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An OFLOW will appear in the SCALER 
mode when the 6-digit display (4 digits 
display and 2 overflow digits in right 
corner) reaches 999999 and starts to roll- 
over again, 

0 OVERLOAD - Indicates that the 
detector is being exposed to radiation 
intensities greater than the detector 
maximum operating limit. For alpha 
and/or beta-type scintillation detectors, 
an “OVERLOAD” may indicate that the 
detector face has been punctured, 
allowing external light to saturate the 
photomultiplier tube inside the detector. 
The overload alarm point is set by 
adjusting the “OVL” control located 
underneath the “CAL” cover, 

0 “low battery” icon - Indicates 
that the batteries have decreased to the 
minimum operating voltage of 2.2 kO.1  
Vdc . 

0 COUNTING - Indicates that the 
scaler count switch has been depressed, 
and the scaler is accumulating counts for 
the pre-determined count time. 

AUD ON/OFF Switch: Front 
panel toggle switch which silences or 
enables the clicks-per-event audio. The 
audible ALARM is independent of the 
“AUD ON/OFF” switch and will 
override the audible clicks-per-event. An 
audible alarm can only be silenced by 
depressing the “RESET” button. 

F/S (Fast/Slow) Response 
Switch: A 2-position toggle switch 
which selects fast or slow counting 
response time. 

0 For the variable response mode, 
the “F” position allows the time constant 
(TC) to vary from 1 to 10 seconds, while 

the “S” position varies from 1 to 30 
seconds. The response time is 
automatically adjusted in proportion to 
the incoming count rate between the 
“F/S” TC variables. 

0 For the fixed response mode, the 
“F” position corresponds to the selected 
fixed response time - TC. The “S” 
position is 5 times the selected fast TC. 

0 LIGHT (LCD Backlight): A 
pushbutton switch, when depressed, 
illuminates the LCD for a pre-programmed 
time. The backlight “ON” time can be 
selected between 5 and 240 seconds during 
the parameter setup. 

RESET Pushbutton Switch: In the 
non-alarm condition, depressing the 
“RESET” switch resets the ratemeter display 
to the minimum display readout. In an alarm 
condition (ratemeter or scaler), depressing 
“RESET” will silence the audible alarm. 
Depressing “RESET” a second time will 
reset the ratemeter alarm and/or alert 
condition. The scaler alarm can only be 
reset by depressing the scaler count switch 
located in the end of the Model 2241-2 
handle. 

Scaler Count Switch: Pushbutton 
switch located in the end of the Model 2241- 
2 carrying handle which, when depressed, 
initializes the start of the scaler count 
accumulation for the preset scaling time. 
The “OFF/RATEMETER/SCALER” switch 
must be in the “SCALER” position to initiate 
the counting cycle. The scaler display uses 
the 2 digits in the lower right hand corner for 
the 2 most significant digits of the 6-digit 
readout. Scaling time can be set from 1 to 
9999 seconds in the parameter setup via the 
switch board. Depressing the “Count” 
switch after a scaler ALARM will reset the 
scaler display to “0, ‘I resetting the alarm 
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condition. 

H Remove the “CAL” cover to access 
the following controls: 

0 DISC 1 and DISC 2 (Discriminator 
1 and 2): Two independent multi-turn 

revolutions), used to vary the detector pulse- 
counting threshold from 2 to 100 millivolts 
for DET 1 and DET 2, respectively. A 
Ludlum Model 500 Pulser or equivalent 
should be used in checking or adjusting the 
pulse discrimination parameter. 

potentiometers (approximately 20 

0 OVL (Detector Overload): A multi- 
turn potentiometer (approximately 20 
revolutions) which adjusts the detector 
current level that must be exceeded to initiate 
an “OVERLOAD” alarm. This control 
adjusts the current level discrimination point 
from 0.5 and 40 microamperes, 
corresponding to the specific detector 
saturation point. 

(/NOTE 

Measure the HV at the detector 
connector with a Ludlum Model 500 
Pulser or a high impedance voltmeter 
with a high voltage probe. The 
impedance of the voltmeter must be 
1000 megohms or greater. 

0 HV1 and HV2: Multi-turn 

revolutions) used to vary the detector voltage 
from 200 to 2500 volts. The maximum HV 
output is adjusted by the “HV LIMIT” 
potentiometer located on the internal main 
board. 

potentiometers (approximately 20 

5.2.2 Main Board 

the latches at each end of the Model 2241-2. 
Carefully separate the top chassis from the 
bottom cover (referred to as a “can”). The 
can has the audio speaker (unimorph) with a 
2-conductor cable attached to the main 
board. The audio plug may be disconnected 
during the internal control adjustments. 

0 HV LIMIT (R027): A multi-turn 
potentiometer (approximately 20 revolutions) 
which sets the maximum HV limit with the 
front panel “HV” control adjusted to the 
maximum clockwise position. It is 
adjustable from 1250 to 2500 Vdc. 

0 VOLUME (R002): A multi-turn 
potentiometer (approximately 20 revolutions) 
which varies audible click-per-event and 
alarm audio. Adjust the control to the 
maximum clockwise position for maximum 
volume. 

(/NOTE 

If the “VOLUME” control is adjusted 
to the maximum counterclockwise 
position the clicks-per-event or the 
audible alarm(s) will not be audible 
when active. 

5.2.3 Switch Board 

H The switch board utilizes a 16- 
position rotary switch (“FUNCTION”) to 
select the 16 setup parameters. (Refer to 
schematics and component layout drawing 
near the end of the manual.) All of the setup 
parameters are stored in the non-volatile 
EEPROM, which will retain data even after 
the Model 2241-2 batteries are removed. 
After the parameters are entered, the switch 
board can be removed, and the Model 2241- 
2 will operate from the programmed 
information for the specific detector setup 
prior to the removal of the board. 

To access the internal circuit boards, unlatch 
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ENTERING OR CHANGING SWITCH 
BOARD PARAMETERS: 

0 Select the desired parameter to enter 
or change selecting the corresponding 
“FUNCTION” switch position. Depress the 
“ENTER” pushbutton switch, and a 
character will start to flash. The flashing 
character indicates that the program is in the 
parameter change mode. 

0 To change the character, increment 
the “UP” switch to the desired variable. To 
shift to another character, increment the 
“LEFT” switch, which enables the operator 
to sequence through all the characters on the 
LCD associated with that particular 
parameter. 

0 Once the desired data is entered, 
depress the “ENTER” switch. The LCD 
should quit flashing and display the new 
parameter data. 

(/NOTE 

The DETECTOR SELECT toggle 
switch allows the Model 2241-2 to 
have 2 sets of operating parameters. 

0 FUNCTION Switch: A 16-position 
rotary switch labeled “0-9” and “A-F. ” This 
switch selects a parameter setup mode for the 
Model 2241-2. If the board is not installed, 
the normal operation mode (counting mode) 
is selected. If the switch board is installed, 
the selector switch must be set to the “0” 
position for normal operation. The 
following may be changed using this board: 

detector parameters, 
current detector setup in use, 
RS-232 communication baud rate, 
RS-232 data dump mode, and 
RS-232 detector parameters 
sethead mode. 

FUNCTION SWITCH POSITION 
DESCRIPTIONS AND VARIABLES: 

POSITION 0: NORMAL 
OPERATION, places the Model 2241-2 in 
the normal (counting) operating mode. 
Unplugging the switch board from the Model 
2241-2 main board defaults to the normal 
operating mode. 

0 POSITION 1: DEAD TIME (ps), 
allows changing the detector dead time 
correction for the current detector setup. 
Setting this parameter to “0” disables dead 
time correction. The dead time adjusts from 
0 to 9999 microseconds (p). The incoming 
counts are adjusted for dead time using the 
following formula: 

m 
1 - mz 

n =  

where, 
n = corrected counts per second 

m = incoming count per second 

T = system dead time 

0 POSITION 2: CALIBRATION 
CONSTANT, allows changing the 
calibration constant for the current detector 
setup. The calibration constant (CC) adjusts 
from 0.001 to 2 8 0 ~ 1 0 ~ .  The calibration 
constant converts countshime base to 
unitdtime base. CC must be set to “1” to 
readout in cps or cpm. 

cps x time base 
rate 

cc = 
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CC CONVERSION TABLE 

Conversion Rate Multiply by to get CC 

cps/pR/hr 
cps/mR/hr 
cps/R/hr 
cpm/ pR/ hr 
cpm/mR/hr 
cpm/R/hr 
cps/pSv/h 
cps/mSv/h 
cps/Sv/h 
cpm/ pSv/ h 
cpm/mSv/h 
cpm/Sv/h 

3.6 x 109 
3.6 x lo6 
3600 
60 x lo6 
60,000 
60 

36,000 
3.6 x 107 

60 x 104 
36 

600 
0.6 

Example: Ludlum Model 44-9 G-M detector 
produces approximately 3300 cpm/mFUhr for 
137Cs +60,000 x 3300 = 198 x lo6 for CC 

POSITION 3: DISPLAY UNITS, 
selects the display units for the associated 
detector setup number. The Model 2241-2 
and detector may be calibrated in either 
exposure rate (R/hr or Sv/h) by entering the 
appropriate Calibration Constant (position 2) 
and Dead Time correction (position 1). The 
Model 2241-2 will automatically convert to 
the correct reading when switching between 
R and Sv. 

The time base for count “C” is set 
independently in position 4. The display 
units may be set to: 

0 R/hr (Roentgens) 
0 Sv/h (Sieverts) 
0 Chime base (Counts) 

The display is auto-ranging with the 
appropriate multiplier symbol appearing 
in-front of the “R,” “Sv,” or “C” to indicate 
the range: 

0 pR/hr, mR/hr, R/hr 
0 pSv/h, mSv/h, Sv/h 
0 C/s, kC/s, C/m, kC/m 

0 POSITION 4: TIME BASE: CPS, 
CPM, selects the display time base for the 
current detector setup. This time base only 
applies if the units are set to C/ 
(CounMime). The time base for R/hr and 
Sv/h is fixed in “hr.” For “true” reading 
(hlser  calibration) cpm or cps calibrations, 
set the Calibration Constant (CC, parameter 
2) to read ‘I 1. I’ For geometry calibrations, 
the detector efficiency can be entered for 
CC. (Example: For alpha scintillation 
detector with 25% 2-pi efficiency; enter 
“250 -3” in the CC parameter setup.) 

The display time base may be set to: 

0 seconds (s) 
0 minutes (m) 

0 POSITION 5: AUDIO DIVIDE BY, 
selects the audible clicks-per-event division 
rate for the current detector setup. If the 
audio “ON/OFF” switch is off, then no 
audio clicks will be heard. This parameter 
ranges from: 

0 Divide By 1 
1 = Divide By 10 

2 Divide By 100 
3 Divide By 1000 

0 POSITION 6: RESPONSE TIME, 
allows changing the time constant (TC) for 
the current detector setup. If the response is 
set to “0,” the Model 2241-2 automatically 
calculates (for variable mode) the time 
constant based on the incoming cps. If a 
variable of 1-199 is entered for TC, the 
response time becomes fixed: 

Variable Response - Response time is 
varied in proportion to the incoming count 
rate. The 2-position “F/S” (Fast/Slow) 
toggle switch selects the maximum time 
constant (TC) for the variable mode. The 
fast position varies the TC from 1-10 
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seconds, and the slow position varies from 1- 
30 seconds. 

Fixed Response - The Fast (“F”) response 
position is programmable from 1-199 
seconds, and the slow response is 5 times the 
fast TC. For MDA-type measurements, the 
fixed response time mode is recommended. 

/NOTE 

**REFER TO NOTE ON PAGE 2, 
REGARDING TIME 

CONSTANT** 

0 POSITION 7: RATEMETER 
ALARM/ALERT, allows changing the 
ratemeter alarm for the current detector 
setup. The units of this alarm are the same 
as the units for the ratemeter display units. 
The fifth push of the left button allows the 
decimal point to be moved. The ratemeter 
alarm adjusts from 1p to 999 R/hr (Sv/h) or 
1 to 999 kcpm or 1 to 100 kcps. The units 
of the alarm are determined by the units for 
the ratemeter. 

0 POSITION 8: SCALER 
ALARMKOUNT TIME, sets the scaler 

corresponding to the accumulated scaler 
count. After the scaler alarm variable is 
entered, the scaler count time is prompted. 
The scaler count time is adjustable from 1- 
9999 seconds. 

alarm variable from 1-999999, 

POSITION 9: NOT USED 

POSITION A: NOT USED 

0 POSITION B: LCD Backlight ON 
TIME, is the amount of time that the LCD 
backlight will stay on after pressing the front 
panel switch labeled “LIGHT. ” This value 
is stored in EEPROM. Available values are: 

0 5  seconds 
0 30 seconds 
0 60, 90 seconds 
0 180, 240 seconds, 

0 POSITION C: SET MINIMUM 
DISPLAY, sets the ratemeter minimum 
display able reading. Depressing the 
“RESET” switch displays the minimum 
ratemeter units. The readout will auto-range 
up to the maximum displayable but will 
display “0” for ratemeter readings below the 
user-programmed minimum variable. 

Minimum displayable values: 

oo.op, ooop, o.oom, 00.om, ooom, 0.00, 00.0, 000 
R/hr 
.OOOp, OOOp, OO.Om, O O h ,  0.00, 00.0, 000 Sv/h 
0.00, 00.0, 000, O.OOk, 00.0k, OOOk cpm or cps 

POSITION D: R-232 DATA DUMP 
MODE, allows the RS-232 port to dump 
ratemeter data every 2 seconds. The Model 
2241-2 is fully functional, except all audio is 
disabled during the data dump mode. The 
LCD will alternate between the ratemeter 
and the word “dUP” (representing “dump”) 

POSITION E: RS-232 DETECTOR 
PARAMETERS SETUP MODE, allows the 
RS-232 port to accepthend a string of 
parameters corresponding to the current 
detector setup values. 

0 POSITION F: BAUD RATE, 
configures the RS-232 port for the following 
baud: 150, 300, 600, 1200, 2400, 4800, 
9600, and 19200. The data is 8 data bits, 1 
stop bit with no parity bit. This value is 
stored in EEPROM. The baud rate can only 
be programmed by the switch board. 

0 RS-232 PORT CONNECTOR: This 
9-pin “D” type connector is designed as a 
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DCE port. A straight wire cable (extension 
cable) connects the Model 2241-2 to a 
computer 9-pin RS-232 port. 

RS-232 CONNECTOR PIN OUT: 

PIN FUNCTION 

NC (No Connection) 
DATA OUT 
DATA IN 
NC 
NC 
NC 
HANDSHAKING IN 
HANDSHAKING OUT 
NC 

LMI offers a PC compatible software 
program which incorporates the read/write 
commands necessary to communicate 
between the PC and Model 2241-2. The 
program also incorporates an algorithm to 
calculate the detector Calibration Constant 
and Dead Time Constant. The software is 
offered in a DOS version (DOS 6.0 or 6.2, 
LMI part number 1370-025) or a 
WINDOWS version (WIN 3.1, LMI part 
number 1370-024). Software is available on 
both 3.5-inch or 5.25-inch disks. 

5.3 Operating Procedures 

BATTERY INSTALLATION 

0 Ensure the Model 2241-2 power 
switch is in the “OFF” position. Open the 
battery lid by turning the quarter-turn thumb 
screw counterclockwise. Install two I’D” 
size batteries in the compartment. Note the 
(+) and (-) marks inside the battery door. 
Match the battery polarity to these marks. 
Close the battery box lid. 

dNOTE 

Center post of flashlight battery is 
positive. The batteries are placed in 
the battery compartment in opposite 
directions. 

Connect a detector to the Model 
2241-2 with the appropriate cable. 

0 Turn the “OFF/RATEMETER/ 
SCALER” switch to the 

“RATEMETER” position. 

H The display goes through an 
initialization sequence, The display will 
show all “8”s with decimal points. Check to 
make sure all segments are on as illustrated: 

prnSv/ hr 
pmR/hr 
kC/ms 

OFLOW ALERT ALARM 
I l@ifl OVERLOAD COUNTING 88 1 

The LCD then shows the firmware 
number in the format “P-XX YY.” The 
“XX” is the firmware number, and the 
“YY” is the firmware version. (The figure 
below is for example only, to illustrate 
location of display .) 

n P - w ?  
I 3 9  I 
H The minimum displayable value (for 

example OO.OpR/hr) should be shown. 
When switched to the scaler position, a 
single “0” will be displayed. 

11 
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The display will auto range to the 
current level (See following figure.) When 
auto-ranging down, the Model 2241-2 uses 
multiples of 5. This technique keeps the 
decimal point from jumping between 
numbers when viewing values around 
multiples of 10. 

17 Expose the detector to a check source 
if the background count is too low to 
generate a display reading. Switch “AUD 
ON/OFF” to the “ON” position and confirm 
the external unimorph produces an audible 
click for each event detected (audio divide by 
‘I 1 If parameter). The “AUD ON/OFF” 
switch will silence the clicks if in the “OFF” 
position; however, an audible alarm 
condition will still be heard. 

17 Increase the source activity or lower 
the alert and alarm points to initiate an 
ALERT and ALARM condition. (Refer to 
section 5.2.3 for parameter change 
procedures.) Depress the “RESET” switch 
to acknowledge the audible alarm. Decrease 
the radiation activity below the ALERT and 
ALARM threshold and depress the 
“RESET” switch to clear the alarm 
conditions. If an alarm condition is not 
present depressing the “RESET” switch the 
first time will reset the alert condition and 
zero the ratemeter. 

0 Position a check source to produce a 
ratemeter reading of 100 to 2000 
counts/minute or 10-100pR/hr. While 
observing the ratemeter fluctuations, select 
between the fast and slow response time 

(“F/S”) positions to observe different 
variations in the display. The “S” position 
should respond approximately 5 times slower 
(for fixed response mode) and 3 times slower 
(for the variable response mode) than the “F” 
position. (Refer to section 5.2.3 for 
explanation.) The slow response position is 
normally used when the Model 2241-2 is 
displaying low numbers which require a 
more stable display. The fast response is 
used at the high count levels. 

Switch to “SCALER” position. 
Depress Count switch located in the end of 
the carrying handle to initiate count cycle. 
The word “COUNTING” should be visible 
in the display during count cycle and should 
disappear at the end of the predetermined 
count time. If a scaler alarm condition 
occurs, the “RESET” switch can be 
depressed to acknowledge the alarm, but the 
Count switch must be depressed to clear the 
visual “ALARM” to restart count cycle. 

Depress and release the “LIGHT” 
switch. The backlight located behind the 
LCD should illuminate for pre-programmed 
“ON” time. 

0 Select the desired F/S, AUD 
ON/OFF, and RATEMETER or SCALER 
parameters and proceed to use instrument. 

5.4 Calibration 

The Model 2241-2 calibration routine 
consists of entering detector parameters into 
memory by way of the switch board and 
adjusting the “CAL” controls (“HV,” 
“DISC”. and “OVL”) for the specific 
detector operating requirements, 

0 Section 5.4.1 is a general overview 
for determining various detector operating 
voltages (HV) and adjustment of counter 
input sensitivity (DISC). 
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Section 5.4.2 sequences through the 
pulse generator Counts/minute calibration. 
The cpm parameter setup is used in the initial 
instrument checkout procedure. 

