically, push 
it out with a fine wire from the tip end and replac 

4. INJECTION PORT: When injecting samples in the chromatograph mode, always 
use a syringe with a minimum needle length of 2(inobei. „Periodical*, 
remove the needle guide and check the,„condition of thesepta. Replace as 
required to avoid leaks. 

5. REACTION MODULES: A deoreAse in#sensitiyity, excessive drift or noisy 
signal are indicators-that the 12.ID„r4-4ID,,modulti require cleaning. Clean 
the base of the PID or_windo' oni the ET -with a Q-tip soaked in Ethanol. 
Rinse with de-ionized water ndtiake'at 100°C until dry. 

' 
6. LE 	Whenever the column\is ihanged or fittings reconnected, there is 

o 

,a-/Ways„thi possibility for liaks. To avoid leaks, NEVER overtighten 
fittings. To check for leaks, disconnect the column from the regulator 
output and plug the„ritting. Connect the hydride and set the pressure 
regulaton-at 30/psi. Disconnect the hydride from the quick connect. The 
pressufe _page should remain at 30 psi. If not, check all fittings and 
injection port with a leak test soap solution. Take corrective measures 
and-reconnect the column. 
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Routine Maintenance

1. CHARGING: Always wtopI charge the battery and hydride when not in use and
before storage.

2. CLEANING: Remove all items from the carrying case. Remove the
partitions, if necessary, and wipe out the inside of the case with a damp
cloth. Clean the outside with a lint roller, use a brush, soap and water,
if required. Wipe down the unit and all accessories with a damp cloth.
NEVER use solvents as they may damage the case, but more important, they
will be detected during operation. Avoid getting any moisture in open
fittings, tubing, connectors or reaction chamber. Inventory all items and
repack in the carrying case.

3. PROBE FILTER: The inlet end of the probe is loosely packedwithgl-s
wool to prevent particulates from entering the system. Periodically, push
it out with a fine wire from the tip end and replace. —

4 INJECTION PORT When injecting samples in the choinatograph mode, always
use a syringe with a minimum needle length of 2 inches ,PeriodieaJ.ry
remove the needle guide and check tbecondition of th*-'Septa. Replace as
required to avoid leaks.

5. REACTION MODULES: A decz'-ase in sesitjvity, excessive drift or noisy
signal are indicators- that te PID p'IILmodules require cleaning Clean
the base of the 1D or windo on the with a Q—tip soaked in Ethanol.
Rinse with dc—ionized wati nd bak( at 100C until dry.

6 LEAKS-C Whenever the coluin'is_ttanged or fittings reconnected there is
,arway,thi possibility for leaks. To avoid leaks, NEVER overtighten
fit.-tings. To check for leaks, disconnect the column from the regulator

output and plug the f'itting. Connect the hydride and set the pressure
regulator—at 30.-psi. Disconnect the hydride from the quick connect. The
pressure ga.uge should remain at 30 psi. If not, check all fittings and
inject4.on port with a leak test soap solution. Take corrective measures
andreconnect the column.
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DECONTAMINATION PROCEDURES  

INTRODUCTION 

Decontamination is essential to ensure the congruence of data from site-to-
site within a study area and to provide quality control and quality 
assurance for the data collected. This procedure deals strictly with the 
decontamination of equipment. Personnel decontamination is covered in the 
AFP 4 Health and Safety Plan (Volume IV). 

REFERENCE DOCUMENTS  

A variety of decontamination protocols currently exist from state--ailr' eral 
regulatory agencies. There is no single guidance document t 	has een 
adopted by the U.S. Environmental Protection Agency (EPA or yazar4ous waste 
site investigations. The following will be used as 	 foe procedures 
in this appendix: 

U.S. Environmental Protection Agency, 1981. Technic 
Investigating Sites Containing Hazardou-s-,Substances, T 
23, June 1981. 

ds for 
nical Monograph No. 

U.S. Environmental Protect/5t-Agency, 198 	Decoatamlnation Techniques for 
Mobile Response Equipment Usmd at waie e • ,-(state-of-theart survey), 
EPA/600/2-85/105," August-"19$5. 

U.S. Enviztiiirental Protection Agenc 1986. RCRA Ground Water Monitoring 
_ 

Techaltal Enforcement GuidancekpoCument (TEGD), OSWER-9950.1, September 1986. 

SIGNIFICANCE AND USE 

A major portion of the work effort in the RI/FS process during the site 
investigatidaiis associated with the collection of chemical data. To that 
end,. procedures described in this section are critical to the credibility of 
the chemical data collected. Decontamination procedures are directed at the 
highest level of data quality proposed for the AFP 4 site (Level III). 

APPARATUS 

Generic  Use 

• 	

Photoionization detector; Either an Hnu, TIP II, or a SIP 1000. After 
decontamination has been completed, equipment will be scanned for residual 
contamination before the equipment is used again. If contamination is 
detected the equipment will be processed through a full decontamination 
cycle. All photoionization detectors will have current calibrations. 

