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INTRODUCTION

Ventilation stacks in the ‘H’ and ‘F’ area tank farms are equipped with air
samplers or Continuous Air Monitors (CAMs) which are used to detect and
document the quantity of radioactive particulate which could potentially be
released to the atmosphere. In addition to their regulatory role, air samplers
and CAMs are used to assure that the stack HEPAs (particle eliminators) are
operating in a satisfactory manner. The samplers draw a nominal 3 cfm air
sample from the stack and cause the sample to pass through a 3" diameter 1
micron porosity filter paper. Filter papers are collected and measured for
radioactive buildup at least once per week. CAM type samplers include a
radiation detector which initiates an alarm in the event high radiation is
detected. In an effort to correct the numerous sample system deficiencies
which have been identified, four CAM/air sampler projects have been
initiated. The attached document provides design guidance for the standardized
High Level Waste air sampling system.

SUMMARY

About 128 air samplers and CAMs presently in service to detect and document
potential radioactive release from ‘H' and ‘F' area tank farm ventilation stacks
are scheduled for replacement and/or upgrade by Projects S-5764, S-2081, S-
3603, and S-4516. The seven CAMs scheduled to be upgraded by Project S-4516
during 1995 are expected to provide valuable experience for the three
remaining projects. The attached document provides design guidance for the
standardized High Level Waste air sampling system.

DISCUSSION

Air sampler and CAM design is intended to be as simple as possible while
adhering to the spirit and letter of applicable Federal regulations. Systems will
use manual readout and manual adjustment to achieve isokinetic sampling.
Equipment and instrumentation will be chosen for low maintenance, low
sophistication, and long life expectancy. A new sample box has been developed
which should eliminate many problems associated with the existing systems.
The new box is scheduled to begin evaluation by the Texas A&M Aerosol testing
lab during June 1994,

The attachment is intended for use as a design guide for HLW CAM/sampler
new designs. Deviation from these guides is permitted provided Design
Authority personne! approve the alternative. It is the long term goal to
present this TR to the site NESHAPS committee for incorporation into a site
standard.

ACTIONS

none
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Scope .
Regulatory Requirements

This guide is provided for the purpose of
standardized engineering application of DOE
directives at SRS, and does not create new DOE
policy.

Purpose

Continuous Air Monitors [CAM] and
unmonitored air samplers are used to collect and
detect radioactive particles released through the
waste storage ventilation stacks.

This document is intended to provide guidance for
the detailed design of High Level Waste CAMs
and non continuously monitored air samplers.

Summary

Detailed guidance is provided for the design of
High Level Waste emission point stack air
samplers and Continuous Air Monitors [CAMs]

Current Siatus

About 50 of the High Level Waste emission
points are equipped with unmonitored air
samplers. These devices are composed of a sample
pump which draws a pominal 3 cfm air sample
from the exhaust duct to a sample box containing
a 76 mm diameter filter paper through which the
sample air is drawn.

The filter papers are collected and measured for
radioactive buildup at least once per week; the
analysis of radioactive particles coll>cted becomes
record data.

The remaining = 78 emission points are equipped
with Constant Air Monitors (CAMs). Like the
unmonitored samplers, CAMs are composed of a
sample pump which draws a nominal 3 c¢fm air
sample from the exhaust duct to a sample box
containing a 76 mm filter paper through which
the sample air is drawn. The filter papers are
collected and measured for radioactive buildup at
least once per week; the analysis of radioactive
particles collected becomes record data. In
addition, the filter paper is continuously
monitored for radioactivity via radiation detector.
CAMs are equipped with control room activity
and loss of flow alarms.

The design specified by this guide is in
accordance with ANSI N13.1 and associated
appendixes, DOE Regulatory Guide DOE/EH-
0173T which incorporates and expands on
requirements embodied in DOE 5400.5 and DOE
5400.1., ANSI N42.17-1989; and 10 CFR 60

High Level Waste Positi

‘Best management practice’ and ALARA design
principles suggest that High Level Waste air
emissions which originate from radioactive waste
storage facilities require continuous proportional
sampling {category II] or continuous monitoring
[category I] contingent with their risk.

In addition to their regulatory role; Air samplers
and CAMs are used to assure that the HEPA
filters are operating in a satisfactory manner. Past
HEPA failures have allowed contamination of the
areas surrounding their associated stacks. Early
HEPA failure detection minimizes
contamination, clean up cost, and personnel
exposure.