Exposure rate calibration is covered 
in section 5.4.3. The detector Calibration 
Constant (CC) and Dead Time Compensation 
(DTC) are the two primary parameters used 
in the exposure rate calibrations (Whr and 
Sv/h). These 2 constants are alternately 
varied to achieve linearity at the detector 
non-linear operating regions. An example of 
the Ludlum Model 44-9 G-M detector 
calibration is given at the end of section 
5.4.3 to illustrate the algorithm used in 
determining the CC and DTC variables. 

5.4.1 General Detector Setup 
Information 

H The operating point for the 
instrument and probes is established by 
setting the probe voltage and instrument 
sensitivity (HV and DISC). The proper 
selection of this point is the key to 
instrument performance. Efficiency, 
background sensitivity, and noise are fixed 
by the physical makeup of the given detector 
and rarely vary from unit to unit. However, 
the selection of the operating point makes a 
marked difference in the apparent 
contribution of these 3 sources of count. 

0 In setting the operating point, the 
final result of the adjustment is to establish 
the system gain so that the desirable signal 
pulses are above the discrimination level and 
the unwanted pulses from background 
radiation and noise are below the 
discrimination level and are not counted. 

The total system gain can be 
controlled by adjusting either the instrument 
sensitivity or the high voltage. “HV” 
controls the gain of the detector; and 

“DISC” (Discriminator) controls the 
instrument counting threshold (sensitivity). 

H In the special case of G-M detectors, 
a minimum voltage must be applied to 
establish the Geiger-Mueller characteristic. 
Further changes in HV will have little effect 
on this type detector. 

H G-M DETECTORS: The output 
pulse height of the G-M Detector is not 
proportional to the energy of the detected 
radiation. Adjusting “DISC” will have 
minimal effect on observed count rate unless 
the “DISC” setting is so low that the 
instrument will double pulse. 

For most G-M Detectors, set “DISC” for 
30-40 millivolts and adjust “HV” to the G-M 
detector recommended high voltage. Most 
G-M detectors operate at 900 volts, although 
some miniature detectors operate at 450-550 
volts. If a recommended setting is 
unavailable, plot count rate versus HV to 
produce a plateau graph. Adjust the HV for 
25-50 volts above the knee or start of the 
plateau. For mixed detector use, both 
sensitivity and high voltage may be 
“tailored” for other detectors as long as the 
G-M detector is operated within the 
recommended voltage range. Caution must 
be observed in lowering the input sensitivity 
to ensure that the counter does not double or 
multiple pulse. 

H For air proportional alpha detectors, 
set the “DISC” for 2-millivolt 
discrimination. Adjust “HV” until the 
detector just breaks down (shown by a rapid 
increase of count rate without a source 
present). Measure the HV output; then 
decrease the HV setting to operate 100 volts 
below breakdown. 

H For proportional detectors, set the 
“DISC” control for 2-millivolt 
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discrimination (near maximum clockwise). 
Expose the detector to a check source and 
plot count rate versus HV, similar to the one 
in the figure below. Refine the HV 
adjustment for optimum source efficiency 
with a minimum acceptable background 
count. 

I For scintillators, set the “DISC” for 
10 millivolts. Plot background and source 
counts versus HV to produce a plateau graph 
similar to the one in the figure. Adjust the 
HV to 25-50 volts above the knee or start of 
the plateau. This provides the most stable 
operating point for the detector, 

C 
O 
U 
N 
T 
s 

Source I 

Background Background I 
Knie Knee + $0 Volts 

VOLTS 

5.4.2 Countdminute (C/m) 
Calibration 

I This procedure will setup the Model 
2241-2 for the Counts/minute (C/m) mode of 
operation. Refer to section “5.2.3, 
ENTERING OR CHANGING SWITCH 
BOARD PARAMETERS,” to enter setup 
parameter variables. 

I A Ludlum Model 500 Pulser or 
equivalent is required. If the pulser does not 
have a high voltage readout, use a high 
impedance voltmeter with at least 1000 
megohm input resistance to measure the 

detector voltage. 

Switch “RATEMETER/SCALER” to 
the “RATEMETER” position. Select 
position “DET 1” on the toggle switch 
located on the front panel. 

0 Select “FUNCTION” switch 
positions “1-6” and adjust for the following 
parameters: 

Switch Pos. Parameter Function 

1 0000 s-6 Dead Time 
2 0100 -2 Calibration 

3 C/ Display Units 
4 m Timebase 
5 1 Audio Divideby 
6 000 s Response 

Time 

Constant 

0 Position “7” selects the desired 
ratemeter ALERT and ALARM trip points. 
If the parameters are undetermined, 
arbitrarily choose “0050 kC/m” for the 
alarm and “0045 kC/m” for the alert to 
confirm operation of the alert/alarm function. 

0 Position “8” selects the scaler 
ALARM parameter and the scaler count 
time. If the values are unknown, set the 
scaler alarm to ‘‘4500ALARMOO’’ and the count 
time to “0060” (60 second count time). 

0 Position “9” is not used, and position 
“A” is not used. Switch to position “B” and 
enter “ 15” for a 15-second backlight “ON” 
time. Switch to position “C” and enter 
“00.0 C/m” for the minimum displayable 
value. Select position “0” to return to 
normal operation. 

Connect the Model 500 Pulser to 
detector input and adjust “HV” and “DISC” 
to the specific detector operating parameters. 
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0 Adjust the pulser amplitude to 1.5 
times the Model 224 1-2 discrimination level. 
Adjust the pulser output to 800 cpm and 
confirm that the Model 2241-2 reads 800 
C/m 10 % . Adjust count output to 200 cpm 
and confirm that the LCD displays 200 C/m 
+2 % . Confirm that the 20 and 80 % readings 
for the upper decades are within the pulser 
input by decading the pulser count output. 
Alternately switch to the scaler mode to 
initiate the scaler count accumulation. 
Confirm that the scaler readout is within 
*2% of the pulser input rate. 

0 Ensure that the ALERT and 
ALARMS function by inputting the preset 
alarm levels as to initiate the alert and alarm 
conditions. 

5.4.3 R/hr Calibration 

The following calibration procedure 
assumes that detector Calibration Constant 
(CC) and Dead Time Constant (DTC) are 
already known. If these 2 constants must be 
determined, reference section 5.4.4 to define 
CC and DTC. 

0 Switch toggle switch to “DET 2.” 
Detector setup number “ 1 ” is usually 
reserved for the Countdminute parameter 
calibration Rotate the “FUNCTION” switch 
counterclockwise to position “ 1 ” and enter 
the detector Dead Time in ps. Rotate to 
position “2” and enter the Calibration 
Constant. Enter the desired parameters for 
positions “3-F.” Switch to position “0” for 
normal operation. 

0 Expose the detector to calibrated 
radiation fields extending from the lower to 
the upper operating range of the detector. 
Confirm that the linearity is within f 10% of 
each respective reading. If the readings are 
off on the lower detector operating region, 

vary CC. If the readings are off at the upper 
end of the detector operating region, adjust 
DTC. 

5.4.4 Determining CC and DTC 

This procedure contains the algorithm 
(hi-lo method) for determining the CC and 
DTC calibration constants. An example of 
the Ludlum Model 44-9 G-M detector 
calibration is used in conjunction with the 
algorithm calculations to aid in solving the 
equations. 

LMI offers a PC-compatible software 
program which incorporates the read/write 
commands necessary to communicate 
between the PC and Model 2241-2. The 
program also incorporates the algorithm to 
calculate the detector CC and DT. The 
software is offered in a DOS version (DOS 
6.0 or 6.2, LMI part number 1370-025) or a 
WINDOWS version (WIN 3.1, LMI part 
number 1370-024). Software is available on 
both 3.5-inch or 5.25-inch disks. 

The hi-lo method refers to the 
placement of the detector in a radiation field 
using a 2- point (CC and DT) calibration to 
linearize the detector response, even in the 
non-linear operating regions of the detector. 
The low radiation field (CC) should be a 
field that yields from 2 to 5 percent count 
loss. The high radiation field (DT) should 
be a field that yields from 30 to 60 percent 
count loss. The algorithm ignores 
background counts, therefore the low field 
must be at least ten times the background 
count. The following summary lists the 
calibration constraints. 
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CALIBRATION AND DEAD TIME 
CALIBRATION CONSTRAINTS 

FIELD CONSTRAINT 
BACKGROUND “10 times less than low 

field 

LOW FIELD Yields from 2 to 5 
percent count loss 

HIGH FIELD Yields from 30 to 60 
percent count loss 

* This constraint only applies when using 2 
sources (2 fields) or a radiation range 
calibrated without background consideration. 

PRELIMINARY CPS SETUP 

Refer to section “5.2.3, ENTERING OR 
CHANGING SWITCH BOARD 
PARAMETERS, ” for cps readout variables. 

The following equations determine the hi 
and lo radiation fields used to acquire counts 
for the CC and DTC algorithm. These 
calculations require an unknown variable, 
DT (Dead Time). Typical dead times for 
some of the standard LMI detectors are 
referenced in the table at the end of this 
section. The lo count field should be a field 
which yields between 2 and 5% count loss. 
The hi count field (CPSH’) should be a field 
which yields between 30 and 60% count 
loss. 

CPSL05% 
1 

19xDT 
- - 

1 
2.3333 x DT 

0 Select position “DET 1” on the 

Starting with “FUNCTION” switch position 
I’ 1, ‘I enter the following variables: 

toggle switch located on the front panel. cpsHI3oa = 

1 
2 

3 
4 
5 
6 
7 

8 

9 
A 
B 
C 

D-F 

Switch Pos. Parameter Function 
OOOOs-6 Dead Time 
0100 -2 Calibration 

Constant 
Display Units c 1  

m Timebase 
Audio DivideBy NIA 
Response Time NIA 

NIA Ratemeter 

Reference the table at the end of this section 
to determine the cpslexposure rate (cps1ER). 
The conversion can be determined by placing 
the detector in a radiation field which 
produces from 50 to 200 cps. 

Alarml Alert 

Count Time 

Calculate the countlexposure rate using the 
equation below: 0060 s Scaler Alarml 

Not Used 

NIA LCD Backlight 
000 CIS Set Minimum 

Display 
NIA RS-232 Parameters 

= c p / E I z  Not Used m 
m2dh ji& in expw~ me mi& 
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For example, exposing a LMI Model 44-9 to 
a 2 rnR/hr 137Cs field yields approximately 
110 cps so that: 

110 cps 
=55 cps / mR / hr 

2mR / h r  

The typical dead time for a M44-9 is 
approximately 85 ps. Therefore, using 85 
ps for “DT” in equations 1-4, the lo field 
should be between 240 and 619 cps, and the 
hi field is between 5,040 - 17,650 cps. 
Dividing the cps values by the 55 cps/mR/hr 
conversion equates to between 4-11 mR/hr 
for the lo field and 91-320 mR/hr for the hi 
field. 

Select a calibrated field between the lo and hi 
data points determined above: 

lo   CALI^) = 8 rriR/hr 

The following procedure outlines the hi-lo 
method. 

Abbreviations used: 

units = Sv, R, counts. 

CALIo = lo field calibration point. 
CALhi = hi field calibration point. 

C O W o  = recorded field at low calibration 
point. 
CORRhi = recorded field at high calibration 
point. 

DT = dead time constant entered into Model 

CC = calibration constant entered into 
Model 224 1-2. 

224 1-2. 

fd and a d  are intermediate steps in calculating 
DT 

f c a l  is an intermediate step in calculating CC 

hi (CALhi) = 200 mR/hr 
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CC AND DTC ALGORITHM 

Equations ( 5 )  and (6) convert units per time (R/hr Display Units) to units per second : 

uni t s  un i t s  * 
time second 

Insert the cps lo data point (8 mR/hr for the M44-9 example) determined from equations (1) and (2): 

R l h  l m  
h 60 m 60 s 

CALI,  = (0.008 -) x (- 1 X (- 1 = 2.22 x 10-6 s 

Insert the cps hi data point (200 mR/hr for the M44-9 example) determined from equations (3) and (4): 

R l h  l m  
h 60 m 60 s 

CALhi = (0.200 - ) X  (- ) x ( - )  = 55.6 x s 

Place detector in the low field and enter the counts per second: 

SAMPLlO - counts 
CORRlo = - 

count time S 

NOTE: The low field count sample should be 2 3000 counts. Use the Scaler and adjust the count time to 
accumulate count 2 3000. 

As an example, assume a 60-second count sample in a low field of 8 mR/hr: 

- - 4 4 0  C / s  
26,427 

60 
CORRlo = 

Place detector in the high field and enter the counts per second: 

Counts/second sample in high field of 200 mR/hr: 

5830 
1 

CORRhi = - 

counts 
S 

- - 5830 C / s  
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Insert the values calculated in equations (3, (6) ,  (7), and (8) and solve for fd: 

u n i t s  - - CORRhi X CALI0 
f d  = CALhi - 

CORRlo S 

= 26.2 x l o m 6  s 5830 x 2.22 x 
f d  = 55.6 x - 

440 

units count 

= (55.6 x x 5830) - (2.22 x x 5830) = 31.1 x loq8 

Enter the results of equations (9) and (10) into equation (1 1) to solve for DT: 

S - f d  D T = - -  
a d  count 

8.4 x s - 26.2 x 

311 x lo-' 
DT = - 

Solve for fcal: 

S 

Enter the result of equation (12) into: 

count 
f cal u n i t s  

- - CORRlo cc = 

and solve for CC: 

- - 206 x 10' 
440 

2.14 x 
cc = 
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Model 44-9 Parameter Setup 
0 Enter the “CC” and “DT” values 

(positions “ 1 ” and “2” of the “FUNCTION” 
switch), derived from the equations above. 

Parameter FUNCTION 

Perform section 5.4.3 to confirm that the 
instrument and detector have been calibrated 
correctly. 4 

1 
2 

5-8 
B-C 
D-F 

0084 s-6 

0206 06 

N/A 
as desired 
as desired 
if applicable 

TYPICAL COUNT RATE AND DEAD TIME FOR LMI DETECTORS 

MODEL & TYPE 

44-6, G-M 
44-9, G-M 
44-7, G-M 
133-2, G-M 
133-4, G-M 
133-6, G-M 
44-2, Gamma Scint. 
44-10, Gamma Scint. 
44-3, Low-Energy Gamma Scint. 
44-2 1 ,  Beta/Gamma Scint. 
43-5, Alpha Scint. 

COUNT RATE DEAD TIME 
in ps (microseconds) 

20 cps/mR/hr 
55 cps/mR/hr 
35 cps/mR/hr 
17.5 cps/mR/hr 

0.3 cps/mR/hr 
2800 cps/mlUhr 
15,000 cps/mR/hr 
N/A, operated in Counts/units mode 
N/A, operated in Counts/units mode 
N/A, operated in Counts/units mode 

2 cps/mR/hr 

90-110 ps 
80-90 V S  

240-290 V S  

40-55 PS 
40-55 V S  

40-55 PS 
8-12 PS* 

18-20 V S  

8-12 ps* 
8-12 PS* 

20-28 V S  

/NOTE: The data represented in the table above are typical values and may vary among 
detector and instrument combinations. This table represents some of the common detectors 
operated with the Model 2241-2. Consult LMI sales department for information concerning 
detectors not given in the table above. 

*The dead time values for these scintillation detectors is due to the dead time of the Model 
224 1-2 electronics. 
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5.4.5 Detector Overload (OVL) 
Calibration 

dNOTE 

The detector operating voltage (HV) 
must be determined and adjusted 
before the “OVL” adjustment is 
performed. If the HV is varied or 
another detector is substituted, 
“OVL” must be readjusted. If the 
OVL feature is not used, adjust the 
control to the maximum 
counterclockwise position. 

N The detector overload circuit senses 
current flow through the detector. As the 
radiation intensity is increased, the detector 
may start to saturate (decrease pulse 
production), and the readout may decrease or 
read zero. But as the pulse output continues 
to decrease in the saturated field, the detector 
current drain continues to increase. This 
increase in current is detected by a 
comparator circuit which triggers the 
“OVERLOAD” annunciation on the LCD by 
way of the microprocessor. 

N For G-M and gamma scintillation 
detectors, the “OVL” trip point is adjusted to 
the point to where the readout no longer 
increases with increasing radiation intensity. 
In the event that the overload point cannot be 
determined due to radiation field limitations, 
adjust the overload point from 5 to 10 times 
the upper operating range of the detector. 

0 Adjust the “OVL” control to the 
maximum counterclockwise position. 

0 Place the detector in an increasing 
radiation field in which the readout no longer 
increases. Adjust the “OVL” control until 

the “OVERLOAD” alarm appears. Position 
the detector between the upper operating 
limit and the “OVL” set point and ensure the 
“OVERLOAD” alarm is defeated. Adjust the 
“OVL” control accordingly. 

Example: Ludlum Model 44-9 is calibrated 
with Model 2241-2 in the R/hr units display, 
utilizing DT. The upper linear operating 
point is 400 mR/hr for the M44-9. Place the 
detector at the 1000 mR/hr point and adjust 
the “OVL” control to initiate the 
“OVERLOAD” alarm. Place the detector in 
the 600-700 mR/hr field and ensure that the 
“OVERLOAD” is off. 

The detector overload or saturation point for 
alpha and/or beta scintillation detectors is 
when the detector face (mylar) has been 
punctured, allowing light to saturate the 
photomultiplier tube (PMT). The pulse 
output will decrease or even appear 
non-responsive to any radiation activity, 
depending upon the size of the puncture and 
the light intensity to the PMT. 

0 Expose the detector PMT to a small 
light leak by loosening the detector window. 
Some scintillation detectors incorporate a 
screw in the detector body which, when 
removed, will simulate a detector face 
puncture. The ratemeter readout should start 
to decrease as the light saturates the PMT. 

Adjust the “OVL” control until the 
“OVERLOAD” alarm just appears. Reseal 
the light leak connection and expose the 
detector to a radiation source that will 
produce a near full-scale reading. Confirm 
that the “OVERLOAD” alarm does not 
initiate. Readjust the “OVL” control as 
required. 
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6. THEORY OF OPERATION 

6.1 Main Board 6.1.3 Low Voltage Supply 

Refer to main board schematic for the 
following : 

6.1.1 Detector Input/Amplifier 

Negative-going detector pulses are 
coupled from the detector through C021 to 
Amplifier U021. R024 and CR021 protect 
the input of U021 from inadvertent shorts. 
Self-biased amplifier U021 provides gain in 
proportion to R022, divided by R025. 
Transistor pins 4, 5, and 6 of U021, provide 
amplification. Pins 10-15 of U021 are 
coupled as a constant current source to pin 6 
of U021. The output self-bias to 2Vbe 
(approximately 1.4 volts) at pin 7 of U021. 
This provides just enough bias current 
through pin 6 of U021 to conduct all of the 
current from the constant current source. 
Positive pulses from pin 7 of U021 are 
coupled to the discriminator (U011) through 
R031 and C012. 

6.1.2 Discriminator 

Positive pulses from amplifier U021 are 
coupled to pin 2 of UOll comparator. The 
discrimination level is set by the “DISC” 
control connected to pin 3 of UOll. As the 
positive pulses at pin 2 of UOll increase 
above DISC reference at pin 3, pin 1 goes 
low, producing a low pulse. Pin 1 of UOll 
is normally held high (+5V) by R014. 

The low pulse from pin 1 of U021 is 
coupled to univibrator UOO1. UOOl shapes 
and fixes the pulse-width to approximately 
10 ps. The Univibrator is configured in the 
non-retriggerable mode. Negative pulses 
from pin 9 of UOOl are coupled to the pP for 
counting. 

