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Abstract

|c9 I

A reliable exhaust system was designed to ventilate gloved enclosures xn
an existing building which was modified to provide for the safe handling of
kilogram quantities' of alpha-emitting materials. The new exhaust system was
designed especially for this purpose, and as a separate system, it relieved
the existing overtaxed exhaust systems which could not be economically up-
graded to ̂ perform the same function. The arrangement of components and the
features incorporated in the new system provide many improvements in relia-
bility and maintenance not found in other systems of this type. The more
significant events experienced during the design, fabrication, and installa-
tion of this system, beginning with the design criteria and ending T?ith an
objective critique for the benefit of others, are discussed herein.

Introduction

The Radiochemical Pilot Plant (Building 3019) at Oak Ridge National Lab-
oratory (ORNL) was originally built to accommodate radiochemical operations on
a pilot-plant scale in which beta-gamma sources of radiation were encountered.
However, the original function of this facility has been modified by a growing
use of work space and support systems for operations involving alpha-emitting
materials. After ?,0 years of facility operation during which numerous system
alterations were made, the decision was reached to install a new exhaust venti-
lation system that would meet the current and expected future needs of the
facility.

At the time this decision was reached* the existing facility had two
forms of filtered exhaust systemss but neither was adequate to provide the
particular service necessary to support large-scale handling operations in-
volving alpha-emitting materials in a manner consistent with current safety
regulations. The existing cell ventilation system, which'exhausted shielded
cells and fume hoods and provided some space ventilation, furnished high flow
under low suction conditions (gage pressure of about Z in. H 2O). The second
.system provided! low flow under high suction conditions, and it can best be
described as suited' only for process ventilation of vessels and,restricted
enclosures where open chemical operations are conducted or where high suction
does not create an unsafe condition. Althongi this second system had be'.i
adapted to serve some glove boxes, the existing ducts were inadequate for
greatly increased flows. The flow reserve in the system was less than 200 cfm,
which was far from meeting the projected needs of the facility. Changes to
such systems are costly and difficult to keep reliably safe from imploding
forces resulting from the high suction pressure (about 35 in. HgO).

*0ak Ridga National Laboratory is operated by Union Carbide Corporation,
Nuclear Division, under contract with the U. S. Atomic Energy Comnission.
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With the present facility personnel as operators, the new alpha enclosure
ventilation system will be extended to serve various building areas as the
changes planned for different research programs are realized. The criteria
established for the design of the new system were developed to attain suitable
service provisions of the type and quality foreseen for current and future
alpha enclosure ventilation "needs.

System Design Criteria

The goal of the system design criteria was maximum safety for gloved
enclosure operations and for the environment; the key being reliable trouble-
free system operation. A basic design premise was that reliability is best
attained by engineering Simplicity and another was that human error is a
greater threat to safety than material or equipment failure. This philosophy
underlies the approaches taken to implement the criteria into an integrated
system design. Some points of the criteria characterize only this system,
while other points reflect the application of long-standing practices. Sig-
nificant points of the criteria are outlined as follows.

1.- The system shall be designed and sized to operate with an ultimate
airflow rate of 3000 cfm. Initial operation.shell be at a rate as low as
600 cfm, with periodic increases as other branch connections are put into
service under future programs.

2. A negative pressure of 4 in. H20 shall be maintained with a high
degree of service continuity in each branch duct.

3. Protection si-ill be provided to safeguard each branch dues against
excessive negative pressure.

4. Two physically separated and separately testable HEPA filter stages
shall be provided to filter all effluent before release to the atmosphere.
The first stage shall be within the building confinement limits and be applied
individually to each branch duct.

5. Fire barriers shall be provided upstream of each of the three second-
stage HEPA filter housings to intercept any burning debris that might result
from a breakthrough of the first-stage filters.

6. The total system airflow and the flow in each individual branch duct
shall be continuously monitored.

7. The system shall be instrumented so that an on-duty operator can
quickly determine the status of the system at an existing central station ia
the building.

8. The system ducts shall be metal with minimal leakage, and they shall
be incapable of collapse by fan suction or exposure to weather.

9. The system shall be tested upon completion of construction to demon-
strate performance compliance with J-he design criteria. ...

10. The recommendations given in USAEC Report ORNL-NSIC-65^ ' shall be
used as a guide.

; Arrangement of System Components

I I

Various desirable features, the selection of which was at the option of
the designer, were considered for their relative value in adding safety and
reliability to the system. These features (in descending order of judged
desirability) were (1) ah alternate (electrical) power source, (2) standby
tan(s), (3) vacuum relief devices to limit suction in the system, (4) multiple
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filter paths for second-stage HEPA filters, (5) manual dampers rather than
automatically operated dampar devices, (6) inertia wheels for fan units to
provide better changeover performance, (7) independent electrical power con-
trols for each fan, (9) alarms to detect and signal abnormal flow and/or pres-
sure conditions, (10) dual duct^ysttem (physically separated) upstream of
fans, (11) fire suppression system for^second-stage HEPA filters, and (12) fans
rigidly connected to ducts and found at ion^raming without isolating devices..

The selections were made on the basis o± which feature would provide
operation that would be simple to maintain and regulate. Previous experience
strongly indicated the selection of such items as manual adjustment of flow-
pressure conditions; three equal-size fans in parallel operation; welded
stainless steel ducting rather than coated metal ducting in'wh^ch flanged
joints would be required, thereby jeopardizing leak-tightness; and. normal and
alternate sources o"f power, both being electric so that all fan unifcs^can be
equal and the operation of on-line units can be continued rather than having
to start an idle unit. Where failure of a single component could jeopardize
system function, it was considered necessary to include a redundant item (of
equal size). Although it provides only a single path in many places, the
ductwork was judged unworthy of full redundancy because there are no normally
moving parts and the failure risk was considered to be low.

Tfie final selection and arrangement of system components are illustrated
schematically in Figure 1. Note that the first testable stage of HEPA filters
is located within the limits of the building confinement, as is the vacuum
'relief device which acts as a safety device against excessive suction pressure
within the branch. All of the components of the system beyond the first-stage
HEPA filters are located outside the main building, where they are exposed to
the weather and do not have the added protection afforded by the building in
confining any leakage of contaminating particles.

The first-stage HEPA filters for one branch duct are shown in Figure 2.
Each of two single-filter housings contain a 24 x 24 x 11 1/2 in. HEPA filter.
This branch is designed to handle a flow rate of 600 cfm without shutdown
during filter changes since one filter is allocated for standby duty, per-
mitting DO P testing before being returned to service. Both the first- and
second-stage HEPA filters are introduced into and removed from the system by
a bagging process which preserves system containment.

Three existing multiple-filter housings were available for this project.
These housings were outdoors and had connecting stainless steel ducts and man-
ual shutoff dampers (single-blade design). Since these housings were only
4 years old and had been subjected to very light service, the decision was
readily made to incorporate them and the associated ducting, dampers, and

. insulated stainless steel steam ceil in the new ventilation system. The
filter housings had coated carbon-steel exterior surfaces and stainless steel
clamping linkage. The dampers and ducts were*Vound with gasketed and bolted
flanged joints. Some 60 ft of 20-in.-0D stainless steel duct was reused on
the downstream side of the fan units where the.pressure is low and leakage is
less critical. Utilization of this existing equipment reduced the expected
cost of the project.

Design and Procurement of System Components

A design condition which greatly influenced the sizing of various system
components arose from the need to use some existing equipment (gloved boxes)
with limited strength and the desire to minimize the main duct suction pres-
sure. The branch duct suction pressure of -4 in. H£O stipulated in the system
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Figure 2. First-Stage HEPA Filter Housing Arranged for Parallel Airflow
With One Unit On-Stream and One On Standby.