Based on historical data the actual emissions from
High Level Waste emission stacks has contributed
a calculated maximum dose to the public of less
than 0.01 mrem/yr.; however, the sampling
equipment from which the historical data was
accumulated does not meet current standards.

Isokinetic Operat

High Level Waste air samplers and CAMs should
be designed to sample isokinetically by
appropriate sizing of the sample nozzle diameter,
and manual adjustment of the sample flow rate via
the manual sample flow control valve (Figure 1).

Each unit should be equipped with an “operator
guide” which indicates the correct sample rate
‘rolameter’ setting versus stack velocity ‘gage’
reading, and an “operator guide” which indicates
the correct vacuum gage reading versus ‘rotameter’
reading. Systems should be designed to operate
around a nominal 3 c¢fm sample flow rate.
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Design Highlights Function page _

Low vacuum results from isokinetic systam design| 11-13
minimizes significance of inleakage

Size sample nozzle for isokinetic at 3 cfm sample | reduce operator error by not requiring | 4-6

flow. different setting for each sampler

0 to 30" wc vacuum gage Maximize gage sensitivity to vacuum| 15
change and ease of operator readout

Sample flow Rotameter should be chosen to| Maximize gage sensitivity to flow change | 13

provide readout to within 0.1 cftn. and ease of operator readout.

Dynamic ‘working vacuum’ at 3 cfm confirmation | Eliminates valve manipulation and| 13

useful during daily inspection of early detection of
gross flow and/or in-leakage problems.

Static vacuum in-leakage test favored for periodic
monthly or annual confirmation.

potential equipment damage due to high
vacuum.

Heat CAM enclosure and CAM sample lines

Eliminate condensation inside the sample | 7
system

Typical vacuum & flow illustrated 11,16
Pump characteristic curve at 852 rom 18
Static leak test-dynamic leak test 13
Interlocks no interlocks required by standard design 15
Alarms Describes control room alarms 14
Standard Operation
« Install new filter paper « Confirm from “operator guide” that vacuum is
¢ Close and seal drawer in the expected range for the sample flow.
* Record stack flow « Confirm that vacuum gage high and low alarm

» Adjust ‘sample flow control valve’ to set correct
flow on ‘rotameter’ as determined from stack
flow and the “‘operator guide”.

points are set to operate at + 0.5" water column
(wc).
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stack heated & insulated cabir:t7
GM probe
1" ball valve if CAM _f"'\ union
(part of nozzle) ;
welded input :
coupler discharge one inch
5/8 SS tube — { SS tubing ELQO? X L otameter
. ) —@ $ample box 3 c¢fm nomjinal
~ reads to W
h \ 0.1 cfm
velocity \ heat trace
gage . sample nozzle and insulation 5/8" flex
</' sized for 5/8 " tube leak te
. Nvelocity isokinetic valve
Vac gage " ot
. 1/4" tubing
sized for system w/1/4" i \
ball valves a
sample flow
control
valve

N

2
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_9 <4—— from tank purge

purge blower
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* Single sample nozzle

* One stack mounted velocity probe and readout
gage

*» One velocity test port.

+ One inch SS tubing sample line insulated and
heat traced to prevent condensation

¢ Leak test ball valve (1"] in sample input line
[leak specification <.01 c¢fm @ 15" wc]

* ‘Leak test valve’ in vacuum supply line [suggest
5/8" ball valve with leak specification <.01 cfm
@ 15" wc] Figure 1

* Enclosure insulated and/or heated to prevent
condensation in sample box

+ Raintight enclosure with single handle door to
contain:

» sample box

« leak test discharge valve

« sample flow control valve

+ sample pump

 sample rotameter

» Provide means to facilitate annual

verification of rotameter accuracy*

+ Photocapsulhelic vacuum gage 0 to 30
inch wc [desirable for gage range to be
0.5" greater than working vacuum]

» Vacuum tight SS tube fittings [leak
specification <.03 cfm @ 30" wc])

* One possible method providing such a test
arrangement is the addition of two
additional valve on either side of the leak
test valve (Figure 1). Recommend
consultation with HP tech.

Sample nozzle design

Single probe designed per ANSI N13.1 &
DOE/EH--0173T Section 3.5.3.

