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OPERATING MANUAL FOR THE HIGH FLUX ISQTCPE REACTOR

‘Volume I. Description of the Facility

1. INTRODUCTION

This report contains a comprehensive description of the High Flux
Isotope Reactor Facility. Its primary purpose is to supplement the
detailed operating procedures, providing the reactor operators with
background information on the various HFIR systems. The detailed

operating procedures are presented in another report.
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2. REACTOR DESCRIPTION

2.1 Introduction

The prime purpose of the HFIR is to establish, within a limited
volume, an unperturbed thermal neutron flux of 5 x 1015 n/cmz—s for the

purpose of producing milligram quantities of 252

Cf annually. Analysis
of the transplutonium production schemesl and design studiesz’3 led to
the conclusion that this could be accomplished, within the scope of
existing technology, with a light-water, flux-trap type reactor fueled
with uranium highly enriched in 235U and reflected by beryllium. The
reactor power level was established at 100 MW by a combination of eco-
nonic considerations and flux requirements. The size and configuration
of the core were determined by nuclear optimization studies. These,
together with thermal and hydraulic considerations, determine the power
density to be acheived.

The reactor core, which is shown schematically in Fig. 2.1, consists
of four concentric regions each approximately 6l-cm (2-ft) long. The
central region, often called the "island,"” has the highest flux and
constitutes the flux trap. It is approximately 12.7 cm (5 in.) in
diameter and will contain the curium target in the form of a bundle of

rods. The fuel region, located immediately outside the island, has an

1J. A. Lane et al., High Flux Isotope Reactor Preliminary Design
Study, ORNL CF-59-2-65, March 20, 1959.

2R. D. Cheverton, HFIR Preliminary Physics Report, ORNL 3006,
October 4, 1960.

3N. Hilvety and T. G. Chapman, "Thermal Design of the HFIR Fuel
Element," Research Reactor Fuel Element Conference, September 17-19,
1962, Gatlinburg, Tennessee, TID-7642, Book 1.
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inside diameter of approximately 12.7 cm (5 in.) and an outside diameter
of approximately 43.5 cm (17 1/8 in.). It consists of two cylindrical

fuel elements containing 9.4 kg of 235

B in vertical curvud plates. To
minimize the radial peak-to-average power density ratio, the fuel con-
centration is radially graded. To increase the core lifetime and aid in
reactor control, the inner element contains approximately 2.80 g of 105.

The fuel region is surrounded by a concentric ring of beryllium re-
flector approximately 30.5-cm (1-ft) thick. This, in turn, is reflected
by water of effectively infinite thickness, Water above and below the
core Serves as an end reflector.

The control plates, in the form of two thin poison-bearing concen-
tric cylinders, are located between the outer fuel element and the
beryllium. Each cylinder contains an axially varied poison to minimize
the axial value of the peak~to-average power density ratio throughout
the core lifetime.

To increase the usefulness of the reactor, certain experimental
facilities have been provided in addition to the flux trap. These
include two horizontal beam tubes, one extending radially and the other
tangentially from within the beryllium reflector; a horizontal tangen-
tial beam tube which passes completely through the reflector; four slant
access facilities to the outside edge of the reflector; and thirty—-eight
vertical holes in the reflector. Various thimbles and access facilities
for nuclear instrumentation penetrate the reactor vessel.

The reactor core is contained in a 2.44-m-diam (8-ft) pressure
vessel. 1t is cooled by demineralized water which, under minimum design
conditions, is pumped through the system at the rate of 56,775 1/min
(15,000 gpm). This corresponds to a velocity of 12.8 m/s (42 ft/s)



2-4

through the fuel region and 12.2 m/s (40 ft/s) through the target array.
The pressure vessel is located in a pool of water 5.5 m (18 ft) in
diameter and 11 m (36 ft) deep. This serves as a biological shield and
also provides easy access to the reactor. The reactor pool is connected
to a rectangular storage pool 12.6-m (41 1/2-ft) long, 6.1-m (20-ft)
deep, and 5.5-m (18-ft) wide. The general arrangement of the reactor

components is shown in Figs. 2.2, 2.3, and 2.4,

2.2 Core Components

The reactor core components, which include the target array, fuel
elements, control plates, and beryllium reflector, are contained in the
reactor vessel. They are supported on two concentric cylinders called
pedestals, which are bolted to a cylindrical member called the fuel and
reflector support sleeve assembly. This is, in turn, bolted to a sup-—
port ring in the lower part of the pressure vessel. A pair of cylindri-
cal shrouds extend above the top surface of the fuel element. These
shrouds enclose the upper part of the control cylinders and protect them

from the turbulence of the coolant flow.