.design criteria was a compromise value set to establish a balance between the
* ability to move air through each branch, accounting for the airflow resistance
of filters, ducts, etc., and the need to not subject existing gloved enclo-
sure and space ducting to pressures that could cause imploding forces. A
branch suction pressure greater than -5 in, H2O was to be avoided by having a
vacuum relief.device on each branch duct. This value was set as a design goal
because the existing gloved boxes and enclosures had been designed to with-
stand a pressure differential of only 6 in. H a0 (not including the gloves).
The weakest portions of such enclosures are the window panels. These pressure
settings influenced the pressure gradient throughout the remaining portions of
the system, and the pressure profile for the entire system, based on a total

. design level airflow of 3000 cfm, is illustrated in Figure 3. Note that the
minor variation in pressure throughout the main ducting results in nearly the
' same suction pressure at each service connection.

The site conditions for this project eliminated consideration of a fixed-
price construction contractor because of the interrelationship between areas
of the facility in continuous operation and the possible exposure of workers
to known areas of contamination. The resulting cost-plus-fixed-fee (CPFF) con-
struction arrangement permitted a great deal of flexibility in execution of
the work.

Equipment Specifications for Advance Procurement

To save construction time and help assure quality control, detailed pro-
curement specifications were prepared for «sach significant*item of equipment.
Specifically, these items were the staihlessi steel ducting, low-pressure
valves used as dampers, fan units, first-stage filter housings, and the'emer-
gency generator. The job site was investigated closely, critical space areas
were carefully measured, and layout decisions were made to allow precise
detailed drawings of the stainless steel ducting to be made for procurement
purposes. This information permitted the close calculation of system airflow
resistances, thereby providing accurate data fox the specification of f«a per-
formance. The emergency generator was then sized. The equipment specifica-
tions were completed and advance procurement was begun with the intent o£
receiving the items.prior to their need during construction.



12th AEC A§R CLEANING CONFERENCE

g



12th AEC AiR CLEANING CONFERENCE

Particular coverage was given in the specifications to performance test-
ing and inspection to clearly establish the technical requirements for all
participant- and tc assure that the item delivered would meet the intended
requirements. An example of the type of specification used is presented in
Appendix A.

Fans

An arrangement (AMCA Arrangement 8) of three equal-size fan units in
parallel operation was chosen for its dependability and ease of servicing.
Bach fan is sized for an airflow rate of 1500 cfm (50% of the system design

' capacity) against a static pressure of 8 in. H20. Each is powered by a 10-hp
(1750 rpm) electric, motor. During initial operation of the alpha enclosure
ventilation system, only one fan will be needed on-stream to meet the system
requirements for airflow and pressure, leaving the other two fans for standby
service. Later, as more system connections are made, two fans will be required
on-stream and the third will be used for standby service. '.

The provision of an inertia wheel (flywheel) for each unit was stipulated
in the procurement specification to enhance the coast-down time and to virtu-
ally ei-iminate any interruption to the system suction during fan changeover.
This feature has been demonstrated and judged -very desirable for critical
process operations. The direct-connected inertia wheel was sized to utilize
'all excess capacity of the 10-hp motor over that required for the air-wheel
load (approximately 3 hp) =

It was also stipulated in the procurement specification (Appendix A) that
at design conditions, the peak-to-peak vibration displacement of the fan should
not exceed 1.5 mils in any plane. This condition permits direct bolting of
the fan to inlet and outlet duc*-s and to the platform framing, thereby elimi-
nating the need for flexible sleeves and vibration isolators which are subject
to deterioration in outdoor service. Failure of a sleeve or isolator ccalc!
permit aajor inleakage which vould grossly impair the performance of the fan.
Experience has proved that this type cf failure is not unusual for outdoor
fan installations.

A very simple scheme is used to bring fans in or out of system service
either manually or automatically. The operator selects the fan or fans
required for on-stream service by setting three individual pressure switches,
using knobs at the instrument face where the header suction condition is indi-
cated. A loss of suction pressure.in the main suction header causes the fans
to automatically start in the order established by the pressure switch set-

• tings. If by accident, the operator resets the switches in a manner thet
causes all three fans to be run at the same time, only minor pressure fluctu-
ations will result, at the branch connections as" compared with the conditions
during operation of one or two fans. The airflow path from the suction
header thiough the fan and back-pressure dampers was designed to be essentially
identical for each fan so that the performance of each operating fan is the
same as that of the others. This feature assures that fan performance during
an emergency period will be equal to that during normal periodu of operation
and it assures equal loading under any combination of parallel operation.
Manually adjustable dampers (valves) with high-ratio gear (chain wheel) opera-
tors are provided between the main suction header and, each fan suction, and
the blade position in these three valves is kept the same. They are adjusted
in unison to set the suction level in the main header. The blade position
will remain unchanged for long periods, and it is readjusted only when signif-
icant changes in airflow rates, such as those occurring when a new connection
is added to the system, are made. .
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Normal and Alternate Power .

The arrangement of the system requires a reliable power source to serve
all three fan units and the three pressure switches that control fan opera-
tion. The normal power is supplied by the ORNL plant power distribution sys-
tem (TVA source), and the alternate power is supplied by a diesel-angine-
driven emergency,generator (100 Ktf continuous). This unit and other electrical
apparatus, such as transfer switches, are housed in a separate fire-resistant
structure which provides compartmental separation .for the generator and the
power circuitry for each fan. The emergency generator mouse with its compaLt-
mented areas is shown in Figure 4. Each area ox this structure is accessible
only from the outside via individual doors* The 285-galIon underground fuel
supply tank and the anti-syphon fuel piping to the engine are not shown In
Figure 4.

ACCESS TO-
GENERATOR

A K^s J- : V

ACCESS tO TRANSFER
SWITCH, ONE COM-
PARTMENT FOR EACH
FAN CIRCUIT

Figure 4. Compartmented Emergency Generator House.

The wiring for each fan unit i<3 isolated from that for the other fans so
that if one fan circuit fail? as a result of an electrical short, fire, etc.,
the other circuits will remain operable. The power and control wiring from
the transfer switches to the fan motors is routed in separate underground con-
duits tha*- are encased in concrete. A schematic diagram of the power wiring
to the three fans is illustrated in Figure 5.

The emergency power generator was sized to* start all, three 10-hp fan
motors simultaneously should this inadvertently be called for. Normal start-
up woald include only one or two fans. The control wiring allows any one fan
(whose automatic transfer switch opens Its contacts) to demand start-up of the
emergency generator upon loss of its normal power supply. The time required
for operation of the emergency generator frou zero-speed to full load is about
12 seconds. This period is easily bridged by the flywheel coait>4owntime^ of
the fans, providing excellent continuity o*. system suction pressure during the
transition. * V
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Figure 5* Schematic Diagram of Power Wiring for Fans.

Ducting

All ducting was fabricated from type 304L stainless steel with welded
joints being used wherever reasonable. Separ-tn drawings of the ducting were
prepared for procurement purposes, and they provided the fabricator with vir-
tually all of the necessary details, including dimensions, fit allowances for
field adjustments, flange details, end preparations, etc. The drawing notes
accompanying the details for the stainless steel ducting are presented in
Appendix B.