Probe nozzles constructed of seamless
stainless-steel tubing with a 30° tapered
outside edge to preserve a constant internal
diameter. Changes in flow direction via
bends having a curvature radius of at least §
tube diameters.

Nozzle ID sized to provide isokinetic*
sample velocity with a nominal sample
rate of 3 cfm.

*Isokinetic - A condition which
prevails when the velocity of air
entering a sampling probe or the
collector when held in the airstream is
identical to the velocity of the
airstream being sampled at that point.
{ from ANSIN 13.1-1969 ]

Probe size calculations should be made
assuming average expected stack
airstream velocity. Tank farm data
indicates that tank farm stack discharge
rates remain constant to within *
10%.

Sample nozzie [proposed] ID = 0.495" (the ID of
5/8 SS tubing). See Figure 3 for standard ANSI
N13.1 design.

Isokinetic condition exists when the velocity of
the sample air entering the nozzle is equal to the
average velocity of the air traveling up the stack.
EXAMPLE

Tank purge

342 cfm stack flow up a 6" ID stack would result
in a stack velocity of 1744 fpm

(342 cfm/0.1962 square feet = 1744 fpm)

Nozzle area = .0013364 square feet

A flowrate of 2.33 cfm is determined by
multiplying the nozzle area and the stack velocity
0013364 x 1744 = 2.33 cfm

In order to maintain the sample flow rate between
2 and 4 cfm;

Nozzles should be constructed using 5/8" tubing
for stack flow rates between 300 and 500 cfm

3/4" wbing for stack flow rates of less than 300
cfm, and

1/2" wbing for stack flow rates of greater than
500 cfm

Sample nozzle and location (Per DOE/EH--
0173T, Section 3.5.2)

Install a single nozzle at a point of average stack
velocity and uniform flow. Preferable nozzle
location is in the vertical Section of the stack at
least 8 stack diameters downstream and 2 stack
diameters upstream from major flow disturbance.
In no case should nozzle be located less than 2
stack diameters downstream and 0.5 stack
diameters upstream from a flow disturbance
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Figure 2 illustrates sample flow rates needed to establish isokinetic sampling for various nozzles versus

stack flow rates

"iso sample nozzle study"”

5 -
1 / 495" ID
4

e 5/8
/ —_— 12

402" ID —— 3/4

;- /

—

e RN R e sy
400 500 600 700 800

stack cfm

Y T T
100 200 300

Data for 6 inch diameter stacks such as those installed on the type 3A purge systems

Figure 2
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centerline of
exhaust stac?c
welded
connection

e e - - - -

swagelock

connection
] E
\ [ -
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\ !
. H
[} ) P )]
\ | FOV—
|}
\ 1" SS tubing
N W
\ \
L}
: 2.5inch
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: radius
N taper to knife
\ <+ edge per detail
\
\
1)
495"
e ——
stack t‘Iw
30° angle
Knife edge detail for
5/8 " tubing

*  Figure 3
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Stack velocity
(Per DOE/EH--0173T, Section 3.5.1)

A stack flow velocity indicator is required in order
for the operator to determine that sample rates are
properly set for isokinetic sampling. A velocity
probe should be installed on the stack to provide
manual readout of average stack velocity. and the
velocity profile using EPA method 2. Following
that determination install a permanent local
readout device such as an annubar or pitot tube to
permit weekly verification as to the percent of
stack flow change. The flow velocity
measurement devices must be verifiable to + 10
% accuracy NIST.

One velocity test port in the stack designed to
temporarily install a NIST traceable device with
which to calibrate/verify accuracy of the
permanent velocity probe.

Sample-transport lines (Per DOE/EH--0173T,
Section 3.5.4)

The sample line connecting the nozzle to the
sampler/monitor box is to be one inch stainless-
steel tubing. The run should be as short as
possible. Changes in direction should be
minimized and be made with radii of curvatures
greater than 5 inches.

The shutoff ball valve installed at the sample
nozzle is used to facilitate leak testing of the
system. The full port ball valve should use a
welded connection to the sample nozzle and a
swagelock connection to the one inch SS tubing.
(Figure 3) In ieakage at the tubing connection
will be detected during leak testing.

The shutoff valve installed on the outlet side of
the rotameter should be a 5/8 ball valve with
swagelock fittings.

B {4 | insulati
In order to prevent condensation on the inside
walls of the sample tubing and the samgle box,
surfaces should be held at a temperature above the
sample air temperature. Stack air temperature are
about 100°F.