Soil Sampling Equipment  (including split-barrel sampler) 

' 	6-mil Plastic Sheeting Ground Cover 

' 	Stainless Steel Pans With Lids 

' 	Wire Brush 

,--" 
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DECONTAMINATION PROCEDURES

INTRODUCT ION

Decontamination is essential to ensure the congruence of data from site—to—
site within a study area and to provide quality control and quality
assurance for the data collected. This procedure deals strictly with the
decontamination of equipment. Personnel decontamination is covered in the
AFP 4 Health and Safety Plan (Volume IV).

REFERENCE DOCUMENTS

A variety of decontamination protocols currently exist from state— deral
regulatory agencies. There is no single guidance document tba('has.-bèea
adopted by the U.S. Environmental Protection Agency (EPA)r J.aardous waste
site investigations. The following will be used asbsHfor\proçedures
in this appendix:

U.S. Environmental Protection Agency, 1981. Techiic Mehds for
Investigating Sites Containing Hazardous'Substa.nces ae1nical Monograph No
23, June 1981.

N
U S Environmental Protect-fAgency, 1985- Decorrtariinat.zon Techniques for
Mobile Response Equ.jpaent Used at Wd(e $rtes_ (state-of-the-art survey)
EPA/600/2—85/105, August 1985

U S En).ziintal ProtctaonAgency,-1986 RCRA Ground Water Monitoring
Techn-r6al Enforcement GuidnceD,oC'üiaent (TEGD) OSWER-9950 1 September 1986,
SIGNICANCE AND USE

A major portion of the work effort in the RI/PS process during the site
investiEationS is associated with the collection of chemical data. To that
end, procedures described in this section are critical to the credibility of
the chemlcal data collected. Decontamination procedures are directed at the
highest level of data quality proposed for the APP 4 site (Level III).

APPARATUS

Generic Use
I Photojonization detector; Either an Hnu, TIP II, or a SIP 1000. After

decontamination has been completed, equipment will be scanned for residual
contamination before the equipment is used again. If contamination is
detected the equipment will be processed through a full decontamination
cycle. All photoionization detectors will have current calibrations.

Soil Sampling Equipment (including split-barrel sampler)

I 6—mil Plastic Sheeting Ground Cover

Stainless Steel Pans With Lids

• Wire Brush
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4  Scrub Brush 

' Teflon Squeeze or Spray Bottles 

' Aluminum Foil 

▪ Waste-Water and Waste-Solvent Storage Containers 

Drilling Equipment  

' 6-mil Plastic Sheeting for Decontamination pad 

I High-Pressure, Hot-Water Washer or Steam Cleaner 

• Methanol and Distilled Water Sprayers 

Monitoring Well Pumping and Sampling Equipment 

• Stainless Steel Buckets 

▪ Steel Barrels 

Soil Gas.ArilatIment' 

`Vitra-1511;e ZemAir 

Methanol 

I Rifle cle.affing wire brush 

PROCEDURE 

Soil Sampling Equipment  

1. Set up decontamination station using plastic for ground cover. Place 
four stainless steel pans along the plastic with the first containing 
Alconox or equivalent and potable water, the second containing clean 
potable water, the third to be used to contain excess solvent from the 
solvent rinse, and the fourth to catch the waste from the deionized water 
rinse. 

2. Remove all visible contamination with a steel brush and/or paper towel. 

3. Wash equipment with scrub brushes and soapy water. 

4. Rinse equipment with clean potable water. 

5. Rinse equipment with laboratory-grade methanol 
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a Scrub Brush

a Teflon Squeeze or Spray Bottles

' Aluminum Foil

' Waste—Water and Waste—Solvent Storage Containers

Drilling Equipment

' 6—mu Plastic Sheeting for Decontamination pad

High-Pressure, Hot—Water Washer or Steam Cleaner

' Methanol and Distilled Water Sprayers

Monitoring Well Pumping and SamplingEquipment.

' Stainless Steel Buckets

' Steel Barrels

Soil -Eiiipment -'

a 1Jltra.-1e Zero Air

' Methanol

' Riflici3a1ing wire brush

PROCEDURE

Soil Sampling Equipment

1. Set up decontamination station using plastic for ground cover. Place
four stainless steel pans along the plastic with the first containing
Alconox or equivalent and potable water, the second containing clean
potable water, the third to be used to contain excess solvent from the
solvent rinse, and the fourth to catch the waste from the deionized water
rinse.

2. Remove all visible contamination with a steel brush and/or paper towel.

3. Wash equipment with scrub brushes and soapy water.

4. Rinse equipment with clean potable water.

5. Rinse equipment with laboratory—grade methanol
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6. Rinse equipment with distilled or deionized water. 

7. Air dry. 

8. Where practical, wrap decontaminated equipment in aluminum foil and then 
place in a plastic bag and seal until ready for reuse. 

9. Place waste wash water and solvents in appropriate containers for later 
disposal. 

Drilling Equipment 

• 
I. Clean auger flights, bits, and any other downhole tools prior-to start of 

drilling with a high-pressure, high-temperature cleaner„uSing potable 
water, followed by a methanol rinse, then followed 	deionized water 
rinse. 

2. Place cleaned tools on clean plastic sheeting 	 contamination from 
the soil or cuttings and allow to air dry. If 	ipment is transported 
to a drilling location, it will ,be- protected from 	ntamination by 
covering with a clean plastic tarp or sheet. 