Battery voltage is coupled to DC-DC 
convertor U23 1. U231 and related 
components provide +5V to power the pP, 
op-amps, and logic circuitry. R135 and 
R136 provide voltage division for “low 
battery” detection. Pin 6 of U231 provides a 
low signal when the battery voltage 
decreases to +2.2 kO.1Vdc. 

U 12 1 provides the + 2.5Vdc reference 
for the “HV” and “DISC” control 
references. 

6.1.4 High Voltage Supply 

High Voltage is developed by blocking 
oscillator 4241, T141, and C244 and 
rectified by voltage multiplier 
CR041-CR043, CO41-CO43, and C141. 
High voltage increases as current through 
R241 increases, with maximum output 
voltage with 4241 saturated. 

High voltage is coupled back through 
R034 to op-amp pin 2 of U131. Resistor 
network R027, R132 completes the HV 
division circuit to ground. R027 provides 
HV limit from 1250-2500 when the “HV” 
control on the calibration board is at 
maximum. The regulated HV output is 
controlled by the “HV1” and “HV2” 
potentiometers located under the “CAL” 
cover on the front panel. This control 
provides the reference for comparator pin 3, 
U13 1. During stable operation, the voltage 
at pin 2 of U131 will equal the voltage at pin 
3 of U131. Pin 1 of U131 will cause 
conduction of 4141 to increase or decrease 
until the HV finds a level of stability. 
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6.1.5 Detector Overload 

A voltage drop is developed across R031 
and sensed by comparator pins 5 ,  6 and 7 of 
U131 as detector current increases. When 
the voltage at pin 5 of U012 goes below pin 
6, pin 7 goes low, signaling U l l l  (pP) to 
send the “OVERLOAD” alarm to the LCD. 
“OVL” (underneath “CAL” cover) control 
provides adjustment for the overload set 
point. 

“S 1 ’’ (“FUNCTION”) is a 16-position 
binary rotary switch which selects the 
programmable parameters for the Model 
2241-2. The switch selects the parameters 
using the hexadecimal numbering system via 
buss lines “SW1-SW4.” 

“S2-S4” are pushbutton switches which 
enterkhange the variables for each of the 16 
parameters. 

U1 is a +5V powered RS-232 
driver/receiver used to interface the Model 
224 1-2 to a computer. 

6.1.6 Microprocessor (pP) 
6.3 Display Board 

U l l l  controls all of the data, control 
inputs, and display information. The clock 
frequency is crystal-controlled by Y221 and 
related components at 6.144 MHz. The pP 
incorporates internal memory (ROM) , 
storing the program information. C 102 
resets the pP at power-up to initiate the start 
of the program routine. During the program 
loop, the pP looks at all the input switches 
for initiation or status changes and responds 
accordingly. 

U122 is a 256 x 8 bit EEPROM used to 
store the setup parameters. The information 
is transferred serially from the pP. The 
EEPROM is non-volatile: retains memory 
even after power is removed. 

6.1.7 Audio 

Click/event, divide-by , and alarm audio 
pulse frequency is generated by the pP and 
coupled to QlOl. QlOl then inverts the 
pulses and drives the bottom of T101. Bias 
voltage is provided by the volume control 
(R002) to the top of T101. 

6.2 Switch Board 

Refer to the switch board schematic for the 
following: 

Refer to display board schematic for the 
following: 

6.3.1 LCD drive 

U l l l  and U211 are serial input 32-bit 
LCD drivers. The data is loaded serially 
into the 32-bit shift registers (internal) via 
the “D” IN input. The LOAD input 
instructs the shift register to receive data 
while the CLOCK input shifts the data 
through the 32-bit registers. After all the 
data is loaded, the LOAD line is pulsed by 
the pP, instructing the registers to transfer 
the data to the LCD drivers. 

The backplane (BP) signal from U211 
provides the reference signal (approximately 
125 Hz at 5Vdc) to the LCD (DSP1) BP 
connection. When a segment is illuminated, 
the signal to that segment will be 
out-of-phase with the BP signal. If the 
segment is OFF, the signal will be in-phase 
with the BP signal. 

6.3.2 Backlight Drive 

Depressing the “LIGHT” switch instructs 
the pP to set the BACKLIGHT line, pin 31 
on pP, “low” for the predetermined 
backlight ON time. (Refer to main board 
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schematic for details.) A "low" condition on 
pin 31 causes Q212 to conduct sending +3V 
to P8-3 on Display board With +3V at P8-3 
(refer to display board schematic), backlight 
oscillator QOl 1 , TO1 1 , and related 

components starts to oscillate, producing a 
2.5kHz, sine wave signal. The signal is 
amplified by TO11 to 150 volts peak-to-peak 
to drive the backlight. 

7. MAINTENANCE 

Instrument maintenance consists of 
keeping the instrument clean and periodically 
checking the batteries and the calibration. 

An instrument operational check should 
be performed prior to each use by exposing 
the detector to a known source and 
confirming the proper reading on each scale. 

Re-calibration should be accomplished 
after any maintenance or adjustment of any 
kind has been performed on the instrument. 
Battery replacements are not considered to be 
maintenance and do not normally require the 
instrument to be recalibrated. 

Ludlum Measurements recommends 
recalibration at intervals no greater than one 
year. Check the appropriate regulations to 
determine required recalibration intervals. 

The batteries should be removed and the 
battery contacts cleaned of any corrosion at 
least every 3 months. If the instrument has 
been exposed to a very dusty or corrosive 
atmosphere, more frequent battery servicing 
should be used. 

Use a spanner wrench to unscrew the 
battery contact insulators, exposing the 
internal contacts and battery springs. 
Removing the handle will facilitate access to 
these contacts. 

dNOTE 

NEVER STORE THE INSTRUMENT OVER 30 DAYS WITHOUT REMOVING 
BATTERIES. ALTHOUGH THIS INSTRUMENT WILL OPERATE AT VERY 
HIGH AMBIENT TEMPERATURES, BATTERY SEAL FAILURE CAN OCCUR 
AT TEMPERATURES AS LOW AS 100" FAHRENHEIT. 
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PARTS LIST 
~ 

Ref. No. Description Part No. 

Model 2241-2 Dual Detector Digital 
ScaledRatemeter 

UNIT Completely Assembled Model 
2241-2 Dual Detector Digital 
ScaledRatemeter 48-273 I 

Main Circuit Board, Drawing 408 X 91 

BOARD Completely Assembled 
Main Circuit 5408- 1 10 

Ref. No. Description Part No. 

0 INTEGRATED CIRCUITS 

uoo 1 
UO11 
u02 1 
U l l l  
u121 
u122 
U131 
U23 1 * 

0 DIODES 
0 CAPACITORS 

coo1 
coo2 
CO11 
c012 
c02 1 
C03 1 
C032 
C033 
C041-C043 
ClOl 
c102 
c121 
c122 
C123 
C131 

C134 
C135 
C136 
C138 
C139 
C 137 
C141 
C24 1 
C242 
C243 
C25 1 

C132-C133 

47pF, lOOV 
47pF, lOOV 
0.001pF, 1OOV 

O.lpF, 50V 
100pF, 3kV 
0.0047pF, 3kV 
lOOpF, 3kV 
0.0047pF, 3kV, C 
0.0047pF, 3kV, C 
47pF, 1OV 
lOpF, 20V 
47pF, 1OV 
27pF, lOOV 
27pF, lOOV 
0.0047pF, 3kV 
O.lpF, 50V 
O.OlpF, 50V 
47pF, 1OV 
O.OlpF, 50V 
100pF, lOOV 
0.001pF, lOOV 
47pF, 1OV 
0.0047pF, 3kV 
lpF, 35V 
68pF, 6.3V 
O.lpF, 50V 
68pF, 6.3V 

0 TRANSISTORS 

4101 2N7002L 
4141 MMBT3904T 
Q211 2N7002L 
4212 MMBT4403LT 
424 1 MJD210 

04-5660 
04-5560 
04-5659 
04-5663 
04-5532 
04-5547 
04-5532 
04-5547 
04-5547 
04-5666 
04-5655 
04-5666 
04-5658 
04-5658 
04-5547 
04-5663 
04-5664 
04-5666 
04-5664 

04-5661 
04-5659 
04-5666 
04-5547 
04-5656 
04-5654 
04-5663 
04-5654 

05-5840 
05-5 84 1 
05-5840 
05-5842 
05-5843 

CD74HC4538M 
TLC3721D 
CA3096M 
N87C5 1FC PLCC 

X24CO2S8I 
LM358D 

SOCKET 44P 

LM285M-2.5 

LT1073CS8-5 

06-6297 
06-6290 
06-6288 
06-6303 
06-6291 
06-6299 
06-6312 
05-5852 
06-6293 

CR021 MMBD70OOLTl 07-6355 
CR03 1 G1250-2 07-6266 
CR041-CR044 G I2 5 0 - 2 07-6266 
CR23 1 CXSH-4 EB33 07- 63 5 8 
CR24 1 MMBD914L 07-6353 
CR242 CXSH-4 EB33 07-6358 

0 RESISTORS 

ROO 1 
ROO2 

R013 
R014 
R015 
R02 1 
R022 
R023 

R026 
R027 
R03 1 
R032 

R011-R012 

R024- R025 

R033-R034 
Rlll-R113 
R121 
R122 

R133 
R134 
R135 
R136 
R141 
R211 
R23 1 
R24 1 
R242 

R131-Rl32 

look, 1/8W, 1% 12-7834 
10k TRIMMER 09-6921 
10k, 1/8W, 1% 12-7839 
lk, 1/8W, 1% 12-7832 
10k, 1/8W, 1% 12-7839 
look, 1/8W, 1% 12-7834 
1 MEG 10-7028 
392k, 1/8W, 1% 12-7841 
10k, 1/8W, 1% 12-7839 
4.75k, 1/8W, 1% 12-7858 
8.25k, 1/8W, 1 % 12-7838 
1 MEG TRIMMER 09-6906 
4.7 MEG 10-7030 
1 MEG 10-7028 
1G 12-7686 
2.lk, 1/8W, 1% 12-7843 
100, 1/8W, 1% 12-7840 
6.81k, 1% 12-7857 
1 MEG, 1% 12-7844 
750k, 1% 12-7882 
1 MEG, 1% 12-7844 
82.5k, 1% 12-7849 
10k, 1/8W, 1% 12-7839 
22. lk, 1/8W, 1 % 12-7843 
2.21k, 1/8W, 1 % 12-7835 
loo, 1/8W, 1% 12-7840 
lk, l/8W, 1% 12-7832 
200 OHM, 1/8W,1% 12-7846 
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Ref. No. Description Part No. 

0 CRYSTALS 

Ref. No. Description Part No. 

Display Board, Drawing 408 x 79 

Y221 MICRO X-TAL- 
6.144 MHZ 01-5262 

0 INDUCTORS 

L23 1 CTX100-2 21-9740 

BOARD Completely Assembled 
Display 5408-091 

0 CAPACITORS 

c012 27pF, lOOV 04-5658 
C113 47pF, lOOV 04-5660 

0 TRANSFORMERS 
0 INTEGRATED CIRCUITS 

TlOl AUDIO 
T141 L8050 

0 MISCELLANEOUS 

4275-083 
40-0902 

P1 CONN-1-640456-2 13-8061 
MTA 100 

MTA100 

MTA 100 

MTAlOO 

MTA 100 

P2 CONN- 1-640456-3 1 3-8 100 

P3 CONN-640456-6 13-8095 

P4 CONN-640456-2 13-8073 

P5 CONN-1-640456-2 13-8061 

Calibration Board, Drawing 408 x 127 

BOARD Assembled Calibration 

0 RESISTORS 

R110-R112 
R113-R114 
R115 
R116 
R118 
R119 
R120 
R121 
R122 

1 MEG TRIMMER 
lOOk TRIMMER 
1 MEG, 1/3W, 5% 
lk, 1/3W, 5% 
10k, 1/3W, 5% 
1 MEG, 1/3W, 5% 
lk, 1/3W, 5% 
10k, 1/3W, 5% 
1 MEG, 1/3W, 5% 

0 CONNECTORS 

P7 CONN-640456-8 
MTAlOO 

U l l l  AY0438-VL 06-6358 
U114 SP4422N 06-6399 
u211 AY0438-I/L 06-6358 

0 RESISTORS 

ROO1 10k, 1/8W, 1% 12-7839 
ROO2 8.25k, 1/8W, 1% 12-7838 
R003-RO04 lOk, 1/8W, 1% 12-7839 
R121 10k, 1/8W, 1% 12-7839 

0 INDUCTORS 

L001-LOO2 2 h H ,  70 OHM 2 1-9792 
LOll-LO12 2 h H ,  70 OHM 21-9792 

0 MISCELLANEOUS 

* 
5408-148 CONN-640456-8 

MTA 100 
13-8039 

DSl l l  Backlight-EL 07-6382 
QUANTEX 
LCD-8246-365-4E1 07-6383 DSPl 09-6814 

09-68 13 
12-775 1 
12-7750 
12-7748 
12-775 1 
12-7750 
12-7748 
12-775 1 

13-8039 
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Ref. No. Description Part No. 

Switch Board, Drawing No. 408 x 45 

BOARD Assembled Switch 

a 

Cl-C2 
c3-c4  
c 5  
C6 

0 

u 1  

a 

s 1  
S2-S4 

0 

Rl-R2 

0 

P6 

P10 

0 

DS 1 

a 

J1 

52 

53 

J4 

J5 

J6 

57-58 

CAPACITORS 

4.7pF, lOV, DT 
lOpF, 20V, DT 
4.7pF, lOV, DT 
100pF, 1OV 

INTEGRATED CIRCUITS 

MAX220EPE 

SWITCHES 

350134GSK 
3CTH9 PB 

RESISTORS 

22k, 1/4W, 5% 

MISCELLANEOUS 

CONN-1-640456-3 
MTA 100 
CONN-208006-2 

5408-052 

04-5578 
04-5592 
04-5578 
04-5576 

06-6359 

08-6721 
08-67 16 

10-7070 

13-8100 

13-8451 

Chassis Wiring Diagram, Drawing No. 408 
X 131 

AUDIO 

UNIMORPH 21-925 1 

CONNECTOR 

CONN-1-640442-2 13-8407 
MTAlOO 

MTAlOO 

MTA 100 

MTA 100 

MTAl00 

MTA 100 

MTA100 

CONN- 1-640442-3 13-8138 

CONN-640442-6 13-8 17 1 

CONN-640442-2 13-8178 

CONN- 1-640442-2 13-8407 

CONN- 1-640442-3 13-8138 

CONN-640442-8 13-8184 

Ref. No. Description Part No. 

J9 
J10 
P10 

0 

s 1  
s3-s4 
s 5  
S6 
s 7  

S8 
* 

0 

Bl-B2 

0 

R1 

a 

* 

* 
* 
* 
* 

* 

* 
* 
* 
2 EA. * 
* 
* 
* 

* 
* 

Series "C" -UG706/U 13-7751 
JACK-09-9011- 1-4193 18-9080 
Handle Pin 7408-055 

SWITCHES 

30-1-PB GRAYHILL 08-6517 
7101-SYZ-QE C&K 08-6511 
30-1-PB GRAYHILL 08-6517 
PA-600-2 10 08-6501 
MPS-103F 08-6699 
Switch Cap 08-6698 
MTL-306D Toggle 08-6777 

BATTERY 

"D" Duracell Battery 21-9313 

RESISTORS 

10 M, 1/4W, 5% 10-703 1 

MISCELLANEOUS 

Model 2241 
Switch Board Add On4408-053 
Model 2240 Digital 
Bezel Assembly 4408-020 
Bezel Back 7408-025 
Bezel Back 
Gasket 7408-026 
Portable Battery 
Contact Set 2001-042 
Model 224 1-2 
Main Harness 8408- 15 1 
Portable Harness 

Switch Board 

Model 2241 Can Assy. 4408-081 

Can Wires 8363-462 

Harness 8408-027 

Can Gasket 22-9773 
Portable Knob 08-6613 
Assembled Batt. Lid 9408-079 
Portable Battery Gasket 7363-183 
Portable Calibration Cover 

Model 2241 Handle 
w1Screws 9363-200 

Assembly wlo Clip 4408-075 
Cable-C under 25' 40- 1004 

*(OPTIONAL) Source Holder Assy. 4062- 166 
*(OPTIONAL) Check Source 

(1pCi Cs-137) 01-5196 
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DRAWINGS AND DIAGRAMS 

Model 2241-2 Assembled View, Drawing 408 x 76 
(Optional) Source Holder Assembly, Drawing 62 x 135 

Main Circuit Board, Drawing 408 x 91 
Main Circuit Board Component Layout, Drawing 408 x 92 

Calibration Board, Drawing 408 x 127 
Calibration Board Component Layout, Drawing 408 x 128 

Display Board, Drawing 408 x 79 
Display Board Component Layout, Drawing 408 x 80 

Switch Board, Drawing 408 x 45 
Switch Board Component Layout, Drawing 408 x 46 

Wiring Diagram, Drawing 408 x 131 
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DISCLAIMER 
 
THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL 

GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED 

DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION 

ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE 

GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD 

MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND 

EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT 

THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC 

CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY 

OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND 

UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, 

CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS. 
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1.0 INTRODUCTION 

The purpose of this Standard Operating Procedure (SOP) is to describe the procedure for using a 
photoionization detector (PID). The PID is a portable, nonspecific, vapor/gas detector employing 
the principle of photoionization to detect a variety of chemical compounds in air. A PID is 
capable of detecting and measuring real-time concentrations of many organic and inorganic 
vapors in air. A PID is similar to a flame ionization detector (FID) in application; however, the 
PID has somewhat broader capabilities in that it can detect certain inorganic vapors. Conversely, 
the PID is unable to respond to certain low molecular weight hydrocarbons, such as methane and 
ethane, which are readily detected by FID instruments. 

The PID employs the principle of photoionization. The analyzer will respond to most vapors that 
have an ionization potential less than or equal to that supplied by the ionization source, which is 
an ultraviolet (UV) lamp. Photoionization occurs when an atom or molecule absorbs a photon of 
sufficient energy to release an electron and form a positive ion. This will occur when the 
ionization potential of the molecule in electron volts (eV) is less than the energy of the photon. 
The sensor is housed in a probe and consists of a sealed ultraviolet light source that emits 
photons with an energy level high enough to ionize many trace organics, but not enough to 
ionize the major components of air (e.g., nitrogen, oxygen, carbon dioxide). The ionization 
chamber exposed to the light source contains a pair of electrodes, one a bias electrode, and the 
second the collector electrode. When a positive potential is applied to the bias electrode, an 
electro-magnetic field is created in the chamber. Ions formed by the adsorption of photons are 
driven to the collector electrode. The current produced is then measured and the corresponding 
concentration displayed on a meter, directly, in units above background. Several probes are 
available for the PID, each having a different eV lamp and a different ionization potential. The 
selection of the appropriate probe is essential in obtaining useful field results. Though it can be 
calibrated to a particular compound, the instrument cannot distinguish between detectable 
compounds in a mixture of gases and, therefore, indicates an integrated response to the mixture. 