Sample collection/monitor box (Per DOE/EH--
0173T, Section 3.5.7)

Location should be chosen to:

Optimize sample line design for minimum bends,
minimum length, downhill slope, minimum
condensation.

Promote ease of inspection by the Radcon
inspector or other approved operator

Design
The new EG&G EL-900-PFD sample box has
been tested and evaluated by HLWE and SRTC.

The EL-900-PFD meets all of the following
sample box development program goals. [est. cost
$1000 each in quantity]

1) Sample is collected on (standard) 76 mm dia.
filter paper

2) Filter paper is supported on a horizontal
sintered metal filter paper holder [stage]
designed to minimize Radon buildup and
reduce difficulties of filter paper removal.

3) Filter paper stage in a drawer assembly to
maximize ease of filter paper change, or
probing.

4) Measurement chamber to be free of zero flow
voids. (i.e.) all particles must be trapped on
the filter paper.

5) GM detector if used is fixed at 1/2" above the
filter paper. If unit is a sampler only; a blank
is installed in place of the GM detector.

6) GM detector LND 7185 (or equal) is a
waterproof 2" dia pancake probe installed in a
cylindrical mechanical housing and
electronically equivalent to tube type LND
7311 [phone 516 678 6141]. The detector
must be ordered separately for use with sample
boxes which are to become CAMs.

7) Extended GM probe life due to fact that filter
paper change out does not require probe
movement

8) Vacuum on the stack side of the filter paper
{measurement chamber] to be used in lieu of
flow alarm.

9)‘Working vacuum’ of the measurement chamber
to be about 3.0" water column with no more
than 0.03 cfm inleakage. Vacuum
measurement will be taken via the sample line
vacuum tap.

10) One inch ID air sample inlet into box.

11) Five eighths inch vacuum connection outlet

from box.
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vacuum gage
GM tube
1" swagelock paper
connector 7 sample plenum
— sintered stage

—’\% 'O’ rings

sample inlet "————

from nozzle
L1 -~ cams lift vacuum plenum
vacuum plenum
swagsiock
vaCUUm coanection 58 flex .
Figure 4 -
Illustrations of Prototype Sampler box [EG&G1

+ CCW operation of the handle shown on the right hand in Figure 4 lowers the filter paper‘s sintered metal
stage and the vacuum plenum by 1/4 inch. When lowered, the vacuum seal is broken and the brass drawer
holding the sintered metal stage and filter paper may be opened to provide access to the paper.
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e 13— PBOTOTYPE SAMPLER PLAN VEW

AM

drawer closed for sampling

f drawer opan for replacemant of filter paper
o \
collection T rominel
m \

b § 1 '
drawer [ iy t
support brackets /q Q P
suction I 48
T msSabe — wesing handie -
suction connection 3 radus TRi75x 1

{shown open)

ELEVATION
Figur

The EL900 sampler can be oriented with the sample inlet to the right or left hand with the sample paper
drawer opening towards the Radcon inspector. If rear entry sample inlet is chosen the sample paper drawer
can be installed to open to the right or the left hand of the inspector.

-
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: o Rotameter

accomodate

1/2" vertical

movement 45-
g ~ 18" long
g 5/8 flex
7z |
? | y
g
a ~ T GM tube cable
1" inlet

FRONT VEW tabs welded | = 10"
to vacuum
plenum
\G e - __.T.._

r % ) PISIILIS SIS SIS
— \

SIDE VIEW

Figure 6

+ Support tabs welded to the 4 1/2 " diameter inlet plenum shown cross hatched in Figures 5 &6
» The 90° connection at the bottom of the suction connection can be oriented in any direction.



CAM & AIR SAMPLERS | DOCUMENT NUMBER WSRC-TR-94-0236
Design Detail typical (U)

6/14/94 | REVISION 0

Author: T. D. Phillips; HLWE, PAGE 11 OF 21

703H, [7 8081]

Test system vacuum

The optimum Sample System design should maximize particulate transport efficiency. For the 3 cfm Waste

Management sample rate we have assumed the use of one inch stainless steel tubing (0.83" ID). Particle

deposition and transport efficiency tests using the material illustrated by figure 7 are scheduled at the Texas

A&M aeroso! testing laboratory during the third quarter 1994. Results of WSRC testing on the illustrated

sample system follow. The sample line tested was a 10 foot long 1" stainless steel tube containing two 5"

radius sweeps. The isokinetic nozzle was 0.5" ID with a 2.5" radius sweep per figures 2 & 3.