Low velocities were purposely employed in the duct design to create a
near uniform suction pressure throughout the system. The branches were sized
to accept a normal flow of 600 cfin at a velocity not over 1000 fpm* Since
these branches are downstream of the first-stage HEPA filters, normal dust
loading is almost nil and any particles will be of a submicron si?e. There-
fore, the conveying velocity was not a problem, but the need to minimize the
system resistance resulting from duct airflow was a prims concern. The out-
side diameter of the initial branch ducts was selected as 12 3/4 in., yielding
a velocity of approximately TOO fpm with an airflow of 600 cfm. The velocity
in the mains was limited to 2000 fpm for the expected normal flow rates to
insure low pressure losses, as was illustrated in Figure 3.
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thicknesses of the duct material, based on data given in USAEC Report
0RWL=NSIC-65s,^ were selected so that stiffening would not be required and
the ducting could be safely tested at a negative gage pressure of" 15 in. H20. ,
The outside diameters of the suction ducts vary from 12 3/4 to 20 in., and the
wall thicknesses vary from 14 to 12 gauge (US£>).. The pressure for strength
.testing of the'ducting upstream of the fans was set at 12 in. HsO (positive),
but this upstream' ducting and equipment are also capable of withstanding a • .
negative differential pressure of 15 in. H20 without permanent deflection.
The ducting downstream of the fans is open to the stack at all times aad is
therefore exposed only to positive pressure. The wall thickness of the down-
stream ducts was set at 16 gauge to reduce material, handling, and welding
costs, ' ; • . . . . .

Since the ducting through the second-stage HEPA filter? serves as an
extension of the primary (enclosure) containment, limiting dact leakage was of
special concern. A major portion of this ducting is located outdoors and max-
imum containment is necessary to both hold in contaminating materials and hold
out air and moisture. The criteria for leakage limits were not exact, so the
method of leak testing by which the leak rates for various duct sections were
to be. determined was stated on the design drawings. The final leak-rate test-
lag was to be performed after a soap-bubble test of all joints under a posi-
tive pressure of 6 in. H20. These tests are detailed in Appendix C. Leak-
sate testing of an outdoor duct system to prove tightnes's to a close tolerance
(< 0.1% volume/minute) is costly and time consuming. The.testing conditions
must be carefully defined, and the acceptance terms must be clear in advance.

To limit leakage, welding is the preferred method of joining duct sec-
tions. Since quality welds made in the field are more costly than those made
in the shop, economical field installation calls for as few field welds as
possible. Belled joints requiring a single external fillet weld vern therefore
used where possible for field welds. This was done by planning the piece
details and setting the sequence of installation. Where a weld joint could
not be used, the next preference was a clamped flange with a full-face neoprene
gasket of one-piece construction. Gasketed and bolted flange joints were
only where it was necessary to fit existing equipment, such as the filter
housings, and for the fan connections where vibration was a greater possibil-
ity. The clamped flange with a full-face gasket has proved to be superior to
the bolted and gasketed flange in that it has less leakage, costs less, and is
easier to install. The various types of joints employed throughout the alpha
enclosure ventilation system are illustrated in Figure 6

Physical barriers were provided for exposed ducts on roof areas tc pro-
tect them against accidental abuse, puncture, or displacement resulting from
other activities in the area. Two methods of affording this protection ere
shown_ia Figure 7.

~Fixe Barriers ' V

Since the issuance of the criteria for new plutonium, facilities'1 ' by the
USAEC Division of Construction, new and inventive ways of "providing Acceptable
protection for HEPA filter banks against fire, heat, water, and burning debris
have been studied. Acceptable methods for providing fire-suppression^equip-
raent are not defined by these criteria.(2) They therefore did not greatly
influence the design of this system. Through necessity, a method!of'p^ovid
fire protection for this new system was devised, and it involves the iis
Neva-Clog* in cylindrical form to act as a barrier for burning debris' s

^Trademark of Multi-Metal Wire Cloth, Ine,, 501 Roiute 3Q3^ Tapftai*,,lNew^ .,

111
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Figure 6* Types of Duct Joints Used in Alpha Enclosure Ventilation System.
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Figure 7. Protective Barriers for Exposed Ducts in Traffic Areas.
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any be conveyed toward the second-stage HEPA f i l t ers . The barrier i s located ;
in the ducting downstream of the first-stage HEPA f i l ters and the heating coi l
where i t i s free of dust loading and moisture droplets. Three such barriers
are used in the system; one for each of the three second-stage HEPA f i l ter
housings. The installation details for a barrier are illustrated in Figure 8,
end the exterior of a barrier with the inspection window uncovered i s shown
in Figure 9. .

•HEPA FILTER HOUSING
(SECOND STAGE)

ORNL D I 6 7 2 - 7 3 7 6

IS in . 00 DUCT (SST)

VIEWING PORT (UNCOVERED)
TO INSPECT UPSTREAM FACE
OF FifiE BARRIER

CYLINDRICAL SECTION OF STAINLESS
STEEL NEVA-CLOG (FIRE BARRIER)

; Figure 8. Typical Fire Barrier Installation Upstream of Second-Stage
HEPA Filter Housing.

DAMPER

WINDOW TO INSPECT
NEVA-CLOG BARRIER
(COYER REMOVED)

INSULATED EXTERIOR

Figure 9. Exterior View of Typical Fire Barrier With Inspection, Window
Uncovered* . _ „ '„



12th AEC AIR CLEANING CONFERENCE

Note the insulation around the fire barrier shown in Figure 9. This is
to prevent condensation in the fire barrier or ducting when the temperature of
the air is raised well above the dew point by the steam coil. A superficial
air velocity through the Neva-Clog was selected as 100 fpm at a design airflow
of 1500 cfm so that the pressure drop will be low (< 0.25 in. H^O, dry) and
OOP smoke can pass when the HEPA filters are tested in place. The cylindrical
section of stainless steel Neva-Clog is removable for cleaning or replacement
if such is needed.

Back-Pressure Dampers

Each fan discharge has two single-blade back-pressure dampers arranged ir
series. It was necessary to have two such dampers in series to provide a
degree of reliability comparable to that for other items with moving parts.
This redundancy prevents the failure of one damper from allowing bypassing at
the idle fan(s) and negating the suction in the system. As shown in Figure 10,
the. back-pressure dampers on each fan discharge are oriented at a 45° angle
with the viewing window turned toward the operator's station, thereby permit-
ting the operator to determine at a glance whether a damper blade is intact on
its seSft or freely moving on the passing airstream. These dampers are
inspected for seating and freedom of movement during periodic start-up testing
of the fans.

BACK PRESSURE DAMPER

/.r/i-.^i ?•»••&• Pf • > v... -vU-.-: ,/< ,.<„« FAN DISCHARGE
is^?

FAN
\ « j . * . . • • • ' •

Figure 10. Orientation of Back-Pressure Dampers on Each Fan Discharge.

Vacuum Relief Device

The condition of excessive suction in the ducts and space headers is
potentially more dangerous than the loss of suction in the system. Excessive
suction can impose forces on enclosures that could rip off a glove or cause a
viewing panel to cave in, thereby destroying the integrity of the containment.
. Host enclosure structures at ORNL are designed to withstand a negative pres-
sure of 6 in. H20, but the gloves are depended upon to withstand a pressure
differential of no more than 4 in. H20.