Three probes, each containing a different UV light source, are available for use with the PID 
instrument are 9.5, 10.2, and 11.7 eV. All three detect many aromatic and large molecular 
hydrocarbons. The 10.2 eV and 11.7 eV probes, in addition, detect some smaller organic 
molecules and some halogenated hydrocarbons. The 10.2 eV probe is the most useful for 
environmental response work, as it is more durable than the 11.7 eV probe and detects more 
compounds than the 9.5 eV probe. Gases with ionization potentials near to or less than that of the 
lamp will be ionized. These gases will thus be detected and measured by the analyzer. Gases 
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with ionization potentials higher than that of the lamp will not be detected. Ionization potentials 
for volatile site-related chemicals are given in Attachment 1. 

Typically for the project two PIDs will be used in the field. One PID will employ a 10.2 eV 
probe, and the other will employ a 11.7 eV probe.  

2.0 DEFINITIONS 

None. 

3.0 RESPONSIBILITIES 

The following is a general description of responsibilities related to calibration and operating 
procedures for the PID used for field monitoring. 

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager 
[C.E.M.]) is responsible for identifying the appropriate PID equipment necessary to adequately 
define the parameters. 

The Health and Safety Coordinator will work with the Project Manager in identifying the 
appropriate safety equipment. The Health and Safety Coordinator will also perform audits to 
observe field personnel using the PID. If the PID is not being used properly, the Health and 
Safety Coordinator will provide the necessary training and resources. 

The Field Team Leader (FTL) (a qualified Nevada C.E.M.) is responsible for including a 
refresher course on the proper use, calibration, and maintenance of the PID to be used on the 
project as part of the kick-off meeting. The FTL will ensure on a daily basis that all field team 
members properly use the PID through the duration of the project. 

Field team members are to follow the procedure listed below. The field team members will be 
responsible for carefully reviewing instruction manuals for the PID to be used on the project. All 
field team members will be required to sign a form indicating that they know how to properly 
operate the PID that will be used on their project. 

This SOP provides a general description of the calibration and operating procedures defined in 
the manufacturer’s instruction manual, which accompanies each PID. This SOP should be used 
as a general reference and the manufacturer’s instruction manual should be followed at all times 
by field team members when using the PID. 
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Other SOPs that reference use of PIDs are SOP-3 (Groundwater Monitoring Well Development), 
SOP-13 (Operating and Calibration Procedures - Field Equipment), SOP-14 (Field Documenta-
tion), SOP-17 (Soil Logging), SOP-18 (Soil Sampling for VOCs Using EnCore™ Samplers), 
SOP-30 (Field Analytical Procedure), and SOP-37 (Active Soil Gas Investigation). 

4.0 GUIDELINES 

4.1 Interferences and Limitations 

The following identifies some of the potential interferences and limitations with the PID 
instrument: 

1. The PID is a nonspecific total vapor detector. It cannot be used to identify unknown 
substances; it can only roughly quantify them. 

2. Certain toxic gases and vapors, such as hydrogen cyanide, have high ionization potentials 
and cannot be detected with a PID. 

3. It does not detect a compound if the probe used has a lower energy level than the 
compound’s ionization potential, and response may change when gases are mixed. 

4. Readings can be reported only relative to the calibration standard used. 

5. Total concentrations are relative to the calibration gas used. Therefore, contaminant 
concentrations cannot be identified. Also, while the instrument scale reads 0 to 2,000 parts 
per million (ppm), response is linear to the calibration gas.  

6. Electrical power lines or power transformers may cause interference with the instrument and 
thus cause measurement errors. Static voltage sources such as power lines, radio 
transmissions, or transformers may also interfere with measurements. 

7. High winds and high humidity will affect measurement readings. The PID instrument may 
become unusable under foggy or humid conditions. An indication of this is the needle 
dropping below zero, or a slow constant climb on the read-out dial. 

8. The lamp window must be periodically cleaned to ensure ionization of the new compounds 
by the probe (i.e., new air contaminants). 

9. This instrument is not to be exposed to precipitation (rain). The units are not designed for 
this service. 

10. Do not use this instrument for head space analysis where liquids can inadvertently be drawn 
into the probe. 

11. Transport of calibration gas cylinders by passenger and cargo aircraft must comply with 
International Air Transport Association (IATA) Dangerous Goods Regulations or the U.S. 
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Code of Federal Regulations, 49 CFR Parts 100-177. A typical calibration gas included with 
a PID is isobutylene. It is classified as a non-flammable gas, UN #1556 and the proper 
shipping name is Compressed Gas. It must be shipped by cargo aircraft only. 

4.2 Calibration 

There are two steps to the calibration: fresh air and a span calibration to a standard gas. See the 
operation manual for the specific model being used. Calibration events will be documented in a 
logbook. Documentation will include the date inspected, person responsible for calibrating the 
instrument, the instrument number, calibration results, calibration gas information (source, type, 
concentration). 

4.3 Field Operation 

1.  Unpack the instrument carefully. Unclamp the fasteners on the instrument cover from the 
main readout assembly. Remove the inner lid from the instrument cover by pulling out the 
two one-quarter turn fasteners. Remove the probe, handle, and cable from the instrument 
cover. Attach the handle and probe extension to the probe. 

2.  Allow the temperature of the unit to equilibrate to its surrounding. This should take about 
five minutes. 

3.  All readings are to be recorded in the site logbook. Readings should be recorded, following 
background readings, as "units above background," not ppm. 

4.  As with any field instrument, accurate results depend on the operator being completely 
familiar with the operator's manual. The instructions in the operating manual should be 
followed explicitly in order to obtain accurate results. 

5.  Position the probe assembly close to the area to be monitored because the low sampling rate 
allows for only very localized readings. Under no circumstances should the probe tip 
assembly be immersed in fluid. 

6.  While taking care to prevent the PID from being exposed to excessive moisture, dirt, or 
contamination, monitor the work activity as specified in the site Health and Safety Plan. The 
PID survey should be conducted at a slow to moderate rate of speed and the intake assembly 
(the probe) slowly swept from side to side. There is a three to five second delay in read-out 
depending upon the instruments sensitivity to the contaminant. 

7.  During drilling activities, PID monitoring is performed at regular intervals downhole, at the 
headspace, and in the breathing zone. In addition, where elevated organic vapor levels are 
encountered, monitoring may be performed in the breathing zone during actual drilling. 
When the activity being monitored is other than drilling, readings should emphasize 
breathing zone conditions. 
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8.  When the activity is completed or at the end of the day, carefully clean the outside of the PID 
with a damp disposable towel to remove any visible dirt. 

4.4 Post Operation 

1.  Turn instrument to OFF. 

2.  Return the PID to a secure area and check the calibration before charging. Connect the 
instrument to charger and plug in the charger. The probe must be connected to the readout 
unit to ensure that the unit accepts a charge. 

3.  Complete logbook entries, verifying the accuracy of entries and signing/initialing all pages. 
Following completion of a series of "0" readings, verify the instrument is working. 

4.  Check the equipment, repair or replace damaged equipment, and charge the batteries. 

4.5 Maintenance 

1.  Perform routine calibration prior to each use and at the end of each day. 

2.  Factory calibrate yearly, when malfunctioning, when the span setting exceeds the maximum 
span setting for the probe in use, and after the UV light source has been replaced. 

3.  Clean the main readout assembly after each use. Thoroughly decontaminate the instrument at 
the completion of the project. 

4.  Recharge the battery daily. 

5.  Care should be taken when sampling over solids and liquids so that it is not drawn into the 
instrument. 



 

 

ATTACHMENT 1 

IONIZATION POTENTIALS FOR VOLATILE SITE-RELATED CHEMICALS 

 



 

 

Ionization Potentials for Volatile Site-Related Chemicals 
     

Parameter of Analytical  CAS Ionization 
Interest Method Compound List Number Potential (eV) 

Ions EPA 300.0 Bromide 24959-67-9 n.p. 
  Bromine 7726-95-6 10.52 
  Chlorate 14866-68-3 n.p. 
  Chloride 16887-00-6 n.p. 
  Chlorine 7782-50-5 11.48 
  Chlorite 14998-27-7 n.p. 
  Fluoride 16984-48-8 n.p. 
  Nitrate (as N) 14797-55-8 n.p. 
  Nitrite (as N) 14797-65-0 n.p. 
  Orthophosphate 14265-44-2 n.p. 
  Sulfate 14808-79-8 n.p. 
 EPA 377.1 Sulfite 14265-45-3 n.p. 
 EPA 314.0 Perchlorate 14797-73-0 n.p. 

Dissolved RSK 175 Ethane 74-84-0 11.52 
Gases  Ethylene 74-85-1 10.51 

  Methane 74-82-8 12.61 
General EPA 350.2 Ammonia 7664-41-7 10.07 

Chemistry EPA 335.1/335.2 Cyanide 57-12-5 13.6 
 EPA 345.1 Iodine 7553-56-2 9.31 

Aldehydes EPA 8315A Acetaldehyde    75-07-0 10.23 
  Chloroacetaldehyde 107-20-0 10.61 
  Dichloroacetaldehyde 79-02-7 10.5 
  Formaldehyde 50-00-0 10.88 
  Trichloroacetaldehyde 75-87-6 10.9 

Volatile EPA 8260B 1,1,1,2-Tetrachloroethane 630-20-6 11.1 
Organic  1,1,1-Trichloroethane 71-55-6 11.25 

Compounds  1,1,2,2-Tetrachloroethane 79-34-5 11.10 
  1,1,2-Trichloroethane 79-00-5 11.0 
  1,1-Dichloroethane 75-34-3 11.04 
  1,1-Dichloroethene 75-35-4 9.81 
  1,1-Dichloropropene 563-58-6 n.p. 
  1,2,3-Trichlorobenzene 87-61-6 9.18 
  1,2,3-Trichloropropane 96-18-4 n.p. 
  1,2,4-Trichlorobenzene 120-82-1 9.04 
  1,2,4-Trimethylbenzene 95-63-6 8.27 
  1,2-Dichlorobenzene 95-50-1 9.06 
  1,2-Dichloroethane 107-06-2 11.07 
  1,2-Dichloropropane 78-87-5 10.8 
  1,3,5-Trichlorobenzene 108-70-3 9.3 
  1,3,5-Trimethylbenzene 108-67-8 8.4 
  1,3-Dichlorobenzene 541-73-1 9.1 
  1,3-Dichloropropene 542-75-6 n.p. 



 

 

Ionization Potentials for Volatile Site-Related Chemicals 
     

Parameter of Analytical  CAS Ionization 
Interest Method Compound List Number Potential (eV) 
Volatile EPA 8260B 1,3-Dichloropropane 142-28-9 10.89 
Organic  1,4-Dichlorobenzene 106-46-7 8.92 

Compounds  2,2-Dichloropropane 594-20-7 n.p. 
(continued)  2,2-Dimethylpentane 590-35-2 n.p. 

  2,2,3-Trimethylbutane 464-06-2 n.p. 
  2,3-Dimethylpentane 565-59-3 n.p. 
  2,4-Dimethylpentane 108-08-7 n.p. 
  2-Chlorotoluene 95-49-8 8.72 
  2-Hexanone 591-78-6 9.35 
  2-Methylhexane 591-76-4 n.p. 
  2-Nitropropane 79-46-9 10.74 
  3,3-Dimethylpentane 562-49-2 n.p. 
  3-Ethylpentane 617-78-7 n.p. 
  3-Methylhexane 589-34-4 n.p. 
  4-Chlorotoluene 106-43-4 8.69 
  4-Methyl-2-pentanone (MIBK) 108-10-1 9.3 
  Acetone 67-64-1 9.7 
  Acetonitrile 75-05-8 12.2 
  Benzene 71-43-2 9.24 
  Bromobenzene 108-86-1 9.0 
  Bromodichloromethane 75-27-4 10.6 
  Bromoform 75-25-2 10.5 
  Bromomethane 74-83-9 10.54 
  Carbon disulfide 75-15-0 10.07 
  Carbon tetrachloride 56-23-5 11.47 
  Chlorobenzene 108-90-7 9.07 
  Chlorobromomethane 74-97-5 10.77 
  Chloroethane 75-00-3 10.98 
  Chloroform 67-66-3 11.37 
  Chloromethane 74-87-3 11.26 
  cis-1,2-Dichloroethene 156-59-2 9.66 
  cis-1,3-Dichloropropene 10061-01-5 n.p. 
  Cymene (Isopropyltoluene) 99-87-6 8.29 
  Dibromochloroethane 73506-94-2 n.p. 
  Dibromochloromethane 124-48-1 10.59 
  Dibromochloropropane 96-12-8 n.p. 
  Dibromomethane 74-95-3 10.41 
  Dichloromethane (Methylene chloride) 75-09-2 11.33 
  Dimethyldisulfide 624-92-0 7.4 
  Ethanol 64-17-5 10.48 
  Ethylbenzene 100-41-4 8.77 
  Freon-11 75-69-4 11.68 



 

 

Ionization Potentials for Volatile Site-Related Chemicals 
     

Parameter of Analytical  CAS Ionization 
Interest Method Compound List Number Potential (eV) 
Volatile EPA 8260B Freon-113 76-13-1 11.99 
Organic  Freon-12 75-71-8 12.26 

Compounds  Heptane 142-82-5 9.93 
(continued)  Isoheptane 31394-54-4 n.p. 

  Isopropylbenzene 98-82-8 8.73 
  m-Xylene 108-38-3 8.55 
  Methyl ethyl ketone (2-Butanone) 78-93-3 9.52 
  Methyl iodide 74-88-4 9.54 
  MTBE (Methyl tert-butyl ether) 1634-04-4 9.24 
  n-Butyl benzene 104-51-8 8.69 
  n-Propylbenzene 103-65-1 8.71 
  Nonanal 124-19-6 n.p. 
  o-Xylene 95-47-6 8.56 
  p-Xylene 106-42-3 8.44 
  sec-Butylbenzene 135-98-8 8.68 
  Styrene  100-42-5 8.46 
  tert-Butyl benzene 98-06-6 8.68 
  Tetrachloroethene 127-18-4 9.33 
  Toluene 108-88-3 8.83 
  trans-1,2-Dichloroethene 156-60-5 9.64 
  trans-1,3-Dichloropropene 10061-02-6 n.p. 
  Trichloroethene 79-01-6 9.46 
  Vinyl acetate 108-05-4 9.2 
  Vinyl chloride 75-01-4 9.99 
  Tentatively Identified Compounds (TICs) -- -- 

Semi-Volatile EPA 8270C 1,2,4,5-Tetrachlorobenzene 95-94-3 9 
Organic  1,4-Dioxane 123-91-1 9.19 

Compounds  2-Methylnaphthalene 91-57-6 7.91 
  Acenaphthene 83-32-9 7.75 
  Acenaphthylene 208-96-8 8.12 
  Acetophenone 98-86-2 9.28 
  Aniline 62-53-3 7.72 
  Anthracene 120-12-7 7.44 
  Benzo(a)anthracene 56-55-3 7.45 
  Benzo(a)pyrene 50-32-8 7.12 
  Benzo(g,h,i)perylene 191-24-2 7.17 
  Chrysene 218-01-9 7.6 
  Dibenzo(a,h)anthracene 53-70-3 7.39 
  Diphenyl sulfide 139-66-2 7.85 
  Diphenyl sulfone 127-63-9 9.16 
  Fluoranthene 206-44-0 7.9 
  Fluorene 86-73-7 7.91 



 

 

Ionization Potentials for Volatile Site-Related Chemicals 
     

Parameter of Analytical  CAS Ionization 
Interest Method Compound List Number Potential (eV) 

Semi-Volatile EPA 8270C Hexachlorobenzene 118-74-1 9 
Organic  m,p-Cresol 106-44-5 8.34 

Compounds  Naphthalene 91-20-3 8.14 
(continued)  Nitrobenzene 98-95-3 9.94 

  o-Cresol 95-48-7 8.24 
  Pentachlorobenzene 608-93-5 8.8 
  Phenanthrene 85-01-8 7.89 
  Phenol 108-95-2 8.49 
  Pyrene 129-00-0 7.43 
  Pyridine 110-86-1 9.26 

  Thiophenol 108-98-5 8.3 
  All other SVOCs 108-98-5 n.p. 
 
Notes:  
n.p. - not published.  
Source: National Institute of Standards and Technology (NIST) Chemistry WebBook (http://webbook.nist.gov). 
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DISCLAIMER 
 
THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL 

GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED 

DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION 

ACTIVITIES. IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE 

GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD 

MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND 

EXPERIENCE. IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT 

THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE. BRC 

CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY 

OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND 

UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, 

CONTRACTUAL REQUIREMENTS SITE CONDITIONS, OR JOB REQUIREMENTS. 

ANY DEVIATIONS FROM STANDARD OPERATING PROCEDURES SHALL BE 

DOCUMENTED IN THE DATA VALIDATION REPORT IN THE APPROPRIATE 

QUALITY CONTROL SECTION. 
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1.0 INTRODUCTION 

The Quality Assurance Project Plan (QAPP; BRC, ERM and MWH 2007) provides the criteria 
and procedures by which data generated in the field and at the laboratories will be verified and 
validated. Sample results will be validated in accordance with the following U.S. Environmental 
Protection Agency (USEPA) guidance documents: 

• USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 
Review (USEPA 1999). 

• USEPA Contract Laboratory Program National Functional Guidelines for Low-
Concentration Organic Data Review (USEPA 2001). 

• USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 
Review (USEPA 2004). 

• USEPA National Functional Guidelines for Chlorinated Dibenzo-p-Dioxins (CDDs) and 
Chlorinated Dibenzofurans (CDFs) Data Review (USEPA 2005). 

• U.S. Department of Energy Evaluation of Radiochemical Data Usability, ES/ER/MS-5 (U.S. 
Department of Energy 1997). 

These documents provide detailed procedures for review of analytical data and are to be the 
primary source of guidance for validation of data collected for BMI Common Areas projects. 
Recognizing that not all possible analytical deviations are presented in the Functional 
Guidelines, these guidance documents allow for the use of individual professional judgment in 
data validation. In addition, the specific analytical methods used in site characterization shall be 
used to evaluate laboratory data and the laboratories’ adherence to the analytical methods.  

The purpose of this Standard Operating Procedure (SOP) is to provide further guidance 
regarding issues subject to professional judgment, to ensure consistency in the data validation 
process and in qualifier application for BMI Common Areas data. This SOP is to be used in 
conjunction with the Functional Guidelines and the QAPP and does not serve as complete 
instruction for data validation. Only those clarifications made to specific parameters are 
discussed in this SOP. If a quality assurance/quality control (QA/QC) parameter is not discussed; 
it is understood that the Functional Guidelines are to be followed exactly as written. 

It should be noted that this SOP has been developed to provide additional project-specific 
guidelines beyond those presented in the Functional Guidelines. All data review/validation for 
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the BMI Common Areas project will be directed by a qualified project chemist who will use 
professional judgment in all aspects of the data review/validation process. It is possible that a 
situation could arise such that deviations from this SOP could be warranted based on the project 
chemist's professional judgment. Such deviations will not be lightly undertaken, as it is BRC’s 
intent to sustain a high level of comparability in the project data set. In such cases, the deviations 
will be clearly noted and the rationale explained in the associated QA/QC report.  