2.2.1 Target assembly

The target assembly, shown in Fig. 2.5, is located in the island and
contains the curium target material. It consists of 31, 0.95-cm-0D
(3/8-in.) rods, spaced in a triangular pattern, The rods are fabricated
from a mixture of curium oxide and aluminum powder which is pelletized.
The pellets are then packed in aluminum tubes, capped, and the tubes
collapsed onto the pellets to provide good heat transfer. Appropriate
leak tests are applied to each completed tube. The target rods are cen-—

tered inside l.6—cm-diam (5/8-in.) tubes, thereby providing each rod
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providing each rod with its own cooling channel of about 0.3 em (1/8
in.). The target holder serves to securely hold the array of target
rods, to accurately position the assembly, and to facilitate removal and
maintenance operations. A typical target rod is shown in Fig. 2.6.

A minimum design flow rate of approximately 2385 1l/min (630 gpm) is
maintained through the target assembly while 757 1/min (200 gpm) flows
between the target assembly and the inner fuel element. This corre-—
sponds to a coolant velocity of 12.2 m/s (40 ft/s) in the target region,
and is more than adequate for heat removal. The maximum heat flux in
the target region is calculated4 to be about 3.15 x 106 w/m2 (1 x
106 Btu/ftz-h); however, peaks are expected due to buildup and burnup of
various isotopes. With low conductivity pellets [65.3 W/mz—K (11.5
Btu/ft-h-°F)] and a 0.l1-mil air gap between pellet and rod wall, the
internal temperature is not expected to exceed 538°C (1000°F).

Calculations indicate that approximately 100 cc (STP) of gas con-
taining Xe, He, and Kr will be produced during an 18-month irradiation
of a curium target rod containing 10 g curlum oxide. The rods are
designed with a 6.5 cc void to accommodate the gaseous fission products.
The target tubes have sufficient strength to resist the crushing load of
1000 psi external coolant pressure or internal pressure resulting from
fission gas evolution.

Corrosion studies indicate that the corrosion rate of the X-8001
aluminum will not, under the imposed conditions, exceed 0.025 cm (0.010

in.) per year.

4H. C. Claiborne and M. P. Lietzke, "Californium Production in the
High Flux Isotope Reactor,” ORNL 59-8-125, August 31, 1959.



N e

0050

ALUM,
Oxipg

INUM ‘ACT’N’DE
CoMpacy

"in. ALUMIg PoWDE,

R

=

0 57) in:

END CAPS

0T~z



2-11

2.2.2 HFIR fuel elements

The fuel region of the HFIR, shown in Fig. 2.7, is composed of two
concentric cylindrical fuel elements containing ertical, curved plates
extending in the radial direction. The inner element which contains 171
plates is initially loaded with 2.6 kg of 2353 and 2.80 g of lOB burn~
able poison. The inner diameter is 12.87 cm (5.067 in.) and the outer
diameter is 26.9 cm (10.590 in.)., The outer element contains 369 plates

and initially contains 6.8 kg of 235

U but no burnable poison. Its inner
diameter is 28.6 cm (11.250 in.) and outer diameter is 43.5 em (17.134
in.).

The individual plates are of a sandwich-type construction composed
of a fuel bearing cermet hermetically sealed between covers of type 6061

aluminum. The fuel bearing cermet is a mixture of U30 and aluminum,

approximately 35 weight % U308 in the case of the innei annulus and 40
weight 7 in the case of the outer annulus, Uranium containing at least
937% 235U is used as fuel. 1Initially each inner annulus plate contains
15.18 g + 1.0% 235U. In addition, each inner annulus plate initially
contains 0.0164 g + 11.0% of 1OB. The finished plates are 0.127-cm
(0.050-in.) thick and 6l-cm (24-~in.) long with a nominal active length
of 50.8 cm (20 in.). The maximum thickness of the fuel bearing cermet
is 0.07 em (0.030 in.) so the minimum cladding thickness is 0.025 cm
(0.010 in.). The plates are curved in the form of an involute to pre-
serve a coustant cooling channel width of 0.127 cm (0.050 in.) between
plates. Before bending, the inner plates are approximately 9.6-cm
(3.8-in.) wide and the outer plates are approximately 8.9-cm (3.5-in.)
wide. The fuel cores are centered to provide adequate edge cladding.
Both inner and outer plates are fastened between the 73.6-cm (29-in.)
long cylindrical aluminum side plates by welding.
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To minimize the radial peak-to-average power density ratio, the fuel
loading in each plate is varied along the arc of the involute curve.
The boron-10, included in the inner plates in the form of ABC, is added
to the aluminum filler piece rather than the fuel-bearing cermet. The
fuel and poison loading of a fuel plate is shown in Figs. 2.8 and 2.9.