A self-contained vacuum relief device for each branch duct is incorpo-
rated in the design for the alpha enclosure ventilation system to guard
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against excessive suction. To meet the requirements of this function, the
device must remain fully closed (no airflow) until a condition of excessive
suction (> 4.5 in. H20) occurs. The device must then open and relieve the
cpnditioa by emitting filtered room air. The airflow capacity of the device
must equal or exceed the normal airflow in the branch duct before the negative
pressure in the duct reaches 6 in. H20. The device must also fully recover
(reseal) after the condition of excessive suction has been relieved to pre-
serve system containment, and it must be free to repeat its function an indef-
inite number of times. An additional requirement was direct gravity action
without springs, periodic adjustments, or complicated moving parts that might
stop reliable opening and closing. •

A search for a commercially available item that would meet all of these
requirements proved fruitless. A unit sized for.an airflow' of 600 cfm was
designed, a prototype was built, crudely tested, and found to be short of the
needed capacity. The design was altered and a second unit was built and latex
tested as part of the initial system performance tests. The capacity of this
unit was sufficient but the flow was not stable. The one moving part of the
device would pulsate and produce violent pressure surges in the ducting; a
totally unacceptable condition that did not appear as a problem, during the
original testing. An effective correction was made by using asealed flaid?-
filled cylinder to dampen the movement of the one moving part. This permitted
smooth operation without adding any load'to alter the unseating differential
.pressure setting of 4.5 in. H20.

The installation arrangement of the vacuum relief device with an enclosed
24-by-24-in. HEPA filter at the bottom on the inlet path is shown in Figure 11.
When the vacuum relief device opens, it bleeds air directly into the branch
duct downstream of the first-stage HEPA filters. This arrangement does not
affect the filters and allows this penetration to be independent of any valves
that could overcome its function of relieving excessive suction pressure. The

INSPECTION WINDOW
OH VACUUM RELIEF
OEVSCE

TEST LEVER

24 x 24 in.
ENCLOSED HEPA
FILTER

INLET

OUTLET CONNECTION
TO DOWNSTREAM
BRANCH HEADER

NEARBY FIRST-
STAGE HEPA FILTER
HOUSINGS

1 Figure 11, Installation of Vacuum Relief Device to Limit Suction
Pressure in a Branch Duct.
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vacuum relief device is periodically tested by means of an integral hand lever
to determine whether the moving part is free to open and return to its sealed,
position (by gravity).

In-Place Testing of HEPA Filters

Permanent connections are provided to permit separate DOP smoke testing'
of each stage of HEPA filters. Valved ports (3-in. size) are provided for
smoke inlets, and 1/2-in. connections are provided for the upstream and down-
stream sampling points on each filter path, as is shown in Figures 1 and 2.
The ORNL safety requirements dictate separate tests for each stage of HEPA
filters with 99.95% minimum collection efficiency demonstrated for each. Test-
ing is required by schedule at 6-month intervals for this system, or following
each filter change, or for any reason that might make the filters suspect.
These requirements made worthwhile the provision of permanent connections in
the system for convenient and safe testing. All of the HEPA filters in the
system will be DOP tested during each routine test to provide the best corre-
lation of results. The life of the second-stage HEPA filters is expected to
exceed 4 years. The life expectancy of the first-stage HEPA filters is more
dependent upon the local operations served, but it should average over 1 year
where the prefilters are kept effective.. _ -.

installation and Testing of System

All fan units, stainless steel ducting, dampers, first-stage HEPA filter
housings, and the emergency generator were procured in advance so that they
would be delivered in ample time for use by the installation contractor. How-
ever, not all of these items were received by their promised delivery dates,
and the installation work was sequenced largely by the availability of new
items of equipment. Since the generator house was in a separate area and its
construction involved the use of "ordinary" materials, it was the first to be
started.

The new stainless steel ducting was received in a single lot, and since a
large portion of it was to be installed on the building roof, this phase of
the installation was accomplished with little difficulty. Relatively few
welds were to be made in the field, and the prefabricated portions of the
ducting were quickly positioned, welded, and inspected.

Reuse of some existing ducting involved the additional problems of decon-
tamination and the wearing of protective clothing by workers. All workers
performing welding operations on existing steel, also had to be protected from
subsurface contamination, and Health Physics surveillance was continuous
throughout all phases of the construction period.

The late receipt of new equipment and a holdup for higher priority work
involving the replacement of ducting in another nearby existing exhaust sys-
tem delayed construction of the alpha enclosure ventilation system, and the
pressure and leak-rate testing of the system could not be started until work
on all sections of the system had been completed. Once all of the duct see*
tions were installed and an effort was made to start the testing in accordance
with the design requirements, several things became very obvious. First, the
time remaining before the onset of cold weather was too short to perform all
of the specified tests. All of the joints were,to be individually soap-bubble
tested, and then by isolating sections, all three regions of the system were
to be pressure and leak-rate tested separately in accordance with specific
design instrue on« (Appendix C).

' . • . . . - • s f
 :

 •' • • . •• •

: • ! ' • r - • ' • - • • • • • -
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Second, several major leaks became obvious as soon as attempts were made
to pressurize the ducts. The reused steam coil leaked profusely at each tube
entry to the casing. This problem was not anticipated during the design stage
of the project. The original insulation on the coil headers had obscured this
condition, and after decontamination, the stainless steel coil was placed in
storage for later reinstallation. Welding all of the tube entries was not
practicable, and delivery time for a new stainless steel coil was many weeks..
It was therefore decided to seal all of the tube joints by using a heat-
resistant silicone sealant (Dow-Corning SO-102 Aerospace Sealant*). Two
unsuccessful attempts at sealing were made before the leakage was reduced to :•
a rate that permitted any meaningful testing of the ducting.

Rather than a definition of the amount of leakage that could be tolerated,
the particular testing method to be used had been specified. This approach
was selected because of the fixed budget of time and funds. A typical pres-
sure delay curve representative of the final test results for the Section-1
ducting, which included all ducting upstream of the reused filter housings
(about 540 ft3 of volume), is illustrated in Figure 12. Because the leakage

ORNL DWG 72-73V1

(a) 2.S CFS REQUIRED TO MAINTAIN 12' fg
UNIFORM PRESSURE DIFFERENTIAL

(b) BAROMETRIC PRESSURE.- 29.45" He

(C) TEMPERATURE

TIME (MINUSES)

Figure 12. Typical Leak-Rate Test Pressure-Delay Curve for Ducting
Upstream of Second-Stage HEPA Filters. «. *

was so severe, the method of leak-rate testing used by the field forces par-
tially deviated from that planned (Appendix C). The leakage anticipated for
the Section-1 ducting was in the order of 2 ft3 per 1000 ft3 at a differential
pressure of 6 in. H20 since the majority of the joints were welded. Careful
soap-bubble testing did not reveal any visible leaks in the ducting itself,
and it was concluded that all the leakage was occurring at the reused steam
coil where sealing had been attempted. " .

*Trade name of Dow-Corning Company,, Engineering Product's Division,
.Midland, Michigan.
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Other reused part? also leaked heavily. The single-blade 20-in. dampers
leaked at the stem packings and at flanges, and the reused second-stage HEPA
filter housings leaked at the covers and flanges. The severity of internal
leakage (bypassing the blade) in the reused dampers forecast another problem
unanticipated by the designer. During a filter change, the plastic bagging
would be too taut to safely handle because the static pressure in that region
of ducting would be about 6 in. H20. For best performance, bagging should not
be subjected to differential pressure in excess of 1/4 to 1/2 in. H20. As a
corrective measure, under a construction deviation, new 3-in. valved bleed-in
ports were added to the clean side of each filter housing, as shown in Figure
13. When HEPA filters are to be changed in one of the housings, the bleed-in
port for that housing is equipped with two enclosed 12-by-12-in. HEPA filters,
the main dampers are closed, and air is bled in through the new 3-in. filtered
port to compensate for the main damper leakage. This reduces the negative
pressure in the filter housing to an appropriate level for filter-change bag-
ging operations and interim inspection of the bags, both of which require
removal of the filter housing access cover.