2.0 DEFINITIONS 

%R Percent recovery 

CCV Continuing calibration verification 

DL Detection limit 

USEPA U.S. Environmental Protection Agency 

LCS Laboratory control sample 

LCSD Laboratory control sample duplicate 

MDL  Method detection limit 

MS Matrix spike 

MSD Matrix spike duplicate 

QA Quality assurance 

QC Quality control 

RPD Relative percent difference 

RL Report Limit  

TDS Total Dissolved Solids 

3.0 VALIDATION QUALIFICATIONS 

Based on data validation and review, data qualifiers are placed in the electronic database to 
signify whether the data are acceptable, acceptable with qualification, or rejected. Definitions of 
laboratory qualifiers, validation qualifiers, and reason codes that define a particular validation 
qualifier that are used to qualify data are presented in Tables 1 through 4 below. Validation 
qualifiers and definitions are based on those used by USEPA in the current validation guidelines 
presented in Section 1. 
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Table 1. Laboratory Qualifiers 
Laboratory 

Qualifier Definition 

U Organic and inorganic analyses: the analyte was not detected above the level of 
the reported sample quantitation limit. 

B 
Inorganic analyses: the analyte was detected between the method detection limit 
and the sample quantitation limit. 
Organic analyses: the analyte was detected in the associated method blank. 

J Organic analyses: the analyte was detected between the method detection limit 
and the sample quantitation limit. 

E Organic and inorganic analyses: the sample concentration was greater than the 
calibration’s upper limit and should be considered to be an estimated value. 

* Inorganic analyses: the analytical duplicate precision was not within control 
limits. 

N Inorganic analyses: the matrix spike was not within control limits. 

D Organic and inorganic analyses: the sample result was diluted. 

 
Table 2. Functional Guidelines Validation Qualifiers 
 Functional 
Guidelines 
Validation 
Qualifier Definition 

J The result is an estimated quantity. The associated numerical value is the 
approximate concentration of the analyte in the sample. 

U The analyte was detected, but qualified as nondetected during data validation due 
to blank contamination. 

UJ 
The nondetected analyte was qualified as estimated at the sample quantitation 
limit. The reported sample quantitation limit is approximate and may be 
inaccurate or imprecise. 

R The sample result is rejected and unusable due to serious deficiencies in meeting 
quality control criteria. The analyte may or may not be present in the sample. 

J+ 
Inorganics analyses: the result is an estimated quantity, biased high. The 
associated numerical value is the approximate concentration of the analyte in the 
sample. 

J- Inorganics analyses: the result is an estimated quantity, biased low. The associated 
numerical value is the approximate concentration of the analyte in the sample. 
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Table 3. Project-Specific Validation Qualifiers 
Project- 
Specific 

Validation 
Qualifier Definition 

X The analytical result is not used for reporting because a more accurate and precise 
result is reported in its place. 

Z The associated data has not been subjected to the data review/validation process. 

J+ Organics analyses: the result is an estimated quantity, biased high. The associated 
numerical value is the approximate concentration of the analyte in the sample. 

J- Organics analyses: the result is an estimated quantity, biased low. The associated 
numerical value is the approximate concentration of the analyte in the sample. 

J-TDS 
Inorganic analysis: the analytical result is estimated based on failure of Total 
Dissolved Solids (TDS) correctness check performed in accordance with Standard 
Methods (see Section 5.1) 

J-CAB Inorganic analysis: the analytical result is estimated based on failure of cation-
anion balance correctness check performed in accordance with Standard Methods 

J-
TDS&CAB 

Inorganic analysis: the analytical result is unreliable based on failure of cation-
anion balance and TDS correctness checks performed in accordance with 
Standard Methods. 

 
Table 4. Validation Reason Codes 
 Validation 

Reason 
Code Definition 

1 The sample preparation and/or analytical holding time was exceeded. 

 2# The analyte was detected below the report limit but above the method detection 
limit. 

3 The analyte was detected in an associated laboratory blank sample. 

4 The MS/MSD recovery was outside of control limits. 

5 The LCS recovery was outside of control limits. 

  6## The MS/MSD RPD was outside of control limits. 

  7## The LCS RPD was outside of control limits. 

8 The surrogate recovery was outside of control limits. 

  9## Level IV data validation qualification. 

10 The sample chromatogram did not resemble the standard hydrocarbon pattern. 

11 The sample concentration was greater than the instrument's calibration range. 



BMI Common Areas, Clark County, Nevada  SOP-40 Data Review/Validation 
BRC Standard Operating Procedures  August 2007 
 

 5 SOP-40 Revision 2 

Table 4. Validation Reason Codes 
 Validation 

Reason 
Code Definition 

12 The calibration criterion of RRF, %D, and/or %RSD was not met. 

13 The analyte was detected in field blank, rinsate blank, and/or trip blank sample. 

14 The internal standards did not meet control criteria. 

15 The serial dilution did not meet control criteria. 

16 The difference between columns did not meet control criteria. 

17 Field duplicates did not meet the 50% RPD control criterion. 

18 Sample receipt temperature exceeded the acceptable range of from 4 to 6 degrees 
Celsius. 

19 Analytical duplicate precision did not meet control criteria. 

20 Headspace in vials containing water samples to be analyzed for volatiles. 

21 The tracer yields did not meet control criteria. 

22 
The ratio of the measured TDS value to the mathematically calculated TDS sum 
was outside the specified error range (the cation-anion balance was within the 
error limits specified in Standard Methods). 

23 
The cation-anion balance was outside the error limits specified in Standard 
Methods (the ratio of the measured TDS value to the mathematically calculated 
TDS sum was within the specified error range). 

24 
The cation-anion balance was outside the error limits specified in Standard 
Methods, and the ratio of the measured TDS value to the mathematically 
calculated TDS sum was outside the specified error range. 

# This reason code is applied to data entries with lab qualifiers J or B, as defined above. 
## These reason codes were used in the validation of historical data and will not be used in current 
and future site investigations. 
 

In historical data validation, the qualifiers B and BJ were used to denote samples that were 
qualified as nondetected and/or nondetected and estimated at the report limit. In keeping with the 
Functional Guidelines, the U qualifier will be used for those data that are qualified as 
nondetected due to blank contamination.  

Although it is BRC's intention that all data collected for the BMI Common Areas project will be 
subjected to data review and/or data validation, for certain historical data and potential future 
data there may be occasions in which it is deemed infeasible or unnecessary. For any such data 
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included in the database, a Z qualifier will be assigned in the qualifier column to indicate that the 
associated data have not been subjected to the data review/validation process. 

4.0 GUIDELINES 

4.1 Chain of Custody 

The chain of custody shall be evaluated for any discrepancies, and if any are found, they will be 
documented in the narrative. The laboratory shall be contacted to resolve any chain of custody 
discrepancies. 

4.2 Preservation and Holding Times 

The Functional Guidelines shall be followed for qualification of sample data for preservation or 
holding time exceedances with the following clarification. Non-detected volatile sample results 
should be rejected (R) if the sample temperature is considered to be at or above 15 degrees 
Celsius, and the sample shipments have arrived at the laboratory more than four hours after 
collection of the last sample. If this condition exists, detected sample results should be qualified 
as estimated, with a low bias (J-).  

Holding time exceedances are qualified due to the potential loss of analyte. Detections will be 
qualified as estimated, with a low bias (J-). However, in the case of pH where an exceedance of 
holding time does not necessarily correspond to a potential decrease in value, results will be 
qualified as estimated (J). Non-detect values are qualified as estimated (UJ) for organic and non-
metal exceedances less than two times the holding time, or rejected (R) if exceeded for metals or 
if the holding time is exceeded by two times for organics and non-metals. 

4.3 Calibration 

The Functional Guidelines shall be followed for the qualification of sample data based on 
calibration exceedances with the following clarification. Non-detected organic sample data shall 
be rejected (R) if the continuing calibration verification (CCV) percent difference (%D) exceeds 
±75%. Detected sample data shall be qualified as estimated (J- or J+, depending on the bias of 
the CCV %D). 
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4.4 Blanks 

The Functional Guidelines shall be followed for the qualification of sample data based on blank 
contamination, following the appropriate 5× or 10× rule. The following clarification applies to 
inorganic sample data qualified on the basis of blank results. 

The Functional Guidelines allow for professional judgment in the qualification of sample data 
when the blank contamination is greater than the detection limit (DL), but less than the report 
limit (RL), and the sample results are greater than the RL. If deemed appropriate, professional 
judgment can be used to qualify these results as estimated, with a high bias (J+). 

4.5 Duplicates 

4.5.1 Analytical Duplicates 

The Functional Guidelines shall be followed for the qualification of inorganic sample data based 
on analytical duplicate results. 

4.5.2 Field Duplicates 

The Functional Guidelines do not specify qualification of samples based on field duplicate 
imprecision. However, the QAPP for the BMI Common Areas (BRC, ERM and MWH 2007) has 
determined a control criterion of a relative percent difference of 50% for field duplicates.  

If the field duplicate RPD exceeds the 50% limit, non-detected sample results shall be qualified 
as estimated at the report limit (UJ) and detected results shall be qualified as estimated (J). The 
RPD will be calculated using the reporting limit for non-detected sample results. Similar to 
analytical duplicates, this limit does not apply when the result for either the sample or its 
duplicate is less than 5× the RL. For this situation, the absolute value of the RL is to be used as 
the control limit. 

4.6 Spikes 

4.6.1 Organic Analyses 

Organic analyses are commonly reported with a laboratory control sample (LCS, or commonly 
referred to as a blank spike), and an LCS duplicate (LCSD), although an LCSD is not always 
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analyzed and reported with a sample batch. In addition, a matrix spike (MS) and a matrix spike 
duplicate (MSD) are sometimes included in the data report. 

Spike Exceedances that do not Result in Qualified Data 

• Organic sample data are not qualified on the basis of relative percent differences (RPD) 
outliers if any of the LCS, LCSD, MS, and/or MSD percent recoveries (%R) are in control. 

• Organic sample data are not qualified if a spike is biased high and the associated sample 
results are non-detected as described in the Functional Guidelines. 

• Organic sample data are not qualified if any one LCS, LCSD, MS, or MSD is out of control, 
but any other LCS, LCSD, MS, or MSD associated with the batch is in control. 

• Organic sample data are not qualified if the MS/MSD used is from a different client or 
sample batch (batch QC). However, if the sample used for the MS/MSD is a site sample and 
it can reasonably be determined that the sample matrix is similar, professional judgment 
should be used to determine if the remaining samples in the analytical batch should be 
qualified based on the MS/MSD outlier. 

Spike Exceedances that Result in Qualified Data 

• If LCS and/or LCSD percent recoveries are less than 10 percent and the MS/MSD results are 
biased low or no MS/MSD was analyzed with the batch, qualify non-detected organic sample 
results as rejected (R) and detected sample results as estimated, biased low (J-). 

• If a particular organic compound in all of the LCS, LCSD, MS, and MSDs is biased low, 
qualify associated detected data for that compound as estimated, biased low (J-), and 
associated non-detected data as estimated at the report limit (UJ). 

• If a particular compound in all of the LCS, LCSD, MS, and MSDs is biased high, qualify 
detected data for that compound as estimated, biased high (J+). 

• Professional judgment should be used when MS/MSD results are out of control and other 
QA/QC parameters such as surrogate spikes and internal standards are out of control as well, 
even if the LCS/LCSD is in control. This would indicate a systematic matrix interference and 
qualification would be justified. 
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4.6.2 Inorganic Analyses 

Inorganic analyses are commonly reported with an LCS and a MS, although there may be 
circumstances when a laboratory may report an LCS/LCSD and/or a MS/MSD. 

Spike Exceedances that do not Result in Qualified Data 

• Inorganic sample data are not qualified on the basis of RPD outliers if the LCS/LCSD and 
MS/MSD percent recoveries are in control. 

• Inorganic sample data are not qualified if a spike is biased high and the associated sample 
results are non-detected as described in the Functional Guidelines. 

• Inorganic sample data are not qualified if the MS/MSD used is from a different client or 
sample batch (batch QC). However, if the sample used for the MS/MSD is a site sample and 
it can reasonably be determined that the sample matrix is similar, professional judgment 
should be used to determine if the remaining samples in the analytical batch should be 
qualified based on the MS/MSD outlier. 

Spike Exceedances that Result in Qualified Data 

• For LCS %Rs that are less than 50%, use the Functional Guidelines’ rule to qualify non-
detected inorganic data as rejected (R) and detected data as estimated, biased low (J-). 

• For MS/MSD %Rs that are less than 30%, use the Functional Guidelines’ rule to qualify non-
detected inorganic data as rejected (R) and detected results as estimated, biased low (J-). 

• If analytes in the LCS and LCSD are biased low, qualify detected data as estimated, biased 
low (J-), and associated non-detected inorganic data as estimated at the report limit (UJ). 

• If analytes in the MS and MSD are biased low, qualify detected data as estimated, biased low 
(J-), and associated non-detected inorganic data as estimated at the report limit (UJ). 

• If analytes in the LCS and LCSD are biased high, qualify detected data as estimated, biased 
high (J+). 

• If analytes in the MS and MSD are biased high, qualify detected data as estimated, biased 
high (J+). 
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• If the LCS %R is less than 50% and the LCSD %R (or vice versa) is lower than the control 
limit but not less than 50%, qualify non-detected inorganic sample results as rejected (R), 
and qualify detected sample results as estimated, biased low (J-). 

• If the MS %R is less than 30% and the MSD %R (or vice versa) is lower than the control 
limit but not less than 30%, qualify non-detected inorganic sample results as rejected (R), 
and qualify detected sample results as estimated, biased low (J-). 

5.0 DATA REVIEW AND DATA VALIDATION 

5.1 Data Review 

A data review is conducted on data packages that are considered summary data packages, which 
include a case narrative, summary forms listing the sample results, surrogate results (as 
appropriate), and QA/QC forms summarizing method blanks, LCS/LCSDs, and MS/MSDs. In 
addition, analytical duplicates, if performed, will be presented in the summary data package. No 
raw data are included in a summary data package. Only those QA/QC results that are presented 
shall be evaluated. No judgments will be made to the data based on missing QA/QC results, 
given that every opportunity shall be made to identify and locate such records. For applicable 
inorganics data packages (i.e., those containing cation-anion and TDS data for water samples), 
the QA/QC will include performing correctness checks as described in the American Public 
Health Association Standard Methods for the Examination of Water and Wastewater (APHA, 
1999), including cation-anion balances and determination of measured versus calculated TDS. 
The inorganic correctness check qualifiers shown in Table 5 will be applied to ions and TDS 
where appropriate. 

5.2 Data Validation 

Data validation is performed on full data packages. These data packages include all of the 
elements listed above, plus all associated raw data. In addition to reviewing all of the data 
quality parameters listed in the Functional Guidelines for each analysis type, recalculation of 10 
percent of the data, including QA/QC samples, will be performed. QA/QC Review items, 
decision points, applicable qualifiers, and data subject to those qualifiers are presented in 
Table 5. 



BMI Common Areas, Clark County, Nevada  SOP-40 Data Review/Validation 
BRC Standard Operating Procedures  August 2007 
 

 11 SOP-40 Revision 2 

Table 5. Data Review/Validation Decision Points 

Data Review Item Condition 
Detect 

Result Qualifier1 
Non-Detect 

Result Qualifier1 
Scope of 

Qualification 
Holding time consistent with 
Method requirements 

none none  

Organic and Non-Metal 
Analyses: 

Holding time exceeded by 2 
times or less 

J- or J (for pH) UJ 

Holding time exceeded by 
greater than 2 times 

J- or J (for pH) R 

HOLDING TIMES 
(SOP 40, § 4.2) 

Data Review and 
Validation 

Metal Analyses: 

Holding time exceeded  

J- R 

 
All analytes 
reported in the 
affected sample and 
method  

 
 

Temperature consistent with 
Method requirements 

none none  

Cooler temperature > 6°C J- UJ 

SAMPLE 
TEMPERATURE 

(SOP 40, § 4.2) 

Data Review and 
Validation Cooler temperature > 15°C 

and samples arrived at 
laboratory > 4 hours after last 
sample collected 

J- R (volatiles only) 

 
All analytes 
reported in the 
affected sample and 
method  

Please see the appropriate National Functional Guidelines for individual criteria. The RRF and 
linearity criteria in the Functional Guidelines shall be followed. 

Organic Analyses: 

Continuing calibration 
verification (CCV) percent 
difference > appropriate GC 
or GC/MS limit < ±75% 

J+/J- 
(depending on 

bias) 

UJ (if biased low) 

CALIBRATION 
(SOP 40, § 4.3) 

Data Validation 

Continuing calibration 
verification (CCV) percent 
difference > ±75% 

J+/J- 
(depending on 

bias) 

R 

All affected 
analytes associated 
with the CCV 

Organic Analyses: 

Sample analyte result  
≤ blank result multiplied by 
5X or 10X, as appropriate 

U none 

Sample analyte result  
> blank result multiplied by 
5X or 10X, as appropriate 

none none 

BLANKS 
(method, field, 

equipment, trip)  
(SOP 40, § 4.4) 

Data Review and 
Validation 

 

 

 

 

Inorganic Analyses: 

Blank result > MDL but < 
RL and sample result ND or 
sample result > RL 

none none 

 

 

 

Analytes detected 
in samples that are 
detected in the 
associated blank 
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Table 5. Data Review/Validation Decision Points 

Data Review Item Condition 
Detect 

Result Qualifier1 
Non-Detect 

Result Qualifier1 
Scope of 

Qualification 
Blank result > MDL but < 
RL and sample result > MDL 
but < RL 

U none 

Blank result > RL and sample 
result ND  

none none 

Blank result > RL and 
Sample Result > MDL but < 
RL 

U none 

Calibration Blank result > RL 
and Sample Result > RL but 
< Calibration blank result 

U none 

Calibration Blank result > RL 
and Sample Result > 
Calibration blank result 

None; unless pro-
fessional judgment 
suggests otherwise 

none 

Non-Calibration Blank (i.e. 
preparation, field or 
equipment) result > RL and 
Sample Result > RL but < 
10x blank result 

J+; unless 
professional 

judgment suggests 
“U” 

none 

BLANKS 
(Continued) 

 

Non-Calibration Blank result 
> RL and Sample Result > 
10x blank result 

none none 

 

 

 

 

 

 

Analytes detected 
in samples that are 
detected in the 
associated blank 

 

 

Analytical Duplicates 
(inorganic results only): 
Relative Percent Difference ≤ 
20% 

 
 

none 

 
 

none 

Relative Percent Difference > 
20%, when detection in 
sample and duplicate >5x RL 

J UJ 

Difference > Absolute value 
of RL, when detection in 
sample or duplicate ≤5x RL 

J UJ 

 

 

 

Apply to samples in 
the analytical batch 

Field Duplicates (inorganic 
or organic results): 
Relative Percent Difference ≤ 
50% 

 
none 

 
none 

Relative Percent Difference > 
50%, when detection in 
sample and duplicate >5x RL 

J UJ 

DUPLICATES 
(SOP 40, § 4.5) 

Data Review and 
Validation 

Difference > Absolute value 
of RL, when detection in 
sample or duplicate ≤5x RL 

J UJ 

 

 

 

Apply to sample 
and duplicate 
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Table 5. Data Review/Validation Decision Points 
 

Data Review Item 

 

Condition 

Detect 
Result 

Qualifier1 

Non-Detect 
Result 

Qualifier1 

 
Scope of 

Qualification 

 

 

 

% Recovery ≤ 10 

 

 

 

J- 

 

 

 

R 

% Recovery > 10% and < Laboratory 
Lower Limit  

J- UJ 

SURROGATE 
RECOVERY 

(organic methods 
only)  

TRACER/CARRIER 
RECOVERY 
(applicable 

radiochemistry 
methods only)  

[as per Functional 
Guidelines; not 

discussed in SOP 40] 

Data Review and 
Validation 

% Recovery > Laboratory Upper Limit 

 

 

 

Note: For GC/MS semi-volatile 
analysis, two or more surrogates in a 
fraction must be out of criteria for 
qualification unless recovery < 10%. 