Each fuel core is expected to have a lifetime, at 100 MW, of
approximately 23 days. Under minimum design conditions, coolant flow
through the fuel is 4164 1/min (11,000 gpm) which corresponds to a
velocity of 12.8 m/s (42 ft/s) at a core pressure drop of 620 kPa (90
psi). At 100 MW total heat power the average heat flux is 25 x 109 W/m
(8 x 105 Btu/ftz—h), and the calculated maximum hot spot heat flux is
6.6 x 1010 y/n? (2.1 x 100 Btu/ftz—h). The power level calculated for
incipient boiling under typical conditions - 4.5 MPa (650 psi) inlet
pressure, 15.3 m/s (51 ft/s) flow, 49°C (120°F) inlet temperature — is

2

approximately 133 MW. Present operating inlet pressure is 5.2 MPa (750
psi).

2.2.3 Beryllium reflector

The fuel regilon is radially reflected by a 30.5-cm (1-ft) thick
beryllium reflector., The inner portion of the reflector 1is readily
removable to permit replacement in case of radiation damage and to allow
access to the control-plate drives. The reflector is water cooled but,
in order to avoid excess neutron absorption, the volume of water in the
reflector is held to the minimum consistent with the cooling require-—
ments.

The inner portion of the reflector consists of a 9.5-cm (3.75-in.)
thick beryllium section composed of four concentric cylinders with
cooling water flowing axially between them. The outer part of the
reflector is an 20.95-cm (8.25-in.) thick beryllium annulus with

axlally directed circular coolant channels. Three of the four inner
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annuli, called the "removable reflector,” may be removed from the reac-
tor as a unit thus permitting access to the control drives. The fourth
cylinder, called the "semipermanent reflector,” is removed only when
necessary because of radiation damage. Although the thick outer annulus,
called the "permanent reflector,” may be removed, it is done very infre-—
quently. To facilitate access to the control drives, four small pieces
of the "semipermanent beryllium” are, however, easily removable.

To minimize the chance of interference with the control plates which
are located between the removable reflector and the fuel region, a
0.159-cm (1/16-in.) thick aluminum liner covers the inner surface of the
removable beryllium. The nominal thickness of the coolant annuli between
the removable cylinders is 0.069 cm (0.027 in.). Aluminum rivets located
at the top and bottom of each annulus are used to ensure a minimum cool-
ant channel width. A 0.159-cm (1/16-in.) thick water gap between the
removable and semipermanent reflectors facilitates removal and replace-—
ment of the removable reflector, furnishes cooling, and provides for
expansion of the removable reflector. Four 1.27-cm—diam (1/2-in.) and
four 3.5-cm-diam (1 3/8-in.) vertical irradiation facilities are pro-
vided in the widdle removable reflector beryllium cylinder and eight
others are located in the removable control rod access plugs. They are
provided with beryllium plugs which will be in place when the facilities
are not in use.

The permanent reflector is cooled by water which flows axially
through 0.318~cm—diam (1/8-in.) holes which are spaced on circles con-
centric with the reflector. There are five such circles, each con-

taining 80 cooling holes,
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The permanent reflector is penetrated by 16 vertical 4.0l-cm—diam
(1.58-in.) and 6 vertical 7.19-cm-diam (2.83-in.) experimental facili-
ties similar to those in the removable reflector., Two of the 10.2-cm
(4-in.) beam tubes penetrate the permanent reflector and terminate in
the semipermanent beryllium. One 10.2-cm-diam (4—-in.) tangential beam
tube penetrates all the way through the reflector assembly. Four
slanted grooves in the outer surface of the reflector accommodate the

engineering test facilities.