-EXIT DUCT . INLET
SECOND-STAGE HEPA
FILTER HOUSING
(REVISED £QUiP.>

;*;_• --

VALVED BLEED-IN'
PORT (3 in.) WITH
SEALING CLOSURE

Figure 13. Valved Bleed-In Port at Second-Stage HEPA Filter Housing.

Once installed, the emergency generator was scheduled for field perform-
ance testing ?>y the Seller. After & time loss caused by minor problems and
the replacement of several parts, the testing was performed in accordance with
the procedure prepared by ORNL. The portable dummy load used in the t^st of
the generator is shown in Figure 14.

After successful testing of the emergency generator, the electrical power
and control systems were tested in accordance with a step-by-step procedure in
which the load characteristics and time response of the generator were docu-
mented for automatic start-up operation with one, two, and three fans. The
response of the emergency generator to maximum loading (simultaneous start-up
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Figure 14. Portable Dummy Load Used for Periodic Testing of the Emergency

©f the three 10-hp fan motors) is illustrated in Figure 15* The voltage dip
remained within the specified limit for safe operation, and the generator
accepted the total load. Start-up from signal to full load (1750 rpm) required
12 seconds. After de-energization, fan coast-down times from full load to zero
speed were consistently measured at over 4.5 minutes.

VOLTAGE

CURREKF

mum

VOLTAGE

11.4

Figure IS. Response of Emergency Generator to Simultaneous Start-Up of
Three 10-hp Fan Motors. .
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Critique

A number of problems were encountered during work on this project, some
of which ware foreseen at the time of design while others arose without warn-
ing. This experience improved our understanding of the needed approach to
such a project, and it is related here for the enlightenment of those who may
profit by it.

Criteria

All of the project criteria goals except one proved to be realistic and
beneficial. The one compromising condition was created by the design strength
limit (6 in. H20) of the existing gloved alpha enclosures. This limitation
established the maximum allowable suction pressure at the enclosures, thereby
requiring that the vacuum relief device open at a lesser suction pressure to
fulfill its function as a safety device. This compromise will be reflected in
a reduced life for the first-stage HEFA filters. A suggested improvement
would be to require that all enclosures (not including the gloves) be designed
and tested to withstand a maximum differential pressure of 12 in. H^O. This
.would nfake the enclosures, as well as the rest of the system, eas.ily capable
of withstanding the total head of the fans. The threat of implosion would be
greatly reduced, and dependence upon the vacuum relief devices for other than
glove protection would also be reduced.

Reliability Value of Items

No source of information has been determined to give the relative merits
of one feature or system component over another with respect to reliability.
Beyond the demands of the basic system criteria, the various features and
items to be included in the alpha enclosure ventilation system were rated by
the designer- in accordance with his own experience and judgment. The choice
of features was directly related to cost as well as the need to achieve a
level of reliable operation commensurate with the desired safety. The reli-
ability factor of individual items is not distinct enough to allow the designer
to say that "this is necessary for this particular system, and that feature is
going too far".

Reuse of Existing Equipment

Additional construction time and some unexpected costs were incurred by
reuse of the existing filter housings, valves^" and steam coil. It was intended
that the quality and performance of the reused equipment equal that of compara-
ble new equipment. The initial assessment of the condition of these items
failed to disclose their inadequacies. Closer inspection during the planning
phase would have flagged all of the features which required expenditure of
additional time and money. The experience in this case emphasizes the need1

for careful inspection and evaluation of equipment to be reused in the early
stages of the project.

Equipment Specifications and Procurement

The formal 'specifications for advance procurement of new equipment were
prepared principally to improve fabrication and testing control for quality
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assurance reasons. However, it was' still necessary to work closely with
prospective bidders to be certain that the requirements were clear. For exam-
ple, the procurement specification for the three fan units required individual
testing of each unit rather than testing of one unit representative of the
purchased lot. This feature required detailed explanation.

The detailed drawings prepared for procurement of the new stainless steel
ducting were, a definite asset to the project. Time was saved in procurement
of the ducting, and the need for field modification of pieces was almost
eliminated. Although accurate field work is essential for the proper detail-
ing and dimensioning of all pieces, the same data are also useful to the con-
struction forces and for any later changes that must be made to the system.

Detailed instructions for field testing of the entire system of stainless
steel ductwork (Appendix C) were provided. The soap-bubble testing of all
external surfaces of the ducting for leaks was successfully performed in a
straightforward manner. However, performance of the pressure and leak-rate
'tests was complicated by labor jurisdictional matters. This experience points
up the need to give more consideration to work responsibilities and the proce-
dures involved when the testing methods are selected.

The visual soap-bubble testing method seems to surpass all others for
,' effective leak detection in metal ducting and housings. Less skill and expe-
rience are needed by the workmen, and with care, soap-bubble testing can be
performed both indoors and outdoors with equal efficiency. In contrast, leak-
rate testing must be performed by people familiar with the procedures involved
and can be time-consuming. Good leak-rate precision is difficult to maintain
when the components are outdoors since small atmospheric changes (sunshine
versus cloudy skies) can adversely affect the results. Q'\ | .

Another problem encountered during the testing program was brought about
by the vacuum relief device. The tests performed by ORNL on the initial"
vacuum relief device yielded erroneous results because the actual conditions
to be experienced in the system were not correctly simulated in the test
mock-up. The need to test the unproved device was foreseen, but not enough
thought and effort were devoted to the actual testing. When the new ventila-
tion system became operable, testing of both the first- and second-generation
vacuum relief devices revealed the same pulsating conditions once the conic
section of the device was unseated by suction force. This condition was
corrected by the installation of a small hydraulic cylinder, used like a
dasiipot, to dampen any pulsating movement of the conic section within the
vacuum relief device. This stabilized the unseating movement and did not
impose an additional loading that would affect, or alter the pressure setting.

Operating Experience "

The alpha enclosure ventilation syste* has been operated continuously
since March 2972. Because of the limited aitflow needed for initial opera-
tion of the system, only one fan ia required for on-stream operation, leaving
the other two for standby service. Similarly, only one, of the three second-
stage HEPA filter housings is needed on-stream, leaving the other two on
standby. After initial start-up of the system, excessive vibration was expe-
rienced by fan units 2 and 3. One at a tine, while the remaining fans were in
continuous service (one on-stream and one on standby), the fan« were vibration
tested by ORNL forces. The fans were dismantled, the rotating parts were
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balanced, and the fans were then reassembled, balance tested, and returned to
service. Operation of the system has been uneventful since the fan vibration
problems were corrected, and the pressure conditions throughout the system
have proved to be very close to the design values.

A series of meetings was held to familiarize the operating personnel with
the operation of the alpha enclosure ventilation system. The operating per-
sonnel had witnessed much of the initial performance testing and assisted in-
correction of the fan vibration problem. The on-duty operators perform rou-
tine checks of the system status and. log information relative to flow, pres-
sure, fan operation, generator tests, etc. System maintenance and routine
testing (filters, generator) are scheduled as part of a plant-wide service

. under a computerized program.

References

1. C. A. Burchsted and A. B. Fuller, "Design, Construction, and Testing of
High-Efficiency Filtration Systems for Nuclear Application," USAEC Report
0RNL-NSIG-65, Oak Ridge National Laboratory, Nuclear Safety Information
Center, January 1970. ' .