J+ none 

For GC and GC/MS 
volatile organics and 
GC and HPLC semi-
volatile organics, all 
analytes reported in 
the affected sample  

For GC/MS semi-
volatile organics, all 
analytes in the 
affected sample that 
have the same acid 
or base-neutral 
fraction as the 
surrogate  

For radiochemistry 
methods, all reported 
isotopes in affected 
sample  

Organic Analyses: 
% Recovery for a particular compound 
≤ Laboratory Lower Limit in all LCS. 
LCSD, MS, and MSDs 

 
J- 

 
UJ 

% Recovery > Laboratory Lower Limit 
and ≤ Laboratory Upper Limit  

none none 

% Recovery > Laboratory Upper Limit 
in all LCS. LCSD, MS, and MSDs 

J+ none 

Inorganic Analyses: 
MS/MSD % Recoveries ≤ 30% 

 
J- 

 
R 

% Recovery for a particular compound 
≤ 30% in one of either the MS or MSD 
and ≤ 75% for the other (MS or MSD) 

J- R 

% Recovery for a particular compound 
> 30% and ≤ 75% in both the MS and 
MSD  

J- UJ 

MS/MSD % Recoveries > 75% and 
 ≤ 125%   

none none 

MATRIX 
SPIKE/MATRIX 

SPIKE DUPLICATE 
RECOVERY  

(SOP 40, § 4.6) 

Data Review and 
Validation 

% Recovery for a particular compound 
> 125% in both MS and MSD 

J+ none 

 
 

 

 

 

Affected analyte in 
the associated parent 
sample or all 
associated samples 
as discussed in the 
main text(2) 
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Table 5. Data Review/Validation Decision Points 
 

Data Review Item 

 

Condition 

Detect 
Result 

Qualifier1 

Non-Detect 
Result 

Qualifier1 

 
Scope of 

Qualification 

Organic Analyses: 
LCS/LCSD % Recoveries for a 
particular compound ≤ 10% and 
MS/MSD not performed or biased low 

 
J- 

 
R 

% Recovery for a particular compound 
≤ Laboratory Lower Limit in all LCS. 
LCSD, MS, and MSDs 

J- UJ 

LCS/LCSD % Recoveries > Laboratory 
Lower Limit and ≤ Laboratory Upper 
Limit  

none none 

% Recovery > Laboratory Upper Limit 
in all LCS. LCSD, MS, and MSDs 

J+ none 

Inorganic Analysis: 
LCS/LCSD % Recoveries ≤ 50% 

 
J- 

 
R 

% Recovery for a particular compound 
< 50% in one of either the LCS or 
LCSD and ≤ Laboratory Lower Limit 
for the other (LCS or LCSD) 

J- R 

% Recovery for a particular compound 
> 50% and ≤ Laboratory Lower Limit in 
both the LCS and LCSD 

J- UJ 

LCS/LCSD % Recoveries > Laboratory 
Lower Limit and ≤ Laboratory Upper 
Limit 

none none 

LABORATORY 
CONTROL 
SAMPLE/ 

LABORATORY 
CONTROL 
SAMPLE 

DUPLICATE 
RECOVERY  

(SOP 40, § 4.6) 

Data Review and 
Validation 

% Recovery for a particular compound 
> Laboratory Upper Limit in both LCS 
and LCSD 

J+ none 

 

 

 

 

 

 

 

 

 

Affected analyte in 
the associated 
parent sample or all 
associated samples 
as discussed in the 
main text(2) 
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Table 5. Data Review/Validation Decision Points 
 

Data Review Item 

 

Condition 

Detect 
Result 

Qualifier1 

Non-Detect 
Result 

Qualifier1 

 
Scope of 

Qualification 

Ratio of TDS (Measured)/TDS 
(calculated) ≥1.0 and ≤1.2 

none none 

Ratio of TDS (Measured)/TDS 
(calculated) <1.0 or >1.2 

J-TDS none 

All analytes used to 
calculate TDS and 
TDS in affected 
sample 

Cation-anion difference falls below the 
criterion on the right (dependent on 
magnitude of anion sum): 

When Anion 
Sum (meq/L) 

Σ Cation Σ Anion 
Difference 

0 to 3.0 ± 0.2 meq/L 

3.0 to 10.0 ± 2% (3) 

10.0 to 800 ± 5% (3)  

none none 

Using the above ranges/criteria, cation-
anion difference falls above the 
criterion on the right: 

J-CAB none 

 

 

 

All cations and 
anions in affected 
sample 

 

INORGANIC 
CORRECTNESS 

CHECKS 
(water samples) 
(SOP 40, § 5.1) 

Data Review and 
Validation 

Both TDS and cation-anion balance 
checks do not pass above metrics 

J-
TDS&CAB 

none TDS, analytes used 
to calculate TDS, 
and anions and 
cations in affected 
sample 

 
Notes: 
 
1. Data review qualifiers follow the EPA Functional Guidelines.  The overall data-review qualifier is a 

summation of all qualifiers contributed by each applicable data review item listed here.  The hierarchy is as 
follows:  J + U = UJ  
 J + UJ = UJ 
 J+ + J = J 
 J- + J = J 
 J+ + J- = J  
 R + any qualifier = R  
Each result record is updated with applicable individual data-review item qualifiers and the overall data-
review qualifier. 

2. For organic data, no qualifiers added on this basis if any one of the LCS, LCSD, MS, or MSD % Recoveries is 
in control.  Furthermore, inorganic or organic sample data are not qualified if the MS/MSD used is from a 
different client or sample batch, unless it can be reasonably determined that the sample matrix is similar; 
professional judgment is used in such cases to determine whether qualifiers are warranted.  Professional 
judgment should be used when MS/MSD results are out of control and other QA/QC parameters (i.e., surrogate 
spikes and internal standards) are out of control as well, even if the LCS/LCSD is in control; this would indicate 
a systematic matrix interference and qualification would be justified.   

3. % difference for cation-anion balance to be determined using the following formula: 
Σ cations – Σ anions % difference = 100 Σ cations + Σ anions 
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Appendix A-1 
 
1. General, there are a variety of errors and omissions throughout this document. As part of the 

response to this letter please generate an additional standard operating procedure (SOP) to be 
included in this document. The SOP should be titled “Quality Assurance and Quality Control 
for Submittals to the NDEP” and should discuss the procedures that will be implemented to 
improve the quality of documents that are submitted to the NDEP. 

 
Response: BRC has included SOP-0 titled “Quality Assurance and Quality Control for 
Submittals to the NDEP” to propose steps to implement to improved the quality of documents 
submitted to the NDEP.  
 
2. SOP-3, the NDEP has the following comments: 

a. Page 7, in the statement “4.937 (BD multiplier minus…”, the multiplier should be 4.29. 
 

Response: BRC has revised the document accordingly. 
 
3. SOP-6, the NDEP has the following comments: 

a. Please note that the title page of this SOP differs from the title in the list of SOPs. 
 

Response: BRC has revised the list of SOPs to reflect the SOP title page. 
 

b. Attachment 1 is referred to throughout the SOP, however, the attachment is blank. This is 
a problem throughout the document and is noted below in specific comments. 
 

Response: BRC has removed this attachment and provides a reference to the project Quality 
Assurance Project Plan (QAPP) which contains this information. 
 

c. Section 4.2.1, page 3, BRC states “Sample containers will be filled with adequate 
headspace (approximately 90 percent) for safe handling upon opening, except containers 
for volatile organic compound (VOC) analyses, which will be filled completely with no 
headspace.” 90% headspace for any sample is not consistent with normal sampling 
procedures; it is unclear why this much headspace is specified. 

 
Response: BRC has revised the text to clarify this issue.  
 

d. Section 4.2.3, page 5, Attachment 3 is referenced here, however, Attachment 3 is blank. 
 

Response: BRC has revised the SOP to include Attachment 3, which now Attachment 1. 
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4. SOP-11, page 5 last paragraph, the reference listed in this paragraph for Robertson et al. has 
a date 1988. There is no Robertson et al., 1988 reference in the reference section. There is a 
Robertson and Campanella 1986 reference. Please verify and correct this issue. 

 
Response: The references in this SOP have been corrected to reflect Robertson and Campanella 
1986. 
 
5. SOP-12, the NDEP has the following comments: 

a. Section 1.1, page 1, please note that the use of Ziploc bags for soil moisture content 
samples can result in poor moisture content estimates. It is difficult to verify that the bags 
are completely sealed and stay sealed and the bags can easily be punctured. Normally, 
moisture content samples are placed in plastic or metal containers with tight fitting lids. 

 
Response: A note to this issue has been added to this SOP. It should be noted that this SOP was 
prepared by Dr. D. Wayne Berman, a recognized expert in the field of asbestos sampling and 
assessment. 
 

b. Section 1.2, page 2, item 1, the acronym “ACM” is used without explanation. All 
acronyms should be explained at their first use. This issue should be corrected throughout 
the report and additional instances will generally not be repeated in this letter. 
 

Response: All first instances of acronyms and abbreviations have been defined. 
 

c. Section 1.2, page 2, item 3, In the first sentence a volume of magnitude 125 is specified, 
however the units are “cm”. Please correct this issue. 
 

Response: This issue has been corrected. 
 
6. SOP-14, Attachment 6 is supposed to contain forms, however, it is blank. 

 
Response: BRC has revised the SOP to include Attachment 6. 
 
7. SOP16, the NDEP has the following comments: 

a. Page 16, the 1st sentence states “Flux measurements will be conducted on solid and 
liquid livestock waste materials.” It appears that this SOP was generated for another 
project that involved livestock wastes and was not given an appropriate QA/QC check 
prior to inclusion. 
 

Response: BRC has revised the SOP to delete the text. 
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b. Page 17, 2nd paragraph, the acronym “OVA” is used without explanation, see comment 
above. 
 

Response: BRC has revised the SOP to define OVA. 
 

c. Page 17, last bullet, in the procedure for data collection the last instruction is, “Monitor 
the gas concentrations and record data every residence time.” Specify where in the 
system and with what instrumentation the gas concentrations are being monitored. 
 

Response: The monitoring instrumentation has been provided. It should be noted that this SOP 
was prepared by Dr. C. E. Schmidt, a recognized expert in the field of soil vapor flux sampling. 
 

d. Figure 5-1, the example form appears to be incomplete. Column labels for temperatures 
and gas concentrations are missing. Additionally the page number is missing. 

 
Response: This figure has been corrected and is now Attachment 1. 
 

e. Section 6.0, the page numbering for the SOP begins at Page 1 again at Section 6.0. Page 
numbering of an SOP should be consecutive and non-redundant. 
 

Response: The page numbering has been corrected. 
 

f. Section 8.3, 1st paragraph, last sentence, the sentence reads, “Reanalysis or resembling 
may be recommended at this time if data are determined to be unacceptable…” Did the 
author intend, “Reanalysis or resampling may be recommended…”? (underline added for 
emphasis Please correct this issue. 
 

Response: This sentence has been corrected. 
 

g. Section 9.0, page 10, please explain what the term “malls” refers to in the last sentence of 
this section. 
 

Response: This has been corrected to read ‘MDLs’. 
 

h. Section 9.3, page 17, this section refers to the commercial laboratory QUALITY 
MANUAL (July 2001) as being attached to the SOP. The QUALITY MANUAL (July 
2001) is not appended to the SOP. 

 
Response: This has been corrected. The reference is now to the laboratory manual included in 
the project QAPP. 
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8. SOP-19, page 1, last paragraph, BRC refers to decontamination procedures while the topic of 
the SOP is Borehole Abandonment. The paragraph should be revised to reflect the focus on 
borehole abandonment. 

 
Response: This paragraph has been corrected. 
 
9. SOP-29, the NDEP has the following comments: 

a. Section 3.0, page 4, it is suggested that the location (including map) and phone numbers 
for the closest hospital and fire department be included. 

 
Response: This information is provided in the project Health and Safety Plan. A reference to this 
plan has been added. 
 

b. Section 8.1, page 17, item 12 BRC should define FOL, see previous comments regarding 
acronyms. 
 

Response: This term has been replaced with ‘Project Manager.’ 
 

c. Section 9.0, the References section includes a full description for the OSHA document 
referred to in Section 1.0 but does not include the information for DOT and EPA listed 
here. 
 

Response: This information has been provided. 
 
10. SOP-32, the NDEP has the following comments: 

a. General, please explain if each XRF value is an average of several readings or single 
readings. Providing this type of information can help with the development of a data 
analysis approach. 
 

Response: Because of limitations with XRF sampling, and it’s inappropriateness for use for the 
project, this SOP has been removed. 
 

b. General, please explain how the laboratory results will be used with the field XRF data. 
Will the results be evaluated for correlation? Will the field results be adjusted based on 
laboratory results? Some discussion should be included in this SOP to understand how all 
the data will be assessed. 
 

Response: Because of limitations with XRF sampling, and it’s inappropriateness for use for the 
project, this SOP has been removed. 
 

c. Section 7.2.3, pages 10 and 11, the detection limit equation needs clarification. Is D.L. = 
[3*(2*BC)^0.5 * (concentration of standard)]/standard net count or is (2)^0.5 a factor? 
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What parameters require the square root to be taken? Are the numbers, 3 and 2, factors? 
The equation as written is confusing, please clarify. 
 

Response: Because of limitations with XRF sampling, and it’s inappropriateness for use for the 
project, this SOP has been removed. 
 

d. Section 7.2.3, pages 10 and 11, the signal to noise equation and text is also confusing. Is 
the numerator (total signal + the background)^0.5 or is only the total signal taken to the ½ 
power? What is meant by “Use the following equation to determine the percent signal 
acceptance (which should be 10 percent).” 10 percent of what? This acceptance criterion 
is unclear, please clarify. 
 

Response: Because of limitations with XRF sampling, and it’s inappropriateness for use for the 
project, this SOP has been removed. 
 
11. SOP-35, Section 6.0, page 5, step 3, BRC states, “Place blue ice packs around soil and water 

samples to maintain necessary temperatures during shipment.” However, in SOP5, Section 
4.7.1, page 21 BRC states, “Frozen blue ice” is not recommended. In SOP 6, Section 4.3.2, 
page 11 BRC states, “In addition, experience has shown that blue ice is inadequate to 
maintain sample temperature and it will not be used for sample preservation.” BRC should 
take a consistent approach to ensuring sample temperature during shipment. 

 
Response: References to blue ice have been removed. In addition, a consistent approach to 
maintaining sample temperature during shipment has been implemented. 
 
12. SOP-36, Section 3.0, page 2, BRC refers to Table 1 and Table 2 in Attachment 1. This 

attachment was not included with the SOP. 
 

Response: Reference to these tables is now to the ASTM guidance, and references to an 
attachment have been removed. 
 
13. SOP-37, the NDEP has the following comments: 

a. Section 4.1.1, page 5, please be advised that including a reference or table of appropriate 
container types would be valuable to this part of the SOP. 

 
Response: Reference to the project QAPP, which contains sample container requirements, has 
been provided. 
 

b. Section 4.4.1.1, pages 9 and 10, BRC states “Coelution of the target analytes is not 
acceptable unless the compounds are distinguished and quantified by two different types 
of detectors in use at that time.” Coelution should have some quantitative definition (or 
reference to one) so that the analysts can determine when a problem exists. 
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Response: Comment noted; however no change has been made to the SOP. This language is 
from a State of California guidance document and no other definition is provided. Although this 
SOP has been included, it is unlikely that this procedure will be used at the site. Instead vapor 
flux per SOP-16 will be conducted. Should BRC use active soil gas investigations, this SOP will 
be revised in a future work plan. 
 

c. Section 4.4.1.3, page 12, the first full paragraph on page 12 discusses the need to 
reanalyze samples when the concentration of constituents exceeds 50% of the highest 
concentration of the calibration range. The reason for this criterion is unclear, if a 
calibration model has been determined acceptable (e.g. via an r2 or other specification) 
why should samples not exceed 50% of the highest level. This criterion should be 
clarified. 
 

Response: Comment noted; however no change has been made to the SOP. This language is 
from a State of California guidance document and no other definition is provided. Although this 
SOP has been included, it is unlikely that this procedure will be used at the site. Instead vapor 
flux per SOP-16 will be conducted. Should BRC use active soil gas investigations, this SOP will 
be revised in a future work plan. 
 

d. Section 4.4.1.3, page 12, in the second full paragraph on page 12 the SOP states, 
“Surrogate analysis and second column confirmation are not mandatory.” Does this only 
apply to GC/MS analyses or all GC analyses? The reason for not using second column 
confirmation needs further clarification. If this is meant to apply to GC analyses the 
dropping of second column confirmation should be justified. 
 

Response: The issue of second column confirmation is addressed in Section 3.4.1.2, therefore, 
this sentence has been removed. 
 

e. Section 4.4.1.3, page 12, in the fourth full paragraph on page 12 the SOP states, “If high 
VOC concentration in an area is known from previous soil gas analysis the procedures 
specified in this SOP regarding high concentration samples are not necessary when 
analyzing samples from the area in question.” It is unclear what is meant by “…the 
procedures specified in this SOP regarding high concentration samples…” No such 
delineation for “high concentration samples” is specified in the SOP. Also, please discuss 
what procedures are not required for high concentration samples, and why they would be 
exempt. 
 

Response: This sentence has been removed from the SOP. 
 

f. Section 4.4.1.4, page 16, the bullet that begins with “Environmental Sample” indicates 
sample concentration should be specified in µg/L. Gas concentrations should also specify 
temperature and pressure when these units are used. If the analyses assume nominal 
temperature and pressure or standard temperature and pressure (e.g. STP) this should be 
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stated. Also, the data reporting should include a quality assurance summary and an 
explanation of any qualifications with the data.  
 

Response: A bullet listing “Sample temperature and pressure (if gas sample is collected)” is 
listed immediately below reference to Concentration in µg/L. Also, data validation and 
qualification procedures are described elsewhere (e.g., the project QAPP). 
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Appendix A-2 
 
1. General Comment, it is the NDEP’s assumption that the SOPs have not changed, outside of 

the changes detailed in the response-to-comments (RTC) letter.  If this is not the case, please 
discuss this matter with the NDEP. 

   
Response: NDEP is correct. Other than the following: standard formatting changes for 
consistency; abbreviation and spelling corrections; page numbering corrections; corrections to 
references; and corrections to ensure consistency between the SOP titles and the SOP list, no 
other changes were made to the document. 
 
2. General Comment, please consider including an SOP for PID screening techniques.  This 

SOP should describe the selection of bulbs for the PID and how this selection correlates to 
the site-related chemical (SRC) list.  Limitations of this technique should also be discussed 
(due to high ionization potentials of certain contaminants at the site).  This SOP could be 
expanded to include the use of Draeger tubes or other screening techniques, if applicable.  It 
is the belief of the NDEP that this SOP is necessary and should be tied to SOP-37; the project 
Health and Safety Plan (HASP); and other applicable SOPs.  This new SOP should list the 
other SOPs that need to reference this SOP. 