2.2.4 HFIR control plates

The control plates are located in a 2.2-cm (0.869-in.) thick annular
region between the outer fuel element and the removable beryllium. The
control plates consist of two 0.635-cm (0.250-in.) concentric cylinders
which move in the 2.2-em (0.869-in.) gap between the fuel and reflector
regions. The nominal water velocity through this gap is 4.88 m/s (16
ft/s). The inner cylinder, which is a single piece, is used as a shim-—
regulating rod. The outer cylinder is divided into four equal quadrants,
each used as a shim-safety rod and each having its own drive rod and
scram mechanism. The general arrangement is shown in Fig. 2.10.

Control of the chain reaction is exercised by alteration of the
efficiency of the beryllium reflector as the control rods are woved
vertically between the core and the reflector. The single inner
cylinder is driven downward out of the reactor to incease reactivity,
while the outer quadrants are driven upward out of the reactor to
increase reactivity.

In order to reduce axial variations in the power distribution, the
cylinders are divided into three longitudinal sections each of which

has different neutron absorbing characteristics. The lower section of
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the inner cylinder and the upper section of the outer cylinder contain
33% by volume Eu203 dispersed in aluminum. These sections are highly
neutron absorbing and are called the "black regions.™ The central
section of each plate contains 407% by volume of tantalum dispersed in
aluminum. They are less absorbing than the Eu203 sections and are
called the "gray regions.” The upper region of the inner cylinder and
the lower region of the outer cylinder are made of aluminum and are
called the "white regions.” In normal operation criticality is achieved
by driving the inuncr cylinder down and the outer quadrants up in unison.
As shown in Fig, 2.11, the two control elements are then gradually
withdrawn to compensate for fuel burnup throughout the core life. A
servo control system maintains constant power by moving the imner
cylinder.

In each case the black region is 22 in. long. The absorbiag section
has a nominal thickness of 0.476 cm (3/16 in.), and is clad with 0.08-cm
(1/32-in.) thick aluminum. The gray regions are 12.7-cm (2C~in.) long
and are of solid aluminum. In order to balance the hydrauiic forces, a
large number of 0.635-cm (1/4-in.) holes are drilled through the white
and gray regions of each plate. Corrosion studies indicate edge
cladding around these holes is not necessary in the gray region.

The inner control plate has an outer radius of 22.66 cm (8.921 in.)
and an inner radius of 22 cm (8.671 in.) The overall length is 173.7 cm
(68 3/8 in.). The lower end of the black region is 36.35 cm (14 5/16
in.) above the lower end of the plate and the upper end of the white
region is 68.7 cm (27 1/16 in.) below the upper end of the rod. The
outer control plates have an outer radius of 23.6 cm (9.30C in.) and

inner radius of 23 cm (9.050 in.). The overall width of each is 34.4 cm
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(13 9/16 in.) and the overall length is 168.1 cm (66 3/1' The
upper end of the black region is 16.8 cm (6 5/8 in.) below the upper end
of the plate and the lower end of the white region is :6.8 cm (10 9/16
in.) above the lower end of the plates.

The plates are driven from beneath the reactor by rods which extend
into the subpile room where the drive mechanisms are located. Guidance
for an outer control plate is furnished by six bearings. Four bearings
are attached to each outer control plate, two at each end, and run in
stationary tracks which extend above and below the core. The other two
bearings are attached to the top of the lower track assembly and bear
against the control plate. The single inner cylinder is guided by eight
bearings, four of which are attached to the top of the lower track
assembly and four are attached to the bottom of the top track assembly.
The bearings bear against the inner cylinder through the slots between

the four outer plates.

2.3 Core Support and Assembly

The reactor core is supported by an arrangement of pedestals which
is fastened to the bottom of the pressure vessel. An exploded view of
the various components showing their arrangement is given in Fig. 2.12.
The main support member is the stainless steel fuel and reflector support
sleeve assembly which rests on the tank support ring and extends into
the lower tank extension. It 1s held in place by bolts and provides
support for twe pedestals which in turn support the core components.,

The reflector container and support pedestal is a 6061 aluminum
hollow cylinder approximately 106.7 cm (3 1/2 ft) in diameter by 76.2
cm (2 1/2 ft) high. It is bolted to the edge of the support assembly.
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The reflector rests on top of this cylinder and is clamped between the
pedestal and outer shroud by external tie plates. A second pedestal,
the fuel grid support pedestal, is also in the form of a hollow cylinder.
It it located inside and concentric with the reflector pedestal and is
bolted to the center of the support assembly. This pedestal is approxi-
mately 31.1 em (1 ft, 3 in.) in diameter and 91.4 cm (3 ft) high. The
stainless steel fuel grid provides mounting surfaces for the fuel ele-
ments. It rests on the fuel grid support pedestal.