2. "Minimum Criteria for New Plutonium Facilities," United States Atomic
t, Energy Commission, Division of Construction, April 1971.
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SPECIAL EXHAUSTER ASSEMBLY V * :;\

1 . SCOPE \; . •

1.1 This specification covers a special exhauster assembly for outdoor
unsheltered continuous duty service in an exhaust ventilation system
where continuity of operation is paramount. Seller shall provide a
complete and tested assembly.

2. "•- REFERENCES

2.1 Air Moving & Conditioning Association-(AMCA) Standard 210-67 - Test
Code for Air Moving Devices.

2.2 AMCA Standard 211A - Certified Ratings Program for Air Moving Devices,

2.3 AMCA-Standard AS2406 - Fans - Designation of Direction of Rotation
and Discharge,

2.4 AMCA Standard 2408-69 - Operating Limits for Centrifugal Fans.

2.5 AMCA Standard AS2404 - Far.ii - Arrangements of Drive.

2.6 NEMA - National Electrical Manufacturers Association.
r

3. REQUIREMENTS

3.1 Exhauster assembly shall include a centrifugal fan unit (SWSI) of
all-welded steel construction vith special width wheel, shaft
oupling, 10 horsepower electric drive motor, inertia wheel, guard/
weather cover, and integral base for all components. Assembly shall
be Arrangement 8 (AMCA AS2404), direjit-dirive with fan arranged*for
counterclockwise upblast discharge (AMCA AS2406).

3.2 The following features and/or performance is required.

3.2.1 Exhauster (fan) shall deliver 1500 SCFM (+50; -0) of clean air, 0.075
lb/cu. ft density, against an external static pressure of 8" wg. v <
Suction load on fan shall be equal or, be greater than 75% of total <,
external load. Maximum fan operating speed shall be 1800 rpm. Wheel
shall be a backwardlyiinclined non''overload ing high-efficiency type >, "-
keyed to the drive shaft; and fixed with two or triore set screws. v
Design operation for t|ijts fan unit Shall fall in the mid-zone of
optimum performance with maximum hfatstpo-jer demand requirement "•- "
occurring at less than Resign airf^Ww rate. Stable operation shall
be assured at any pr>ss|re/flow relationship (at operating speed)
from 50 to 1007. of wide open voluws. /', '
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3.2.2 The electric drive motor shall be 10 horsepower, 1800 rpm maximum,
squirrel-cage polyphase induction type, NEMA C design, continuous
rated, service factor 1.15, ball bearings, splashproof with all open-
ings screened to prevent insect entry, Class F insulation. Motor
shall operate on 440/220 volts, 3 phase, 60 Hertz electrical power.

• 3.2.3 The assembly shall include an inertia device (flywheel) that will
provide coasting power for the fan when normal electric power to
motor has been stopped. The size of this device shall be such that,
together with the directly-connected moving parts (i.e., fan-wheel,
shaft, coupling(s), and motor), it shall utilize as near as possible
the starting and running capacity of the 10 horsepower motor without
exceeding the electric motor rating for either mode. This inertia
device shall not require field adjustment or resetting. The device

1 -. shall be directly connected with the other rotating parts so as to
produce one rotating mass. The device may be arranged inside o:r out-
side the fan housing, or on the opposite end from the fan via a

' double shaft motor.

3.2.4 Fan unit shall have gas-tight construction. This shall include, as
minimum treatment, flanged inlet and outlet connections, drive shaft
seal-, gasketed joints (if any) in the housing (scroll), and screwed
or flanged and gasketed joints for any penetration to the interior
of the housing.

3.2.5 The fan housing (scroll) shall have a bottom drain (threaded half-
coupling and closure plug) of Series 300 stainless steel, 3/4" NPT
minimum size. .

3.2.6 All bearings (except in electric motor) shall be heavy-duty ball type
of standard manufacture. Rated capacity of bearings (based on 60,000
minimum hour life) shall exceed the maximum working'load for this
particular service. The outdoor operating environment will vary with
ambient conditions from -10°F to +130°F.

3.2.7 The exhauster assembly shall have all moving parts and pieces stati-
cally and dynamically balanced. At,.operating (design) speed and
load, within the range of 1200 to 3600 cpm vibration frequency, the
peak-to-peak vibration displacement shall not exceed 1.5 mils in any
plane. It is the intention of the Company to install and operate
this assembly without vibration isolators and with gasketed an<i
botted connections to adjoining ducting on inlet and outlet of the
fan. An IRD Model 600B Vibration Analyzer will be used by the
Company to confirm balance performance.

3.2.8 Shaft coupling(s) shall be flexible type constructed of rust-resistant
materials. Selection shall be based on a rating having a minimum
service factor of 2.
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3.2.9 The exposed parts of the assembly exclusive of fan (i.e., shaft(s),
coupling(s), and electric motor) shall be enclosed in a removable • •
combination metal safety guard and weather cover. A small (4" X 6"
minimum) viewing window shall be provided on each side to allow an
observer to view rotation of the inertia device (or coupling) without
removing any part. The viewing windows shall be glazed with safety
plate glass 1/4" thick. The cover shall be designed for convenient
handling either as a single unit or ia parts not weighing more than
60 pounds each.

3.2.10 An integral base shall be furnished for,the unit to consolidate the
mounting of all components and ensure alignment and balance. The
base shall be constructed of carbon steel with mounting holes (and
bearing areas at the holes) arranged for support from the bottom.

__ The base shall not contain pockets or recesses that do not drain
rainwater.

3.3 All metal surfaces (exterior or interior) of the assembly that are
subject to weathering or rusting shall be protected by paint. Paint-
ing shall be equal to PPG Industries Ironhide Red 8-2 Metal Primer
(2 coats) and Lavax Machinery Enamel, Yellow 23-78 (2 coats), applied
as recommended by PPG Industries for surface preparation and
application.

3.4 Maximum overall dimensions for the assembly are as follows.

Length•- 6'-6"; Width - 3»-2"; Height - 3«-2lf.

3.5 Materials - Items not specifically specified elsewhere in this speci-
fication shall be the manufacturer's standard construction and
finish.

4. TEST AND ACCEPTANCE

4.1 A performance test shall be performed by the Seller to determine fan
characteristics over a full range of static pressure/sirflov/hor**-
power relationships, all at operating, speed. Data shall be recorded
and plotted for convenient analysis. Seller shall furnish Company
with certified copies of these test records.

- '• • ' " •:•' ' • - : . ? •• ••••. I • .••'•' '•'• : ., .--'•' .•'•• ' • ' ; • • . - > ; ' = = v

4.2 Frequency/displacement vibratiibn tests shall be performed by the
Seller on the completed exhauster assembly. This testing shall 4«t*x-
mine displacement data (in mi^s)for two specific points fox thr««
different planes at operating[speed for frequencies of 600^ 1000,
1200, 1800, 2400^ and 3600 cpm. The two (2) specific points for *
measurement shall be: (1) outer corner of tK« discharge fling* on
the fan unit, aiid (2) the ««»edbly bate at a mounting hol« opposits
the end supporting the fan unit. Data shall be recorded and tabu-
lated for convenient analytii
certified copies of these test records.

Sel|«r shall furnish Company with
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4.3 Seller shall provide the Company written notice of test dates seven
(7) days (minimum) in advance of testing (4.1 and 4.2). Company
reserves the option to witness the testing of this equipment.

4*4 Final acceptance shall be at installation site, Oak Ridge, Tennessee.