   
Response: SOP-39, titled “Photoionization Detector (PID) Screening Procedure”, has been 
added to the list of SOPs and SOP document. 
 
SOP-39 contains the following text regarding other SOPs that have reference the use of PIDs: 
“Other SOPs that reference use of PIDs are SOP-3 (Groundwater Monitoring Well 
Development), SOP-13 (Operating and Calibration Procedures - Field Equipment), SOP-14 
(Field Documentation), SOP-17 (Soil Logging), SOP-18 (Soil Sampling for VOCs Using 
EnCore™ Samplers), SOP-30 (Field Analytical Procedure), and SOP-37 (Active Soil Gas 
Investigation).”  
 
In addition, the following has been added to each of the seven SOPs that reference use of PIDs: 
“(Note: see SOP-39 for additional information on PID principles and procedures.)”  
 
3. General Comment, Introduction, this section should discuss how this document fulfills the 

requirements of a field sampling plan (FSP) as described by the USEPA.  Please include 
references to the applicable reference materials.  It is the preference of the NDEP that this 
document is referred to as an FSP in the future (for compliance with USEPA guidance). 

 
Response: The title has been changed to ‘Field Sampling and Standard Operating Procedures’ 
to reflect its content. In addition, text has been added to the Introduction that references the 
following USEPA guidance documents regarding FSPs: 
 
USEPA. 1988. Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA. Interim Final. EPA/540/G-89/004. Office of Emergency and Remedial Response, 
Washington, DC. October. 
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USEPA. 2001. Guidance for Preparing Standard Operating Procedures (SOPs). EPA QA/G-6. 
EPA/240/B-01/004. Office of Environmental Information, Washington, DC. March. 
 
USEPA. 2002. Guidance on Choosing a Sampling Design for Environmental Data Collection for 
Use in Developing a Quality Assurance Project Plan. EPA QA/G-5S. Office of Environmental 
Information, Washington, DC. December. 
 
USEPA. 2006. Guidance on Systematic Planning Using the Data Quality Objectives Process. 
EPA QA/G-4 . Office of Environmental Information, Washington, DC. February. 
 
Reference to field sampling plans, and the required elements of such plans, has also been added 
to the Introduction section. In addition, Section 2 References, has been added to the document.  
 
4. SOP-0, Quality Assurance and Quality Control for Submittals to the NDEP, the NDEP has 

the following comments: 
a. General comment, please add a step to the review process to include the development of a 

tracking mechanism to document which team members completed quality checks on the 
submittal.  This documentation should be included in all future submittals as a sheet 
behind the CEM jurat.  In addition, it is requested that the CEM jurat page be dated by 
the project CEM when it is signed. 

   
Response: The following sentence has been added to the final paragraph of this SOP “Sign-off 
by team members who have completed quality checks on the document shall be included on a 
sheet behind the CEM jurat.” The SOP already states in the 2nd to last paragraph, regarding the 
CEM jurat, that “…the date on which the document was signed, …”. 
 

b. Section 3.0, the SOP specifies that the reviewer will check drawings for “gross errors”.  It 
is requested that the reviewer check the drawing for “errors” not “gross errors” 
exclusively. 

   
Response: The word ‘gross’ has been removed. 
 

c. Section 3.0, it is recommended that the reviewer check the drawings versus all applicable 
tables and text.  Drawings should correlate to the information being described in the 
tables as text. 

   
Response: The first bullet of Section 3.0 has been changed to: “Review of all project drawings 
and designs to identify errors; conflicts between drawings, tables, and text; and omissions in 
detail, dimensions, and identification.” 
 

d. Section 4.0, please note that NDEP comments should be reviewed prior to generation of 
any part of the submittal.  This SOP states that “review comments, along with comment 
responses, shall be reviewed prior to submitting comment responses to the NDEP.”  It is 



BMI Common Areas, Clark County, Nevada  Appendix A 
BRC Field Sampling and Standard Operating Procedures August 2007 
   

 A-2-3 FSSOP Revision 2 

the belief of the NDEP that this statement does not properly weight the importance of the 
review of the NDEP’s comments.  In addition, the entire document (calculations, 
drawings, text) should be checked to determine compliance with the NDEP’s comments 
and BRC’s responses, prior to submittal. 

   
Response: The following sentence has been added to the final paragraph of this SOP “In 
addition, the entire document (including calculations, drawings, and text) shall be checked to 
determine compliance with the NDEP’s comments and BRC’s responses, prior to submittal.” 
 
5. SOP-16, the NDEP has the following comments: 

a. BRC has not responded appropriately to the NDEP’s previous comment #7a dated 
February 1, 2006.  The bullet has not been revised and no reference is provided for the 
reviewer to determine where to locate the documentation regarding the instrumentation 
that is being used.  BRC states that “The monitoring instrumentation has been provided.  
It should be noted that this SOP was prepared by Dr. C.E. Schmidt, a recognized expert 
in the field of soil vapor flux sampling.”  The response should have stated that “The 
monitoring instrumentation has been provided in Section xx.xx and the bullet has been 
revised to include a cross-reference.”  Additionally, please note that Dr. Schmidt’s 
credentials were not in question as part of this comment and the statement provided by 
BRC is not an appropriate response. 

   
Response: We believe the comment is referring to NDEP’s previous comment #7c. The following 
is the revision that was made to Section 5.2, page 14, 6th bullet, based on this previous comment 
“Monitor the outlet gas concentrations using an OVA and record data every residence time”. As 
stated previously in this section (1st paragraph of page 14) “The outlet line will include a 
sampling manifold for monitoring and/or collection of the gaseous specie of interest.” 
 

b. Section 6.4, page 19, please verify that the specified laboratories are included in the 
project QAPP, as applicable.  

   
Response: Because of NDEP laboratory-certification requirements, it is anticipated that STL 
will be used for all air sample analyses. SOP-16 text has been revised to reflect the use of STL 
rather than Environmental Analytical Services (EAS) and Radon Testing Corporation of 
America.  
 
6. SOP-38, the certificate of calibration that is provided as an attachment to this SOP is past 

due.  Per the SOP, calibrations should be performed annually, at a minimum.  Please insure 
that the equipment is properly calibrated prior to use. 

   
Response: Comment noted. The equipment will be properly calibrated prior to use. 
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Appendix A-3 
 
1. SOP-39, the NDEP has the following comments: 

a. Section 1.0, it appears that it may be appropriate to develop a SOP-40 for FID screening 
procedures.  Please discuss this matter with the NDEP.  
 

Response: A flame ionization detector (FID) is useful for quantifying combustible substances; 
however, based on site knowledge for the Eastside, CAMU, and other BMI Common Areas, it is 
not anticipated that conditions will be encountered that require the use of FID screening 
procedures. Should our understanding of the site change, a SOP for FID screening procedures 
will be developed. 
 

b. Section 1.0, HNU is not defined prior to use. 
 

Response: HNU is a company name, there is no definition for it. However, HNU has been 
replaced with ‘PID instrument’ in the SOP. 
 

c. Attachment 1, several of the ionization potentials that are listed appear to be incorrect, 
examples are provided below: 
 

Response: Attachment 1 has been corrected. The primary source for ionization potentials is now 
the National Institute of Standards and Technology (NIST) Chemistry WebBook 
(http://webbook.nist.gov) as footnoted in the attachment. 
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Appendix A-4 
 

Response to NDEP Comments on SOP-16 Flux Chamber Source Testing 
dated July 26, 2006 

 
Section 1.0 - Introduction 
 
The SOP does not address how the data will be applied in the post-remediation health risk 
assessment (HRA).  It would be useful for all parties to document (in this SOP or in Chapter 9 of 
the Closure Plan) how the flux chamber data (VOCs and radon) will be used in the HRA. 
 
Response: VOC and radon flux data collected from the site under current, pre-remediation 
conditions, provides baseline air pathway analysis data useful for predicting exposure from site 
contamination to receptors prior to remediation (i.e., surface emissions and transport via 
ambient air to receptors on site or off site), or to receptors in structures on site without 
remediation.  In other words, these data, with the exception of exposure scenarios that include 
baseline site conditions or no-action alternatives, are not useful for the post-remediation HRA.  
For instance, if there is an area of the site where the no action alternative is selected, then these 
present site conditions data or baseline assessment data are directly applicable to estimating 
exposure, such as vapor intrusion into future buildings.  But if an area of the site is identified for 
a remedial action, then the baseline flux data collected in this investigation will have no 
application for the post-remediation HRA, and post remediation flux data will have to be 
collected after the selected remedial action is completed.  This information has been added to 
Section 1. 
 
Section 2 – Project Description 
 
Page 2, last paragraph – “There is no data available that might be used to direct the selection of 
test locations for radon testing other than potential effluent disposal information.”  Soil matrix 
data and groundwater data should be used to guide flux chamber sample locations for radon. 
 
Response: Originally, the concern for actual radon exposure was low and the radon testing was 
offered at the selected VOC test locations for radon flux screening at collocated screening 
locations.  Static headspace samplers are going to be used for this purpose, and there is really 
no scientific reason for co-locating the radon sampling activities.  Given this request, the 
radionuclide soil data will be reviewed and unique test locations for radon screening will be 
identified.  The radon test locations will be provided in the Field Sampling Plan (FSP).  The SOP 
has been modified accordingly. 
 
The text indicates that VOC flux data will be used to assess/identify radon flux locations.  Please 
clarify the intent and/or provide rationale that VOCs and radon in subsurface sources are likely 
to be co-located. 
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Response: As stated above, the reason for co-locating radon and VOC test locations were for 
sampling convenience given that the radon sampling activity was considered a screening-level 
exercise.  New radon test locations will be presented in the FSP for both static and dynamic flux 
chamber testing which are based on the radionuclide data base.  The text has been changed 
accordingly. 
 
Page 4, Item Number 3. –  Please provide further information (including reference citations) 
regarding the role of the “other” flux chamber studies that have been conducted that will be 
“directly” comparable to the data collected. 
 
Response:  
 
1) Case Study in USEPA User’s Guide; Section 4 
2) See list below. 
 
Note that the intent of this comment was to say that flux data collected by the USEPA flux 
chamber technology can be used in a similar fashion to other collected data, and can be used to 
compare site specific data from one site to another, if that meets the needs of the program.  For 
instance, this may be of use in assessing potential remedial options.  The list of references below 
with annotation provides information on a case study basis that may be of interest.  A similar 
comment to this effect has been added to Section 2. 
 
Schmidt, CE, “Evaluating Direct Measurement Approaches Used for Assessing Potential Air 
Pathway Impacts to Occupants in Structures Over Subsurface Sources”, AWMA Symposium on 
Air Quality Measurement Methods and Technology, San Francisco, California, April, 2005. 
This work demonstrates the utility of applying the EPA multi-tiered assessment approach; Tier 
III technologies show that the Tier II assessment using soil gas and predictive modeling 
demonstrated an incomplete pathway. 
 
Stelljes, Mark, CE Schmidt, “Assessing Potential Air Pathway Impacts to Occupants of Future 
Structures in Cold Climates Using Predictive Modeling and Surface Flux Measurements on 
Undeveloped Sites”, AWMA Symposium on Air Quality Measurement Methods and 
Technology, San Francisco, California, April, 2005. 
A case study is presented where an APA was conducted in a cold climate region prior to the 
construction of building on a site with a contaminated groundwater plume. 
 
Leet, R. CE Schmidt, “Case Study- Tier 3 Assessments of Potential Risks to Occupants of an 
Office Building Over a Groundwater Contaminated Plume Via the Indoor Air Pathway,” Paper 
No. 455, Proceedings of the 97th Annual Meeting of the Air and Waste Management Association, 
Indianapolis, Indiana, June, 2004. 
This paper reports the use of Tier III APA data for assessing exposure via soil gas to occupants 
in a structure over a contaminated groundwater plume.  
 
Babyak, A., CE Schmidt, “Using EPA’s Dynamic Flux Chamber to Measure Vapor Flux from 
Subsurface Sources, Dealing with Regulatory Buy-In: Two Case Examples in California,” Paper 
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No. 219, Proceedings of the 97th Annual Meeting of the Air and Waste Management Association, 
Indianapolis, Indiana, June, 2004. 
This paper presents two case studies where an APA was performed to define vapor intrusion 
from gasoline station sites. 
 
Schmidt, CE. A. Babyak, “Comparison of Static Chamber and Dynamic Chamber Technology 
for Assessing Infiltration of Soil Gas into Structures,” Paper No. 277, Proceedings of the 97th 
Annual Meeting of the Air and Waste Management Association, Indianapolis, Indiana, June, 
2004. 
This paper is a technical discussion that compares the utility of static and dynamic flux 
chambers for assessing vapor intrusion. 
 
Kick, R., CE Schmidt, JD McDermott , “Case Study- Assessing Potential Air Pathway Exposure 
to Occupants in Structures Over Groundwater Impacted by Volatile Organic Compounds Using 
Environmental Data Collected on Public and Private Property,” Paper No. 279, Proceedings of 
the 97th Annual Meeting of the Air and Waste Management Association, Indianapolis, Indiana, 
June, 2004. 
This paper describes an APA conducted in a neighborhood over a contaminated groundwater 
plume. 
 
Richter, Rich, Schmidt, C.E., “Assessing Realistic Risk to Indoor Occupants from Subsurface 
VOC Contamination,” Paper No. 69, Air and Waste Management Association Symposium on 
Air Quality Measurement Methods and Technology, San Francisco, California, November 13-15, 
2002. 
This paper is a case study where an APA was performed in order to evaluate the potential health 
risk to residents in a housing complex over gasoline plume in groundwater. 
 
Boehnker, David, John Tiffany, Schmidt, C.E., “Estimating Exposure to Residents With 
Basements Using Measured Surface and Subsurface Flux Data,” Paper No. 67, Air and Waste 
Management Association Symposium on Air Quality Measurement Methods and Technology, 
San Francisco, California, November 13-15, 2002. 
This paper presents an APA was designed and conducted to assess potential impact to occupants 
in structures with basements over a subsurface source, without testing in the structures. 
 
Bejorklund, Brian, Schmidt, C.E., Robin Streeter, “Air Pathway Analysis Characterizing 
Potential Exposure from a Dissolved-Phase Groundwater Plume using Direct Flux 
Measurement,” Paper No. 64, Air and Waste Management Association Symposium on Air 
Quality Measurement Methods and Technology, San Francisco, California, November 13-15, 
2002. 
A case study is presented where an APA is conducted in a neighborhood located over a 
contaminated groundwater plume. 
 
Schmidt, C.E., Teri Copeland, Jim Van de Water, Michael Manning, “Predicting Potential 
Exposure fro the Occupants in Future Buildings Using Direct Measurement and Predictive 
Modeling Techniques,” Paper No. 43141, 95th Annual Meeting of the Air and Waste 
Management Association, Baltimore, MD, June, 2002. 



BMI Common Areas, Clark County, Nevada  Appendix A 
BRC Field Sampling and Standard Operating Procedures August 2007 
   

 A-4-4 FSSOP Revision 2 

This paper presents the work that can be performed for assessing the exposure to occupants’ in 
the future building scenario using APA. 
 
Schmidt, C.E., Jared Rubin, ΑIndoor Infiltration Assessments of VOCs from Contaminated 
Groundwater Using the US EPA Flux Chamber≅, Paper No. 446, 93rd Annual Meeting of the Air 
and Waste Management Association, Salt Lake City, Utah, June, 2000. 
This paper is a case study reporting an APA applied to a regional contaminated groundwater 
plume for exposure assessment purposes. 
 
Schmidt, C.E., et. al., “Comparison of Measured Versus Modeled Surface Flux of VOCs from 
Contaminated Groundwater≅, Paper No. 447, 93rd Annual Meeting of the Air and Waste 
Management Association, Salt Lake City, Utah, June, 2000. 
This paper compares measured to modeled flux rate data for a subsurface source. 
 
Schmidt, C.E., Teri Copeland, Rich Pesin, "Comparison of Measured and Modeled Emissions 
from Subsurface Contamination at an Industrial Site in a Residential Neighborhood", 98-
WPC.01, 91th Annual Meeting of the Air and Waste Management Association, San Diego, 
California, June, 1998. 
This paper compares measured to modeled flux rate data for a subsurface source. 
 
Schmidt, C.E., T.F. Zdeb, "Direct Measurement of Indoor Infiltration Using the US EPA Flux 
Chamber and Dispersion Modeling", 98-TA9C.01, 91th Annual Meeting of the Air and Waste 
Management Association, San Diego, California, June, 1998. 
This paper describes a comprehensive site assessment where the USEPA flux chamber 
technology was used to assess vapor intrusion though a slab. 
 
Schmidt, C.E., A.S. Johnson, "Technical Approach Developed to Assess the Volatilization and 
Migration of Volatile Organic Compounds From Contaminated Ground Water."  Proceedings of 
the 1989 EPA/AWMA Symposium on Measurement of Toxic and Related Air Pollutants, 
Raleigh, North Carolina, May 1989. 
This paper describes the APA approach used to assess the volatilization of compounds from a 
subsurface source. 
 
Johnson, A.S., C.E. Schmidt, R. Vandervort.  "Indoor Air Sampling for Volatile Organic 
Compounds Associated with Environmental Contamination," Proceedings of the Third Annual 
Hazardous Materials Management Conference and Exposition, Anaheim, California, April 1986. 
This paper presents indoor air sampling for the purpose of assessing indoor air exposure from 
subsurface sources. 
 
Section 2, Page 6 –  Calculation of Flux Data 
 
This section should be titled, “Calculation of Flux Rate”.  The text in this section should read as 
follows: “The compound-specific flux rate will be calculated using (1) the laboratory data for 
compound concentration in the flux chamber Summa canister (ug/m3; pCi/m3), the sweep air 
inflow rate (L/min), and the surface areas of the chamber (0.13 m2).  The calculation result gives 
a direct measure of the flux rate of compounds (ug/m2-min) from a given surface. 
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Response: Agreed.  The changes to the text as provided include adding the information for the 
radon calculation for both the static and dynamic flux chamber using the flux unit format as 
requested. 
 
It would be helpful to include any unique calculation parameters for the calculation of radon 
flux. 
 
Response: Agreed, and a calculation for radon has been added.  As far as the laboratory data 
for radon, the analysis of the activated charcoal canisters left over a 24-hour time period is 
reported in pCi/L which is simply 0.001 pCi/m3 (1000 liters in a cubic meter).  We will use the 
radon concentration as reported from the laboratory in the equations provided in the SOP. 
 
Section 2.5 – Calculation of Total Emission Rate 
 
Please edit this section as follows: The emission rate (ug/m3 or pCi/m3) of compounds from a 
land surface area will be… 
 
Response: Agreed.  Changes made to SOP. 
 
Please provide additional information regarding the calculation of radon flux from static chamber 
data.  Also, please provide information as to how dynamic flux chamber data will be used for 
radon. 
 
Response: The calculation of radon flux, for both the static and dynamic chamber testing is 
provided above.  Likewise, the calculation of VOC and radon emissions (flux times surface area) 
is also provided as indicated. 
 