Two concentric shrouds are located above the core to provide proper
distribution of coolant iilow and to furnish support and alignment
features for various components above the core. The outer shroud
is fastened to the reflector support pedestal. A 91.4-cm (3-ft) long
cylindrical extension surrounds the control region. The lower portion
serves as a flow distributing plenum for the reflector. The inner
shroud is also cylindrical and fits over the outside edge of the outer
fuel element. It extends upward inside the control plate region. The
inner shroud 1s easily removable and must be lifted out to change fuel
or to provide access to the control plates and the removable beryllium.
The outer shroud may be removed but remains in place during all routine
core manipulations. Suitable orifices in the outer shroud and between
the inner and outer shrouds ensure adequate cooling to the reflector and
control plate regions, The outer shroud is fabricated of 6061 aluminum
and the inner shroud of type 304L stainless steel.

Components exposed to hydraulic loads are designed to withstand a
coolant pressure differential of 861.8 kPa (125 psi) and to support the
dead weight of the components and loads resulting from normal operation
as well as the extra loads which may be encountered due to the malfunc-—

tion of a control rod.
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To minimize the probability of blocking the coolant channels in the
reactor core, a strainer is located in the primary coolant loop at the
point where the loop branches to form the two inlet lines to the reactor
vessel. The strainer, a multilayered sintered stainless steel wire
cloth, is designed to retain foreign objects which are larger than 0.09
cm (0.036 in.) in diameter. 1t is located in a special spool piece in
the primary coolant supply line within the reactor pool. Vertical
access to the strainer basket is provided by means of a quick-opening
hatch. The strainer is located sufficiently far below the pool surface

to provide adequate shielding.

2.4 Reactor Pressure Vessel

2.4.1 General description

The HFIR core is contained in a 238.7-cm—-ID (94—in.) pressure vessel
constructed of carbon steel clad on both sides with austenitic stainless
steel. A stainless steel extension 1s attached to the lower end of the
vessel to permit control rod access to the core through the 213-cm
(7-ft) thick pool floor. The carbon steel vessel wall is 7.3-cm (2 7/8-
in.) thick. A minimum cladding thickness of 0.318 cm (1/8 in.) is pro-
vided on the inside with a minimum of 0.254 cm (0.1 in.) on the outside.
The general arrangement 1s shown in Fig, 2.13.

The flat upper head of the vessel is made of 35.6—cm (l4-in.) thick
carbon steel clad with stainless steel. It is secured to the vessel
with bolts and sealed with an elastomer O-ring. A 76.2-cm—diam (30-in.)
quick—-opening access hatch has been provided in the head for ease of
access In routine operation. It is designed with a breech-lock type of
closure and sealed with an elastomer O-ring piston seal. 1In the center
of the quick-opening hatch is a 30.5-cm—diam (12-in.) target access plug

with a sheer block type closure and an elastomer O-ring piston seal.
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The lower head for the control rod access extension is a 16,5-cm
(6 1/2-in.) thick flat bolted head with an elastomer O-ring seal. All
other closures are standard ASA bolted flanged joints with metallic ring
joint seals., The top and bottom heads are shown in Figs. 2.14 and 2.15.
Aside from the access hatch and the three water inlet and exit

lines, the vessel is provided with 57 penetrations. These penetrations
are listed in Table 2.1.

2.4.2 Vessel design and inspection

Materials have been specified in accordance with the ASME Pressure
Vessel Code. To eliminate corrosion caused by normal operation and by
the action of decontamination solutions, stainless steel has been uti-
lized for surfaces exposed to the primary and pool water,

The vessel has been designed in accordance with Section VIII of the
ASME Boiler and Pressure Vessel Code and Nuclear Code Cases 127QN,
1271IN, and 1273N. The design conditions for the vessel are:

Operating Design Test
Temperature 49 - 75°C 93°C 24°C
(120-167°F) (200°F) ( 75°F)
Pressure 5.2 MPa 6.9 MPa 10.7 MPa
(750 psig) (1000 psig) (1550 psig)

Structural analysis has been performed by the methods described in
the Department of Commerce Bulletin, PB 151987, "Tentative Structural
Design Basis for Reactor Pressure Vessels and Directly Associated