5. DOCUMENTATION

5.1 Documents to be furnished by the Seller are listed on the attached
Company Form UCN-3296 Manufacturer's Data Requirements.
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WORK REQUEST

K-0992A-A1
SPEC. NUMBER '

XSP-376
REQ. NUMBER

P. O. NUMBER

ITEM:

SPECIAL EXHAUSTER ASSEMBLY

REMARKS

1. Dimensional sketches and/or catalog

data showing assembly being proposed.

2. List and sketches of components includinj

materials of "construction.

3. Proposed method(s) and location of See 4*1 and 4.2.

testingc

4. Certified drawings for assembly and each

major component.

5. Certified Bill of Materials.

6. Operating and Maintenance Instructions,

Spare Parts List(s).

7. Certified test reports (airflow 8«* 4.1 and 4.2.

performance and vibration).

PMMNO NUHSKR ITEM NUMB*

UCN-liM f

'j



12th AEC AIR CLEANING CONFERENCE

; APPENDIX B

Drawing notes accompanying stainless steel ducting details prepared for
procurement. Reference: ORNL Drawing H-20327-EG-044-D.

General Notes

1. All metal shall be stainless steel Type 304L meeting requirements of ASTM
A240, A371, except as may be noted on drawings. SST materials shall be
identified by type, gauge, and heat number. Hill certification of mate-
rial properties shall be provided. Drilling of round flanges shall
correspond to ASA B16.5-150 lb. Gauge thicknesses refer to USS gauge.

2. Ducting shall be joined by welding using the gas metal arc process, or
gas tungsten arc process (Type 308ELC Electrode - no flux) by welders and
procedures qualified according to ASME Code, Section IX and this type of
welding process and materials. Welds shall produce completely airtight
joints, (see Note 5 below). Backup tape or strips shall not be used.

3. All welds and heat affected zones shall be visually inspected with 4X
magnifying lens after cleaning. By this method of examination welds
shall be determined to be free of cracks, and porosity shall not exceed

* 10 visible surface pores in any 6-inch length. Defects shall bt repaired.

4. Gaskets shall be 1/8" thick, one-piece, made from new solid neoprene
sheet (Durometer 40-50) to provide full face coverage of the flange and
be neatly .cut to fit flush with the interior wall of the duct.

5. Each part shall be leak-tested and proven free of leaks when inflated to
6" wg air pressure. A soap-bubble solution shall be used to determine
leak-tightness. Leaks found that cause a visible bubble (with 4X lens)
within 5 minutes after soaping shall be repaired by welding, and retested.
Seller shall certify each piece has been tested to be leak-free according
to this test method before shipment.

6. Completed parts shall be cleaned (degreased), rinsed, and dryed before
packaging for shipment. End openings, flanges and nipples shall be pro-
tected with wooden closure pieces and skids that protect the metal against
warpage, abrasion dirt, and moisture during subsequent storage and ship-
ment to Company.

7. Individual pieces shall be marked on top jturface with part numbers
according to the drawings. -

3. Shop welded joints may utilise plain (butt) or belled end welded joints
at girth connections and fittings. Longitudinal joints (seals) shall be
full, penetration welds that are smooth> even, and uniform. Balled rnd
joints shall b* in accordance with detail on tha drawing.

9. Quality Assurance - Sailer shall utilise a quality verification program
that fulfills the requirements of AEC-SDT Standard F 2-4T.
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APPENDIX C

Reference ORNL Drawings H-20327-EG-049-D and H-20327-EG-050-D.

General Notes for Alpha Ventilation System Installation and Testing

1. Stainless steel ducting and fittings (except for instrument lines, Note
12 below) shaj.1 be furnished by the Company and installed by CPFF con-
tractor. Special exhauster assemblies (3), backdraft dampers (6) with
adjacent SST duct fittings on the discharge side the exhausterst and 16"
SST valves (3) shall be furnished by the Company and installed by CPFF
contractor. Pressure/leak testing, aa required below, shall be performed
by CPFF contractor.

2. Design, material, and workmanship associated with this project is
required to achieve quality assurance level III control. Quality verifi-
cation shall be pursued by all participants. Mill certification of all
SST materials shall be furnished, including welding rod. The Company
(Inspection Engineering) will verify the acceptability of all welds and
maintain records of same.

3. Advance approval shall be obtained from'Bullding 3019 supervisor to dis-
continue, alter, or disconnect any existing service that is operable.
Specifically the changeover of ventilation service for Cells 1, 2, and 3
shall be accomplished by- the Company when requested.

4. Before entry and at the time of penetration into an existing system, it
Is required that ORNL Health Physics personnel survey the work area and
determine the extent of personnel protection required of workers. HP
recommendations shall become a valid requirement. Routine monitoring of
workmen shall be in accordance with HP instructions. Any work on exist-
ing pieces (e.g., modifying 20" SST duct) off-site shall be approved by
HP personnel, including any work procedure ." "oosed. HP shall determine
the advisability of discarding the existing HEPA filters in the 3 SGN
caissons (by ORNL) before construction starts.

5. Structural Steel "

a. Material and Fabrication <v

(1) Structural steel shapes, plates, bars, etc., shall conform to
ASTM A36.

(2) High strength steel bolts shall conform to ASTM A325. All bolt
holes shall be 13/16" for 3/4" bolts, except as noted.

b. Fabrication and Erection

(1) The American Institute of Steel Construction "Specification for
the Design, Fabrication and Erection of Structural St««l for
Buildings," seventh edition, and the AISC "Coda of Standard
Practice*1 (1969) shall govern this work unless otherwise indi-
cated on the drawings. Bolted connections shall b« in accord-

. ance with AISC endorsed "Specification for Structural Joints
using ASTM A325 Bolts."
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(2) All welding shall be performed by qualified welders and in
accordance with the requirements of the AISC specifications,
Part 5, Section 1.17, Welds.

c. Painting

Prime all new miscellaneous and structural steel with one shop coat-
Pittsburgh ironhide inhibitive red 8-2'. Finish with two coats of
Pittsburgh Metaleaf aluminum paint No. 22-3.

6. It is necessary that the planned alignment and uniform slope(s) be main-
tained in the erection of stainless steel ducting. It is essential the
SST duct not rest or bear on any edge or surface not identified as a
hanger or connection on the drawings. Work plans and installation
sequence of SST duct pieces must confirm all dimensions as true in the
field before any cuts are performed on furnished pieces. Planned allow-
ances of extra length have been made so the installer can accurately size
each straight run and make a minimum number of field cuts and welds. All
pieces shall be joined by welding except where specifically indicated
otherwise on the drawings; exceptions by written approval in advance of
the installation only. All fitting and welding of pieces is expected to
be done on-site. In the event supplementary SST materials are required
they shall conform to the original requirements set for like items being
furnished by the Company. Their use and pedigree shall be approved prior
to coming to the job site.

7. Drawings indicate the positioning of duct (dimensionally) when ambient
temperature is 70°F. Compensations (at a rate of 9.2 X 10~6 in./in./°F)
shall be made to allow for an installation temperature other than 70°F.
Clearances for ducts must respect an expansion/contraction range of
+140°F maximum/+70°F neutral/-10°F minimum ambient temperature.

8. During storage on the job-site and during installation all SST ducting
and system components like housings,, instruments, tubing shall be pro-
tected from dirt, oil, or water to control the ultimate cleanliness of
the system's interior. Any water, dirt, or tools shall be meticulously
removed and the inside surfaces installed free of any foreign matter
visible to the eye.

9. Particular care shall be exercised during construction to preserve the
watertightness of the roof. Temporary protection shall be used during v

the installation of supports on the roof_when the roof is penetrated.
Final closure of penetrations shall provide complete water seals that do
not pocket water that can freeze and strain the seal.