, 	 \ 

3. The work area of the,dr111 rig will a-}so be'r4esned prior to the start of 
work at the site.. mss'  ,,----,. ,..--- 

NOTE: Sufficient auger aights and drill rods will be provided to avoid 
unnepetsary downtime related'to,decontamination procedures. After the 
,initial decontamination of a1 downhole drilling equipment, subsequent 
decontamination will be performed only as needed. 

4. Collect all decontamination waste water and place in containers for later 
disposal based on analytical results from a sample of the waste water. 

Monitoring  Well Pumping and Sampling Equipment  

I. As measurement and/or sampling equipment are removed from a monitoring 
well, after having come in contact with the water, clean outside 
surface first by using clean rags or paper towels. 

2. Continue cleaning of outer surface by scrubbing with soapy water, 
followed by a clean potable water rinse, a methanol rinse, and deionized 
water rinse. 

3. For equipment such as pumps and tubing that may become contaminated 
internally, clean by filling buckets with soapy water and pumping the 
soapy water through the system into an appropriate waste container. 

4. Follow the soapy rinse with clean potable water by placing the pump in 
buckets of clean potable water and allowing sufficient pumping to clear 
the system of the soapy rinse. Containerize the water for later disposal. 

5. If the system is to be used in the collection of volatile organics. pump 
a small amount of methanol through the system followed by a deionized or 
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6. Rinse equipment with distilled or deionized water.

7. Air dry.

8. Where practical, wrap decontaminated equipment in aluminum foil and then
place in a plastic bag and seal until ready for reuse.

9. Place waste wash water and solvents in appropriate containers for later

disposal.

Drilling Equipment

1. Clean auger flights, bits, and any other downhole tools prio'-'€o start of
drilling with a high—pressure, high-temperature cleaner Sing potable
water, followed by a methanol rinse, then followed y(á deonized water
rinse _- .-'

2 Place cleaned tools on clean plastic sheet contamination from
the soil or cuttings and allow to air dry IqtiiprneRt is transported
to a drilling location, it will be irotected fromeotamination by
covering with a clean plastic tarp or sheet..

3 The work area of the th'1ll rig will a-}so be c1eaed prior to the start of
work at the site

NOTE Sufficient auger f2ights and drill rods will be provided to avoid
unneoessary downtime related to decontamination procedures After the
,nitial decontamination of a1 downhole drilling equipment subsequent
decontamination will be performed only as needed

4. Collect all decontamination waste water and place in containers for later
disposal based on analytical results from a sample of the waste water.

Monitoring Well Pumping and Sampling Equipment

1. As measurement and/or sampling equipment are removed from a monitoring
well, after having come in contact with the water, clean outside
surface first by using clean rags or paper towels.

2. Continue cleaning of outer surface by scrubbing with soapy water,
followed by a clean potable water rinse, a methanol rinse, and deionized
water rinse.

3. For equipment such as pumps and tubing that may become contaminated
internally, clean by filling buckets with soapy water and pumping the
soapy water through the system into an appropriate waste container.

4. Follow the soapy rinse with clean potable water by placing the pump in
buckets of clean potable water and allowing sufficient pumping to clear
the system of the soapy rinse. Containerize the water for later disposal.

5. If the system is to be used in the collection of volatile organics, pump
a small amount of methanol through the syste. followed by a deionized or
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I. Between samples, flush stainless steel pipe, tube, 
ultra pure bottled air. 

2. Before sampling, rinse expendable probe tips with 
distilled water and allow to air dry. 

3. Sampling probes will be washed with laborato 
clean the inside tube. This will be foliaged 
distilled water rinse. Sample probes used in 
contamination will be rinsed with--Methanol before 
rinse and allowed to air dry for 24 hours. All sampling probes will be 
vented with ultra pure zero air before use. 

and probe tips with 

methanol'; rinse with 

using a brush'to 
water rinse and a 

hydrocarbon 
e distilled water 
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distilled water rinse. 

6. Collect rinsate from decontaminated equipment according to the schedule 
determined in the Sampling and Analysis Plan (Volume II) and send to the 
laboratory for analysis to help determine the effectiveness of the 
decontamination procedure. 

Soil Gas Equipment 
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distilled water rinse.

6. Collect rinsate from decontaminated equipment according to the schedule
determined in the Sampling and Analysis Plan (Volume II) and send to the
laboratory for analysis to help determine the effectiveness of the
decontamination procedure.

Soil Gas Equipment

1. Between samples, flush stainless steel pipe, tube, and probe tips with
ultra pure bottled air.

2. Before sampling, rinse expendable probe tips with inetha , rinsé with
distilled water and allow to air dry.

3. Sampling probes will be washed with laborato so , using a brush to
clean the inside tube. This will be folloed bvj.aPi.ater rinseand a
distilled water rinse. Sample probes used in ae wjM( hydrocarbon
contamination will be rinsed witbrmethanol efore1 distilled water
rinse and allowed to air dry for 24 hours. All sampling probes will be
vented with ultra pure zero air' before use.

•
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