Components,” December 1958 revision. The loading conditions which have

been evaluated and the results of the analysis are given in the Allis-

Chalmers Design Report for the vessel.
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Table 2.1. Reactor pressure vessel
Nomenclature Number Size
Cooling water inlet 2 40,6—cm-0D (16-in.) pipe
Cooling water exit 1 45,7-cm-0D (18-in.) pipe
Slant engineering facility 4 15.2-cm (6-in.) 272 kg
penetration (600 #) RJ flange
Ion chamber penetration 3 10.2-cm (4-in.) 272 kg
(600 #) RJ flange
Rabbit hole penetration 8 7.6—cm (3—-in.) 272 kg
(600 #) RJ flange
Radial horizontal beam tube 1 35.6-cm (l4-in.) 272 kg
penetration (600 #) RJ flange
Tangential horizontal beam tube 3 20.3-cm (8-in.) 272 kg
penetration (600 #) RJ flange

*
Vertical experimental penetration 12 S5.l=cm (2-in.) 272 kg

(600 #) RJ flange

Vertical experimental penetration* 9 10.2-cm (4-in.) 272 kg

Vessel vent*
Bottom head

. k%
N-16 water exit

*k

Quadrant thermocouple
Control rod shafts**
Top head
Quick—-opening hatch®

Top plug*

*k
Fission chamber penetrations

(600 #) RJ flange
76.2-cm (30-in.) flange

0.635—cn-diam (1/4-in,)
0.318-cm-diam (1/8-in.)
4.9—cn—diam (1.938-in.)
261,6—cn~0D (103-in.)
76.2-cm—-diam (30-in.)
30.5-cm~diam (12-in.)
1.9-c a=diam (3/4-in.)

W = = =~ U &~ =

*
Top head.

K%k
Bottom head.
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The vessel was inspected in accordance with the requirements of the

basic Code and Nuclear Code Case 1273N. Additional inspections performed
included dye penetrant and, as applicable, magnetic particle inspection
of all welding, including overlay cladding, both before and after stress
relief. Additional tests included impact testing of ferritic materials
and ultrasonic testing of plates, forgings, and other vessel parts. To
verify the adequacy of the vessel, hydrostatic tests at 10.7 MPa (1550
psig) and supplementary tests at 6.9 MPa (1000 psig) following 17 cycles
from atmospheric pressure to 6.9 MPa (1000 psig) were performed.
Measurements were made of the top head bolt tensile stress under preload
and at 10.7 and 6.9 MPa (1550 and 1000 psig).

After being put into operation, the vessel has heen inspected
periodically for physical deterioration. Tests are also performed
following each removal and replacement of the vessel closures in order
to establish tightness.

The sizing of nozzle openings and the arrangement of the water annu-
lus outside the core has been fixked to limit the fast neutron dose to
the pressure vessel. On this basis, vessel materials were used which
assure that the nil ductility temperature, as determined by Charpy V-
notch impact tests, of any portion of the vessel will never exceed
-12.2°C (+10°F) after 20 years. The operating procedures require that
the vessel temperature be maintained above 11°C (70°F) whenever the
stress level is more than 34,5 MPa (5000 psi). This stress level is
developed at a vessel pressure of approximately 1.4 MPa (approximately
200 psig).

As a further precaution, radiation damage is monitored by the inser-—
tion of a number of actual pressure vessel steel samples at locations
corresponding to the areas of highest exposure. Specimens are removed

periodically and tested for strength and notch toughness.
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2.5 HFIR Pools

2.5.1 General description

The reactor vessel and the spent fuel storage facilities are located
in a system of water-filled pools which furnish biological shielding,
and, in the case of the spent fuel elements, also provide a mechanism
for removing heat generated by the decaying fission products. The HFIR
pool consists of four separate compartments as follows (see Fig. 2.16):

1. a 10.97-m (36—ft) deep reactor pool, the lower portion of which
is a 5.5-m—diam (18-ft) by 4.88-m (l6-ft) deep cylinder, the
upper portion is a 5.5-m (18-ft) wide by 6.1-m (20-ft) long
rectangle;

2. two 6.1-m (20-ft) deep clean pools, each of which is 5.5-m
(18-ft) wide by 6.3-m (20 3/4-ft) long; and

3. a 7.6-m (25-ft) deep by 2.4-m—diam (8-ft) critical pool for
future use.

The reactor pool contains the reactor vessel and two defective fuel
element storage tanks. The clean pools contain the long—term spent fuel
storage facilities. The critical pool was designed to accommodate a
future HFIR critical facility.