10. The existing steam heat coil shall be relocated in the new 20" main duct
as indiested on Drawing EG-059-D. The steam and condensate piping ahall
be reconnected from the same points with comparable materials as now used.
The control valve sensing bulb shall be reconnected at the same coupling.
A mercury actuated dial thermometer shall be provided downstream from the
steam coil in a 3/4" NPT half-coupling. Thermometer shall be: American
Cat. No. 4 1/2-6071EM-T3-U7 1/2, 7 1/2" insertion, 0-250'F range, Type 71

. well with lagging extension (304 SST):
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11. Flanged and gasketed joints, as indicated by the drawings, for SST duct-
ing are of two types. (A) Where existing flanged duct pieces are being
reused the joint shall be made up using 304 SST cap screws with 410 SST
lock washers (internal) and brass hex-nuts. Gaskets shall be one-piece
solid sheet neoprene, 1/8" thick, 40-50 Durometer hardness, with hole
pattern prepared in the shop. (B) At the back pressure dampers and at
new joints as indicated by the drawings, flanged connections shall be
trade using a full-face one-piece solid sheet neoprene gasket, 1/8" thick,
40-50 Durometer hardness, without any hole punchings. These connections
shall be made tight using C-clamps (Grinnell Fig. 86 No. 2), see detail
and schedule on drawings.

12. Pressure sensing lines at the fan platform area shall be asade using Type
3Q4L stainless steel tubing (0.035" wall thickness), ASTM A269 and Type
316 stainless steel fittings, compression type, Swagelok. Lines inside
enclosure(s) or directly at instruments (< 2 ft) may use brass fittings,
compression type. Threaded joints at instruments, valves, etc., shall
be doped with Teflon tape. Sensing lines must slope uniformly to control
any condensation to a prepared low point having a drain opening that is
normally sealed via a fitting. Support for lines shall be made using
P1000 Unistrut and tubing clamps. '• .

13. Field Welding - Stainless Steel Ducting - Welding procedures, welding
> procedure qualifications, and welders qualifications shall be prepared in

written form and submitted to the Company and be approved by the Company
in writing before field welding shall be started. Field welds, where
indicated on drawings, for SST ductwork shall be made in accordance with
ORNL WPS 302 (for 304L SST), except inert gas backup is not required for
belled-end joints. Welds shall produce completely airtight joints (see
Note 15 below). Backup tape or strips shall not be used*

14.. Weld Inspection - Stainless Steel Ducting - All welds and heat affected
zone shall be visually inspected with 4X magnifying lens after cleaning.
By this method of examination welds shall be determined to be free of
cracks, and porosity shall not exceed 10 visible surface pores in any
6-inch length. Defects shall be repaired. The Company shall approve all
welds individually. Weld inspection reports shall include the record of
welder, inspector, and approver with dates for each weld.

15. Field Testing - After completion of all installation, field welding, and
inspection the entire system of stainless steel ductwork (SST) and instru-
ment lines shall be pressure and leak tested as follows.

a. Preparation to Test - The ducting shall be tested in three sections,
one at a time, in the order given; then Sections 2 and 3 suction
tested together. Section 1 - Beginning in the second level filter
roof of 502 facility and embracing all SST ducting on the building
roof to a point terminating at the inlet of the three existing SGH
filter housings. Temporary closures shall be made at each housing
inlet (bolted and gasketed blind flanges). Section 2 -including
the three existing filter housings end existing 20n ducting, new
suction header, three fans end six beck-pressure dealers. Section 3 -
discharge header and 20" SST ducting to the existing duct connection
et the 3020 stack base. Section 3 for testing purposes shell be
limited to the laist bolted flange Joint before the iltack conoectlo?.
Visual inspection only shall be used from the last flange to and
including the stuck connection. i
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b. Pressure Testing - The closed sections system of ducting shall be
subjected to a total positive pressure of 12 inches wg, being applied

: in two steps (first to +6 inches wg, then to +12 inches wg). After
the first step to 6 inches wg is made all areas of the ductwork shall
be visually inspected to seek out any obvious deficiency that requires
correction, if the first step shows no defects needing correction,
then the second step shall be made to inflate the duct to 12 inches.,
wg (total). The 12 inches wg head shall be maintained on the duct
system for 30 minutes. All areas of the duct shall be inspected and
determined to have no visible deformation. Any area having any
change in shape, or de'tectable leakage, shall be marked with tape and
identified to the Company.

NOTICE: The contractor shall exercise extreme caution to prevent abnormal
pressure of ductwork during testing. A water manometer indicating
duct pressure and a water column relief device (for relief at pres-
sures > 15" wg) to safeguard against overpressure shall be continuously

• employed during the test period with an attendant assigned and informed
about emergency procedures.

' c." Initial Leak-Rate Testing - With dry weather prevailing and after
successfully completing the above pressure test the ducting shall be
leak-rate checked by: 1) temperatures during total leak-rate test

' period shall not vary more than 10°F (± 5). Inflate ducting to 12
inches wg positive pressure, measuring with an inclined water manom-
eter made of clear 3/8" ID plastic tubing and scale, and the source
of air disconnected and its penetration sealed. Record atmospheric
temperature and pressure and period of time recorded in seconds for
the ducting to deflate from 12 inches wg to 6 inches wg as indicated
on the water manometer. 2) This temperature and timing period shall
be repeated twice more by re-inflating the duct to 12 inches wg before
each run. If the first time period exceeds two hours (with the air
temperature constant, (± S°F) runs two and three may be terminated
after a one-hour period with manometer readings recorded; however,
the duct must be purposely deflated to 6 inches wg or less to precon-
dition for subsequent testing before inflation to 12 inches wg is
started thus ensuring a significant pressure cycle on the duct.

d. Soap-Bubble Testing for Leaks - After completing work on initial leak-
rate timing tests the ducting shall be inflated to 6 inches wg minimum
(12 inches wg maximum) while all welds are soap-bubble tected for
leaks. Leaks found that cause a visible bubble within three minutes
after soaping shall be repaired by welding and retesting (except at
gasketed joints). Gasketed joint leaks shall first have joint
tightened to eliminate the leak. If unsuccessful, the joint shall
be disassembled (after deflatirg duct), pieces inspected for defects
until apparent trouble has been deermined, corrections made, joint
reassembled, ducting inflated to 6 inches wg and the joint(s) retested
vith soap solution. If this effort is unsuccessful in repairing the
leak, the Company shall direct the: nature of further effort. Each
such occurrence shall be recorded in writing (giving pertinent
details) and delivered to the Company. Soap solutions shall be pre-
pared daily as needed, and periodically tested on test leaks (once

. each hour) to prove bubbles can eaaily be formed and retain*).
Soaped areas shall be protected fro* wind and sun to prevent rapid
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soaping operations are completed, the surfaces so
*?e££ed shall be ri:ised with clean clear water and brushed, and then

dry.

Final leak-Rate Testing Sections 1 and 2 Combined - After successful
completion of soap-bubble testing the ducting shall again be given
leak-rate timing tests in a manner similar to "c" above except duct-,
ing shall be deflated to 8 inches wg negative pressure. This testing
shall cover the range from -3" wg to -2" wg. Times and temperatures
shall be separately recorded with pressure and then promptly reported
to the Company in one written report. Section 3 shall not be given a
filial leak-rate testing comparable to Sections 1 and 2.

temporary closures shall be removed, joints remade, inspected,
astd condition reported to the Company.