Conclusions:

« The proposed system will result in a sample vacuum near atmospheric pressure [0 to 0.5" wc] at a flow of
3 cfm.

+ Pressure drop across the filter paper is 16" wc at 3 cfm (see also figure 11)

« Pressure drop across the 100 micron porosity sintered metal stage is less than 0.1 wc at 3 cfm

« Pressure drop across the rotameter is 7" wc at 3 cfm

» Pressure drop due to the 10 feet of 1" tubing was 0.15" wc at 3 cfm

» Pressure drop across the 0.5" ID nozzle was 0.3" wc
(note that the figure 7 test was run with the nozzle intake at atmospheric pressure. The pressure in an
actual 1700 fpm exhaust duct is predicted to be about + 0.5 " wc. Installation of the nozzle in an actual
exhaust duct is expected to cause the vacuum at test point 3 to approximate 0 " wc)

6“

|4 18 >|< »l
1" SS tubing 0.83ID \
5" radius sweep

0.5" ID copper tube

H
s

with 2.5" radius sweep
flow control valve

5" radius sweep

@0 Po N\

A

L.] \ '4 18"
@ \ * EL900 sample box
@ ' sample flow rotameter

Figur

simulates ANSI sample nozzle
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Test 1 conditions:

+ sample nozzle in place

» 100 micron sintered metal stage in place

« filter paper in place
Vacuum i Vacuum 2 Vacuum 3 sample flow cfm
inches water inches water inches water
15 11 0.25 2
23 16.5 0.45 3
35 23.5 0.75 4
41 26.5 0.85 4.4
* No sample nozzle (open 1" tubing)
+ 100 micron sintered metal stage in place
» filter paper in place
Vacuum 1 Vacuum 2 Vacuum 3 sample flow cfm
inches water inches water inches water
23 16 0.15 3
35 23 0.25 4
Test 3 Jitions:
* sample nozzle in place
* 100 micron sintered metal stage in place
* No filter paper
Vacuum 1 Vacuum 2 Vacuum 3 sampie flow cfm
inches water inches water inches water
15 6.5 0.47 3
« sample nozzle in place
* No 100 micron sintered metal stage
* No filter paper
Vacuum 1 Vacuum 2 Vacuum 3 sample flow cfm
inches water inches water inches water
15 6 0.48 3

Potential in-leakage will take place on the suction side of the monitor from the filter paper to the inlet
(bottom) of the rotameter. During normal operation any other breaches in the sample line will be
insignificant.

In-leakage into the sample system upstream of the filter paper should be insignificant because the vacuum
upstream of the filter paper will be close to atmospheric pressure per the figure 7 test data.

In order 1o assure that in-leakage does not exceed 1% of the sample flow (0.03 cfm) the system can be tested
via a static leak test. A static leak test is performed by creating a static vacuum within the sample system
and measuring the time required for the vacuum to bleed down. The test vacuum should approximately equal
the normal working vacuum at test point 2 (figure 7).
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Static Leak Test
Inlet and outlet valves are required to permit static lcak testing as a measure of sample box in-leakage.

The air in-leakage into an air sampling system can be quantified by closing the system, establishing a
known vacuum, and timing the vacuum decay. The internal volume of a typical air sampling system will
be 0.3 cubic foot or less. Connecting a large volume to the system under test extends the decay time (for a
given rate of in-leakage). A portable test rig to include a 1 cubic foot volume, sample pump, controlled
leak, vacuum gage, and necessary valving may be assembled for this purpose.

Decay time due to a known leak can be determined by establishing a measured .03 cfm leak into the test rig
via a 'leak' rotameter on the test rig and timing the decay from between two vacuums such as 16" to 10"*.
The test rig is than connected to the system to be tested, the 'contrlled leak’ on the test rig is closed, and a
16 inch vacuum is established. If the resulting vacuum decay time from 16 to 10" is greater than the time
established using the measured .03 cfm leak; the system has a leak rate of less than .03 cfm and is OK.

* Vacuum to be measured using the vacuum gage installed on a portable ‘leak test’ rig

If vacuum decay time of the sample system without connection to the test rig is longer than the test rig's
.03 cfm decay time than the test rig is not needed.