The pool wzlls and floor are constructed of reinforced concrete and
are lined with type 304 stainless steel. The lining on the sides of the
rlean pools, the critical pool, and the rectangular portion of the reac-
tor pools is 0.635-cm (1/4-in.) thick. The lining on the pool floors
and the walls of the cylindrical section of the reactor pool is 0.95-cm
(3/8-in.) thick. The reactor and clean pools are separated by removable
aluminum gates which allow the transfer of spent fuel elements between
pools. A concrete wall, with a transfer hatch, separates the clean pool

and the critical facility pool.
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The walls of the cylindrical section of the reactor pool are of
ordinary concrete 3.66-m (12-ft) thick. TFour beam tube access holes
penetrate the reactor pool wall at elevation 250 m (820 ft, 6 in.); and,
in these regions, the wall is of high density concrete 2.28-m (7 1/2 ft)
thick. Additional movable shielding is provided, as required, around
these openings. The walls of the rectangular section of the pool [that
section above elevation 253.9 m (833 £t)] are of ordinary concrete 9l-cm
(3-ft) thick. Concrete block, supported by the 3.66-m (12-ft) thick
portion of the wall, may be stacked against these walls as required to
shield the vertical access facilities to the beam tubes and the slant
access penetrations to the pool. The floor of the reactor pool, which
is also the ceiling of the subpile room, is of high density concrete
2.13-m (7-ft) thick,

The south wall of the clean pool is constructed of ordinary concrete
1.52—m (5-ft) thick, and the north wall, which also serves as the south
wall of the heat exchanger cells, is 1.22-m (4-ft) thick ordinary
concrete. The walls of the critical pool are also oi ordinary concrete
a minimum of 1.83-m (6-ft) thick. Except for the stairwell leading to
the subpile room, the area under the clean pool and critical pool is
unexcavated. The floor in the unexcavated area is of ordinary concrete
and is 91-cm (3-ft) thick under the clean pool and 60.l-cm (2-ft) thick
under the critical pool. The pool floor above the stairwell to the sub~-
pile room is of 55.8-cm (1-ft, 10-in.) thick high density concrete
backed up by 35.6 cm (lé-in.) of steel armor plate.

Three 7.6-cm-diam (3-in.) pipe sleeves through the north wall of the
clean pool, at elevation 255 m (837 ft), furnish access to three of the
heat exchanger cells. In addition to the experiment facilities, six
15.2-cm~diam (6-in.) pipe sleeves at elevation 256.3 cm (841 ft) permit

access to the reactor pool from the experiment room. Four similar
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sleeves at the same elevation provide access to the clean pools. When
not in use these sleeves are plugged with flanges and shielded with bags
of lead shot.

The pool liner is fabricated of stainless steel sheets welded
together. The wall liner is fastened to the concrete by means of stain-
less steel rods which are welded to the underside of the liner and which
penetrate the concrete walls. The floor liner is plug welded to steel
bars set in the concrete floor. These attachments serve the double pur-
pose of holding the liner in place and of providing conducting paths for
the removal of heat generated by gamma ray absorption in the concrete.

Stainless steel scuppers are provided along the inner edges of the
pool at elevation 258.5 m (848 ft) which is 96.5 cm (3 ft, 2 in.) below
the reactor bay floor. These scuppers are 25.4-cm (10-in.) wide and
48 .3-cm (19-in.) deep. They convey the overflow from the pools to the
pool cooling system and, by providing a small constant flow, prevent

dust from collecting on the pool surface,

2.5.2 Pool cover and personnel bridges

The personnel bridge spans the pool from north to south; see Fig.
2.17. It is a 1.83-m (6-ft) wide, 6.l-m (20-ft) long platform covered
with vinyl asbestos tile and surrounded by a suitable railing. The
bridge is mounted on wheels and is driven on a track in the east-west
direction by a l-hp motor and gear train at a speed of 0.05 m/s (10
ft/min). The tracks extead the entire length of the pools. thus per-
mitting the bridge to be positioned over any point in them. Although
the bridge drive is designed to stop the movement within 5-10 em (2-4
in.) after the power is switched off, a manual drive is provided to
facilitate accurate positioning. A small manually driven carriage
mounted on tracks on the bridge permits accurate positioning of tools

or equipment in the north-south direction.
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APERTURE

Pool cover and personnel bridge.