Regarding how the data will be used; the flux data for radon will be used first to identify the 
presence of radon beyond background levels, then secondly, provide input for the evaluation of 
exposure.  Further, the dynamic flux chamber measurement made with a USEPA chamber, taken 
at a colocated location with a static measurement, will be used to develop a correlation between 
the static chamber and dynamic chamber measurement.  It is not known how these measurements 
will compare, given that most radon exposure work is conducted by using the activated charcoal 
samplers in an existing building over a 24-hour exposure time period.  It is possible that both the 
static chamber (screening level by choice of technology) and dynamic chamber radon flux data 
will both show ‘non-detection’ for radon.  As such, the conclusion will be that radon is not a 
concern for the HRA.  If, however, radon is detected, in both the static chamber tests and 
dynamic chamber tests, it is likely that the static chamber concentration data will be used as an 
exposure concentration in a HRA, and the dynamic chamber radon flux data will be used in an 
exposure scenario with a given building intrusion fraction and ventilation rate. 
 
Comments to this effect have been added to the SOP 
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Section 4 – Quality Assurance Objectives 
 
Table 1 – first box:  Please confirm the total number of TO-14 target compounds (2?). 
 
Response: The correct compound number is 12.  This change has been made to the text. 
 
The SOP should clarify which analytical method will be used (TO-14 or TO-15).  The SOP 
provides a list of the TO-15 analytes and method detection limits.  If EPA Method TO-14 is 
used, please list the analytes, method detection limits, and method-specific QA/QC procedures 
(e.g., please explain if TO-15 QA/QC criteria be applied for TO-14 analyses). 
 
Response: Both TO-14 and TO-15 will be used for the program.  The difference has to do with 
sample preparation and operating mode of the detector.  The TO-14 will be used with a sample 
dryer and will be operated in the selective ion mode, and the TO-15 does not use a dryer and will 
be operated in the full scan mode (more species including polar species at higher detection 
limits).  These two analytical methods will achieve the program objectives of scanning for many 
species and providing low detection limits for key species.  Appropriate analytical clarification 
and protocols have been added to the SOP. 
 
Table 2 -Measurement Quality Objectives.  The precision value is +-30% (also found in the table 
in Attachment 3), yet the text in Section 4.1 says <50% RPD and Attachment 4 contains a Table 
that uses the <50% value.  These are inconsistent and should be clarified.  Also, it is unclear 
what is meant by Field Quality Control in Attachment 4 when the table deals with results 
obtained in the laboratory. 
 
Response: The total inaccuracy and total imprecision for the testing is additive; analytical and 
field sampling.  We assess analytical precision and accuracy is determined from laboratory QC- 
from standards in the laboratory (lab duplicate analysis and spike recovery) and these limits are 
+30%.  The total inaccuracy and imprecision are determined from field QC- field spikes (if part 
of the program) and field replicate samples.  The criteria for total (field and lab) accuracy and 
precision is +50%.  Some clarification has been added to the SOP.  Note that a table of lab QC 
specifications has also been added to the text. 
 
Page 9 – First paragraph after the bullets.  Reference is made to “offsite” analysis.  Please clarify 
why offsite data will be subjected to a different analytical reporting level than onsite data. 
 
Response: Onsite data have different QC criteria and reporting levels than off site data.  The 
field data are for screening level analysis collected by crude (by comparison) analytical 
techniques were the offsite analysis is as ‘good as it gets’.  The quantitative data are the offsite 
analytical data. 
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Section 4.3 – Representativeness 
 
A key component of representativeness for HRA is documentation of adequate spatial coverage 
for exposure assessment.  Considerations include source information, area-specific results, and 
future human receptor location information.  No mention is made of this aspect of 
representativeness.  Please clarify. 
 
Response: Correct.  The representativeness of these data can only be assessed after the data are 
collected and evaluated.  For most SOPs, the discussion of representativenss of the data refers to 
each point where data are collected and not the overall representativeness of the data.  It is 
possible that the highest VOC and radon flux be selected for the HRA as ‘representative’ 
meaning that some expectation of high values, say 90% C.L. has been achieved.  There is 
probably no value in generating a representative ‘average’ per area tested given that the highest 
value makes the most sense as input to the HRA.  However, as stated in the SOP, these data will 
be evaluated and follow-on data will be collected to meet the data objectives of the program.  
The FSP will address data representatives in comparison of the project objectives. 
 
Section 5.1 –  Static Chamber Technique for Radon 
 
Page 12 – Please insert text as follows: “For this study, assessment of radon gas will be 
performed using both the USEPA recommended emission flux chamber and a static chamber 
method, however….” 
 
Response: Agreed.  Change made to the SOP. 
 
Page 12 – Please provide the citation for the USEPA static headspace chamber. 
 
Response: Citation provided below.  Note that USEPA recommends this approach for screening-
level analysis; they provide several options for static chamber flux testing.  

 
1. USEPA. Office of Air Quality Planning and Standards, Air Superfund National Technical 
Guidance Study Series, Volume 2: Estimation of Baseline Air Emissions at Superfund Sites; 
Interim Final, EPA-450/1-89/002, 1989, pp.60-63.  

 
Page 12 – Please provide the conversion factors for 0.1 pCi/L radon = surface flux of 100 
pCi/m2-min.  Also, please note that, for flux units, when “minute” [min] is in the denominator, 
the “ -1  ” should not be included. 
 
Response: Note that there was an error in the text.  The calculation is as follows: 
(0.1 pCi/L)(1000 L/m3) or 100 pCi/m3 concentration in the flux chamber, resulting in a radon 
flux of: (100 pCi/m3)(0.019 m2)/(1,440 minutes)(0.067 m2) = 0.020 pCi/m2-min.  The change has 
been made in the SOP. 
(Note that the ‘flux unit’ has historically been written as ug/m2,min-1 to avoid confusion, and 
ug/m2-min is certainly acceptable.) 
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Section 5.2 – Surface Emission Isolation Flux Chamber Sampling 
 
Page 12 – Please make the following edit:  “Isolation emission flux chamber sampling is a 
dynamic direct measurement. 
 
Response: Agreed.  Change made to the SOP. 
 
Page 14, first full paragraph, second sentence.  Please make the following edit:  “The sweep air is 
added at a flow…  Also, please provide additional detail regarding “the TVA-1000”. 
 
Response: Agreed.  Change has been made to the SOP. 
 
The TVA-1000 is a real time hydrocarbon analyzer that measures the total organic content by 
flame ionization detection (FID) and photoionization detection (PID).  The FID sees all carbon 
containing compounds including methane to some response level and generally results in the 
higher accounting of ‘total hydrocarbon’ concentration.  The PID responds to compounds that 
have ionization potentials less than the detector lamp and can be used to define a subset of 
hydrocarbon compounds such as aromatic compounds, chlorinated compounds, and compounds 
with unsaturated carbon-carbon bonds.  Comparing FID or ‘total’ hydrocarbon response to PID 
or ‘ionizable’ hydrocarbon response has utility in understanding similarity in field test data from 
test location to test location. 
 
Section 5.3 – Sampling for VOCs/Radon in the Flux Chamber 
 
Page 15, 3rd full paragraph.  Please provide additional information regarding the criteria for 
when TO-14 SIM analysis will be conducted. 
 
Response: The criteria for selection and those locations selected for analysis by TO-14 (SIM) 
and TO-15 full scan will be identified in the FSP.  An additional comment to this effect was 
added to the SOP. 
 
Page 16.  Please provide additional information regarding the use of radon data from dynamic 
chambers. 
 
Response: Addressed in prior comments. 
 
Section 8.3 – Data Validation 
 
This section describes the general approach for data validation; however, it does not describe (or 
reference) the guidelines that will be used to determine when data should be flagged.  For 
example, will data be flagged if the holding times are exceeded?  The SOP should be more 
specific as to how the data will be qualified for the items that will be reviewed (e.g., what 
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guidance will be used).  One option is to state that qualification would generally follow the EPA 
National Functional Guidelines, even though these are not specifically written for air methods. 
 
Response: Agreed.  The data validation process is one where the USEPA National Functional 
Guidelines will be followed as applied systematically to the APA data set.  The following data 
qualifiers may be used, depending on the data set: 
B- compound found in the laboratory or method blank sample 
U- compound reported at less that method detection limit 
J- compound reported at above method detection limit but below reporting limit 
E- compound exceeded instrument calibration range 
 
These data qualifiers have been added to Section 8.3 of the SOP. 
 
Section 8.4 – Reporting 
 
Page 22.  Please add the following to the list of bullets: 
 
• Non-detect results will be recorded as “< [reporting limit]”. 
 
Response: Agreed.  The addition has been made to the SOP. 
 
Note that a more useful approach is to flag data as ‘U’ (written after the method detection limit 
number in a separate column in the data table) for non-detect, ‘J’ for data reported between 
method detection limit and reporting limit, and ‘no flag’ for data reported above reporting limit.  
This would provide for a complete reporting and qualifying scheme.  Data below reporting limit 
are useful but may not be selected for use quantitatively.   
 
Note that additional data qualification may be useful, including criteria that include the flux 
chamber system blank data and background data, if appropriate. 
 
Section 9.0  – Analytical Procedures and Calibration 
 
Please provide detail regarding the specific data reported by the lab and whether or not additional 
calculations are made (for VOCs and/or radon) for reporting flux rate. 
 
Response: The laboratory reports the VOC data in ppbv and ug/m3, and the radon laboratory 
reports data in pCi/L.  Our data reporting will calculate flux with spread sheet calculations 
footnoted per sheet. 
 
This comment has been added to Section 9.0 of the SOP. 
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Section 9.3.2 – USEPA Method TO-14  
 
Page 26.  Please provide rationale for the proposed TO-14 SIM analytes.  The target TO-14 SIM 
analytes should represent the most toxic (i.e., requiring the lowest reporting limits) site-related 
VOCs.  In general, non-carcinogens will not require SIM analysis. 
 
Response: The TO-14 target list is a project list of compounds selected for low level detection 
for a variety of reasons, including abundance in groundwater and toxicity.  BRC is open to 
suggestion regarding the proposed TO-14 SIM or low level analysis list.  Note that MDLs have 
been revised and reporting limits added to the SOP.  
 
Section 9.4 – USEPA Recommended Method for Measuring Radon Gas in Air with Charcoal 
Canisters 
 
Page 27.  Please provide a description of the AC canister and a full citation for USEPA, April, 
2001. 
 
Response: Further description has been added to the text, however, there isn’t much to add.  The 
small, cylindrical activated canister is simply opened and suspended inside the test chamber.  
After the sampling or exposure time period, the canister is resealed and shipped to the 
laboratory.  As far as the protocol, the citation for the protocol, the USEPA Guidance is found 
on the USEPA web site.  We can include a hard copy of the document, along with an updated 
version, which has not changed for charcoal canister sampling.  Additional information has been 
added to the SOP. 
 
Section 10 – Internal Quality Control and Attachment 3 
 
Please clarify that USEPA Method TO-15 quality control criteria will be met. 
 
Response: Agreed.  A comment has been added to the text. 
 
Section 12 – Preventative Maintenance Procedures 
 
Page 32.  The only field equipment discussed is the rotometer.   Are preventative maintenance 
procedures relevant to the flux chamber and other associated equipment? 
 
Response: Correct; the only preventative maintenance relevant to flux chamber testing is the 
rotometer device.  The balance of the equipment, provided it meets USEPA specifications at the 
time of testing, require no preventative maintenance other than method cleaning procedures. 
 
Section 16 – References 
 
Page 38.  Please include in this section full references for the following citations:  
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Dixon, W.J., 1953. 
W.J. Dixon, “Processing Data for Outliers,” Biometrics, 1953, Vol. 9, No. 1, pp. 74-89 
 
USEPA, 1986.  Measurement of Gaseous Emission Rates From Land Surfaces Using an 
Emission Isolation Flux Chamber, Users Guide.   EPA Environmental Monitoring Systems 
Laboratory, Las Vegas, Nevada, EPA Contract No. 68-02-3889, Radian Corporation, February. 
(available as pdf file on the web site www.ceschmidt.com) 
 
USEPA, 1986.  Validation of Flux Chamber Emission Measurements on a Soil Surface.  Draft 
Report.  Prepared for: Shelly J. Williamson, USEPA, Environmental Monitoring Systems 
Laboratory, Exposure Assessment Division, Las Vegas, Nevada.  Prepared by Radian 
Corporation, June 19. (not cited in the SOP). 
 
USEPA, 1997.  Compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air, 2nd Ed.  Compendium Method TO-15, Determination of Volatile Organic 
Compounds (VOCs) in Ambient Air Collected in Specially Prepared Canisters with Subsequent 
Analysis by Gas Chromoatography/Mass Spectrometry.  Center for Environmental Research 
Information, Office of Research and Development, January. 
 
USEPA, 1999.  Compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air, 2nd Ed.  Compendium Method TO-14A, Determination of Volatile Organic 
Compounds (VOCs) in Ambient Air Using Specially Prepared Canisters with Subsequent 
Analysis by Gas Chromatography.  Center for Environmental Research Information, Office of 
Research and Development, January. 
 
USEPA Office of Air and Radiation (6604J)guidance document titled “Indoor Radon and Radon Decay 
Product Measurement Device Protocols’ dated August, EPA 402-R-92-004,  July 1992 revised, 
(www.epa.gov/radon/pubs/devprot1.html).   
 
USEPA. Office of Air Quality Planning and Standards, Air Superfund National Technical 
Guidance Study Series, Volume 2: Estimation of Baseline Air Emissions at Superfund Sites; 
Interim Final, EPA-450/1-89/002, 1989.   
 
Response: The full references are now in Section 16 in the SOP. 
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Appendix A-5 
 

Response to NDEP Comments on SOP-40 Data Review/Validation 
dated July 16, 2007 

 
1. General comment regarding “Disclaimer”, BRC states ““BRC CONTRACTORS RESERVE 

THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE 
GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO 
MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS SITE 
CONDITIONS, OR JOB REQUIREMENTS.”  BRC should take note that the Guidance for 
Data Usability in Risk Assessment (EPA, 1992) states that “Knowledge that SOPs were 
developed and followed increases confidence that the quality of the data can be determined, 
and the level of certainty in risk assessment can be established.” (Emphasis added) BRC is 
required to explain and document deviations from the SOPs. 

 
Response: The sentence, “ANY DEVIATIONS FROM THE STANDARD OPERATING 
PROCEDURES SHALL BE DOCUMENTED IN THE DATA VALIDATION REPORT IN 
THE APPROPRIATE QUALITY CONTROL SECTION” has been added to the disclaimer. 
 
2. Section 1.0, please explain if the radiochemistry data be validated using any guidance that 

can be cited in this section. 
 
Response: Radiochemical data will be validated using “Evaluation of Radiochemical Data 
Usability, U.S. Department of Energy, ES/ER/MS-5, April, 1995.”  This reference has been 
added to Section 1.0. 
 
3. Table 3, consider adding the “Z” qualifier that is discussed in 3.0, page 5, to this table. 
 
Response: The “Z” qualifier has been added to the project-specific validation qualifier section of 
the table in Section 3. 
 
4. Section 4.0, the NDEP has the following comments: 

a. This section should address broken Chain-of-Custody (COC) issues.   
 
Response: A discussion of chain of custody issues has been added to Section 4. 
 

b. Holding times are not discussed in this section of the SOP but are included in Table 5.  
Consider adding some text in this section that discusses how holding times will be 
validated. 

 
Response: The Functional Guidelines are referenced in Section 4.2 for holding time exceedances.  
A discussion on the evaluation of holding times and the appropriate action for qualifying the 
samples based on holding time exceedances has been added to Section 4.2 
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c. Section 4.1.  The criterion for rejection volatiles that are ≥20 ºC is somewhat arbitrary.  

Professional judgment should be used.  For example, if the samples were collected and 
shipped overnight, there should have been sufficient time to reach the 4±ºC criterion.  
Non-detect volatile results for samples found above approximately 10 ºC should be 
considered for rejection.   

 
Response: It should be noted that historical data validation summary reports that have been 
approved by NDEP have not rejected data that were at 13 ºC.  Therefore, to maintain project 
consistency, BRC proposes that the criterion be adjusted to 15 ºC. This is also consistent with 
internal Laboratory Data Consultants (LDC) policy. In addition, text has also been added to 
Section 1.0 to note that data review/validation for the BMI Common Areas project will be 
directed by a qualified project chemist who will use professional judgment in all aspects of the 
data review/validation process. 
 

d. Section 4.2.  This section (and Table 5) should also include the steps for validating and 
qualifying calibration data where a Relative Response Factor (RRF) and model linearity 
(e.g. calibration coefficient) are part of the calibration steps.   

 
Response: The Functional Guidelines are referenced in Section 4.2 for calibration exceedances.  
The Functional Guidelines include evaluation of relative response factors and action to take to 
qualify the data based on RRF exceedances.  Since the Functional Guidelines will be followed for 
RRF qualification, RRF information was not added to the table.  The sentence in the table, 
“Please see the appropriate National Functional Guidelines for individual criteria” has been 
revised to read, “Please see the appropriate National Functional Guidelines for individual 
criteria.  The RRF and linearity criteria in the Functional Guidelines shall be followed.” 
 

e. Section 4.3, Table 5, and Blanks in General.  Validation and qualification of samples 
associated with blanks that contain contaminants should include professional judgment 
for both organic and inorganic analytes.  The 5X or 10X rules should not be used blindly.  
Table 5 includes a number of cases where the samples will be censored (qualified with a 
“U”) based on blank contamination.  While this may be appropriate in the majority of 
cases, there are times where censoring data results in lost information that can be 
important in decision making.  For example, in cases where the analyte raw concentration 
is greater than the raw blank concentration, but less than 5 or 10X, and the analyte is near 
or above an important action level (e.g. the USEPA Region IX PRG or the USEPA 
MCL), professional judgment should be used to determine the best qualifier.  The use of 
professional judgment should be an option for all censoring cases included in Table 5. 

   
Response: BRC understands that the use of professional judgment applies to all parameters of 
evaluation included in the Functional Guidelines, including qualifying data based on blank 
contamination. As noted above, text has been added to Section 1.0 to note that data 
review/validation for the BMI Common Areas project will be directed by a qualified project 
chemist who will use professional judgment in all aspects of the data review/validation process. 
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5. Sections 5.1 and 5.2, and Table 5.  Sections 5.1 and 5.2 discuss the difference between Data 

Review and Data Validation; however the title to Table 5 is Data Review.  This would imply 
these rules are only to be used with Data Review.  Clarify the use of Data Review in Table 5 
(including note 1).  Are these to be applied to both Data Review and Data Validation 
activities? 

 
Response: Table 5 has been modified to make clear what parameters refer to data review and 
what parameters refer to data validation. 
 
6. Notes to Table 5.  Considering adding an overall data-review/validation qualifier in cases 

where both a J+ and a J- are encountered for a data point. 
 
Response: BRC believes that the qualification of a sample indicating both a high bias and a low 
bias is not technically meaningful.  QC results may indicate a high bias based on one QC outlier 
and a low bias or undetermined bias based on another QC outlier.  The direction of the bias on 
the associated sample result cannot be determined. BRC suggests qualification in such sample 
results as a “J” without a bias indicator. 
 
7. Library.  The SOP uses the term “Library”, apparently in place of “Laboratory” throughout 

the document. 
 
Response: The document has been revised to remove the term “library” and to make each 
reference appropriately reflect the Functional Guidelines and the SOP. 
 
8. Table 5.  The table should clarify that the J-TDS, J-CAB, and J-TDS & CAB qualifiers 

should be applied to all applicable ions and TDS (where appropriate). 
 
Response: The text in Section 5.1 has been revised to specify that these qualifiers will be applied 
to applicable ions and TDS where appropriate. 
 
 