+ Close the vacuum supply ‘leak test valve’
« Close the sample inlet ‘leak test valve’
[The mica window GM tube radiation detector can withstand a 80" wc vacuum.]
« Adjust the Sample control and Vacuum leak test valves in order to establish 16" wc on the vacuum gage.

« Close the Vacuum Leak Test valve, stop the vacuum pump, and time how long it takes for the vacuum to
drop from 16" wc to 10" we.

Leak data will necessarily include the inlet and outlet valve leak-thru rate.

The leak size which generated the following plot was determined to be less than 0.0003 cfm at a working
vacuum of 6" wc.
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Sample flow alarm

Existing systems on tank purge and annulus CAMs initiate an annunciator point in the control room via
sample pump differential pressure switch or an alarming rotameter. Neither of these existing system provide
adequate indication in response to the various flow problems illustrated in the following chart. Flow alarm
on the new CAMs should be initiated by an appropriately size hi/lo setpoint vacuum gage such as a Dwyer
Photohelic.

Non-CAM air samplers are not equipped with either flow or radiation alarms, however new non-CAM
samplers are to be equipped with a permanently installed vacuum gage such as a Dwyer Magnehelic to
enable evaluation of system performance. Future conversion of air samplers into CAMs will require
replacement of the Magnehelic to Photohelic gages in order to provide flow alarms.

Nominal sample rate for the tank farm samplers is 3 cfm. In-leakage is driven by the magnitude of the
vacuums vac 2 and vac 3 (Figure 9]. Experimental data at 3 cfm reveals that vac 2 will equal 16 inches plus
the value of vac 3. Vac 3 will be dependent upon sample system tubing length, number of bends, and
nozzle size. Any abnormal condition such as in-leakage will cause the vacuum to shift from the normal
working vacuum. Sampling system in-leakage of less than 1% of normal flow [3cfm x 1% = .03 cfm] is
acceptable for High Level Waste air samplers. Testing illustrated by figure 7 suggests that the vacuum at
test point 3 will be close to atmospheric. Installation of the alarm gage at test point 2 will provide the
following indications.

Cause meter_indication

Plugged filter paper _high vacuum
Mis-positioned filter paper low vacuum
Damaged filter paper low vacuum
Sample pump problem low vacuum
n-leakage equal to 10% of normal flow low vacuum*
Plugged sample line high vacuum

An appropriately size vacuum gage {such as a 30" Dwyer Capsulhelic] should permit the inspector to verify
that vacuum is within + 1" wc of normal when the rotameter indicates the isokinetic sample flow. System
design should auempt to produce isokinetic conditions at a sample flow of 3 cfm. Use of a Dwyer

Photocapsulhelic gage will permit control room flow alarms to be initiated by either High vacuum or Low
vacuum.

* Acceplable in-leakage for continuously operating air samplers is addressed by ANSI N42.17B
Section 9.2 as less than 10% of nominal flow rate. [3 cfm x .1 = 0.3 cfm]. Acceptable in-
leakage is addressed by 10 CFR 60 method 5 as the lessor of 4% or 0.02 cfm. Consensus
opinion at SRS favors a goal value of 1% [3 cfm x 0.01 = 0.03 cfm]

Purge and/or annulus blower interlock

Automatic shutdown of stack ventilation due to high radiation or sampler malfunction is not required as
part of the standard High Level Waste air sampler or monitored sampler [CAMs] design; however Waste
Removal Process Hazard Reviews (PHR) currently include action items and recommendations to interlock
H&V off due to high-high CAM activity. Waste removal projects such as S-2081, S-2860, etc. plan to add
interlocks to exhaust systems where such interlocks are deemed appropriate.
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Sample box vacuum will be used in conjunction with the rotameter to indicate flow problems. In order
to accomplish this it is important that the operator be able to read the sample flow to within 0.1 cfm.
Use of a large 10" long rotameter such as Dwyer series RMC will permit sample flow rate readout to
within 0.1 scfm at 3 cfm. The rotameter will be used to indicate sample flow rate in cfm. The 3 cfm
flow rate will be adjusted via the manual valve installed in parallel with the sample pump. At 3cfm the
vacuum gage should read to within +0.5" wc of the previously established normal ‘working vacuum’.

Verification of R
Provide a means of inserting a calibrated rotameter or other flow measurement device in order to
annually verify accuracy of the permanently installed rotameter. The layout (Figure 1) illustrates the
use of a three valve assembly downstream of the rotameter. During normal operation valve b is open
and valves a &c would be closed. For testing; place the test instrument between valves a & ¢, close
valve band open a & c.

Air Moving System (Per DOE/EH--0173T, Section 3.5.5)

System will be operated using a single pump. Current pump of choice in High Level Waste is the Roots
model 22-U-RAI operating at about 850 rpm. AP across the filter paper is proportional to the flow rate, at 3
cfm standard glass type filter paper on a 100 p stage has a pressure drop of 16" of water. Pumps are
installed out of the weather at the bottom of a NEMA 12 enclosure.

Figure 9 illustrates normal flows and pressure drops for the system
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Nominal flow rate for stack air samplers is 3 cfm. The pressure drop across the filter is a function of the
flow and the filter assembly. Figure 10 illustrates the change in AP across standard filter on a 100 p metal
stage due to a change in sample flow setting.

Data from "EG&G flow data 5/18/94"
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pressure drop across fliter paper assembly in

Figure 10
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Pump operating characteristics are dependent upon the pump rpm. Figure 11 illustrates the total air flow
through the pump as a function of the pump vacuum [vac 1 on Figure 8) for a pump operating at 853 cfm.
Motor amperage = 4.9 amps over the total range of vacuum at 853 rpm. Increasing the pump speed to 1000
rpm by changing the pulley ratio to 3:5 will increase the available total air flow by about 2 cfm. Increasing
pump speed requires additional motor horsepower, and may require increasing the size of the 1/3 hp motor.

Data from "roots data 5/18/94"

1 pump speed = 852

total flow thru pump in cfm
H
L

o h i v L} v 1 v L M v

10 20 30 40 50 60 70
vac 1
pump intake vacuum in inches of water

Figure 11
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Continuous Monitoring System Per DOE/EH--0173T Section 3.5.8 &3.5.8.2

The radiation detector designed for (optional) installation in the sample/monitor box is a warerproof version
of the G-M probe in our existing CAMs. [LND Inc. type 8767 neon gas filled with mica window]

Detector
Technical - Neon gas fill to a pressure of 650 mm mercury (i.e.) the probe is under a vacuum.
Electrical - 800 to 900 volts dc is required at the probe. The probe does not require a field pre-amplifier.

Environmental - The mica window is sealed to the steel probe body with a glass seal. Waterproof G-M
detectors should be purchased separately from the sample/monitor box. Mica window will fail due to applied
vacuums approaching 15"wc.

Response - Tests using a 1 p Curie Cesium 137 source indicate that the probe responds to both beta and
gamma radiation. {12000 cpm due to beta and 6000 cpm due to gamma]

Cabije

RG-59U (low noise) coaxial cable is currently instalied between the G-M tube detector and the control
room for each sample/monitor box. The existing cable is adequate for use with the Upgrade CAM design.

The probe is connected to the Val-tech count rate meter [CRM] in the control room and has proven adequate
in lengths of up to 1000 feet in length.

Count Rate Meter

The control room mounted Val-tech Mod IV CRMs are existing and are adequate for use with the Upgrade
CAM design. The Mod IV is a linear output multiscale instrument

0-1K

0-3K

0-10K

0-30K

0- 100K

Some CAMs are equipped with Val-tech Mod V CRMs which use a single 0 -100K logarithmic output
analog display.
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Existine air Monitoring/Sampling Deficiensi

Numerous deficiencies have been identified with both the unmonitored samplers and the CAMs. The
following (8) deficiencies are listed in order of significance.

1) No sample collection nozzle in duct or stack results in low collection efficiency.

2) Improperly designed sample line [ small ID, long length, excessive bends, use of 90° bends, use of
knockout pot upstream of sample box] resuits in high line losses and particle buildup in sample
system

3) Poorly designed sample box [not air tight, paper removal difficult, paper not held in position].
Poor reliability of sample collection on filter paper.

4) Not continuously monitored (unmonitored air samplers) could result in late detection of HEPA
failure.
5) Water accumulation in sample box and/or rotameter restricts flow and destroys sample paper

6) Unsatisfactory flow alarm is unable to detect leaky box.
)] Incorrect sample point { to close to flow disturbance] results in non-representative samples

8) Anisokinetic (low sample rate) results in ‘lower than’ represcnmti\)e count rate
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