Fig. 2.17.
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To provide additional containment and protection, the reactor pool
is covered by a cover fabricated from 1.3-cm (1/2-in.) thick Plexiglas
panels supported by aluminum beams. There are two covers each é-m
(19-ft, 7-in.) wide and 3.17-m (10-ft, 5-in.) long. They are separated
by an aperture which extends across the pool under the personnel bridge.
Air from the reactor bay is drawn through the aperture and into the SBHE
system ducts which are located just above the scuppers in the pool walls.
In this way any vapor or gas originating in the pool is prevented from
escaping into the reactor bay.

The aperture is nominally 91.5 cm (3 ft) in width but is adjustable
to provide adequate air velocity. The cover itself is carried on a
wheel and track arrangement. Four long pins operated from the bridge,
two on the east and two on the west side, engage it so that it will
follow the bridge as it is moved., The reactor bay floor at the west end
of the reactor pool is a steel plate supported on beams with sufficient
room underneath to accommodate the west end of the cover, thus permitting

the aperture to traverse the entire reactor pool.
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3. INSTRUMENTS AND CONTROLS

3.1 Introduction

Successful operation of the reactor depends on the ability to con-
trol both the nuclear reaction and the supporting process functions.
Nuclear and process instrumentation develop the information reauired for
such control, which is realized with a high degree of automation through
appropriate output elements.

Section 3.2 provides functional descriptions and the rationale of
the systems which exercise direct control over the reactor. Section 3.3
describes the iastrumentation and automatic controls for the supporting
processes, such as heat power and waste removal. The systems controlling
the reactor combine nuclear and process infermation. Since the latter
is derived from instrumentation of the same types as, and often inti-
mately assoclated with, that of the supporting processes, the supplemen-—
tary detailed descriptions of this particular process instrumentation
appear in Section 3.3.

Operation of the reactor and the process equipment is largely

centralized in the control room (Fig. 3.1).



L\

Loy
AEEAEE

[

Fig. 3.1.

ORNL-DWG 63-3725

A _ CRITICAL FACILITY CONTROLS

B
C} SAFETY CHANNELS
D

E _ PROCESS CONTROLS

F _ LIOUID WASTE

G _ GASEOUS WASTE | MONITORING
H_ HEALTH PHYsiCS | SYSTEMS

I _ ELECTRICAL

i _ MODE SELECTION, ETC.

2 . FISSION CHAMBER CONTROLS

3 _ SHIM RCD CONTROL

4 _ REGULATING SYSTEM CONTROLS
5 _ SAFETY CHANNEL TESTING

Control room.

-t



3-3

3.2 Reactor Instrumentation and Controls

3.2.1 References

Drawings:

RC 11-1-1C Control block diagram

RC 11-1-2A, -2B, -2C, -2D Elementary diagram of rod controls
on llAll (IIB,II "C," "D") bus

RC 11-1-2G Elementary diagram shim rod drives

RC 11-1-2H, -2P Elementary diagram contact tabula-
tion, Sheet 1 (2)

1546-01-E-2130 Elemlentary control diagrams annun-—
ciators B, C, D, F, G, and HI

RC 11-9-51 HFIR safety system "A Channel” block
diagram

RC 11-9-53 HFIR safety system No. 1 channel
(typical) circuit diagram

RC 11-12-51 Regulating channel block diagram

RC 11-12-53 Regulating channel (typical) circuit
diagram

RC 11-13-51 Wide-range counting instrument block
diagram

RC 11-13-53 Wide-range counting instrument

circuit diagram

Singmaster and Breyer Specifications: Section 112 instrumentation
and auxiliary equipment
Section 115 process systems
instruments
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3.2.2 Reactor safety, servo, count-rate and control systems -
introduction

The subject four systems were conceived to wmeet the rigorous protec-—
tion, control, and service reliabllity requirements that arise wainly
from the high power density in the HFIR core. Prominent in the systems
are several features intended to prevent core overheating and damage due
to curtailment of coolant flow or loss of coolant pressure. The effects
of rapid fuel burnup, poison growth, etc., necessitate continuous auto-
matic calibration of the neutron flux measurements used for both protec-—
tion and control purposes; this is accomplished by means of heat-power
instrumentation. The emphasis on reliable performance gave rise to
several other important features of the systems: (1) provision for
testing the safety system with the reactor in service, (2) independent,
redundant subsystems with final control and protective actions on a two-
out—of-three basis, and (3) modular arrangement of instrumentation to
facilitate repairs. Special provisions were also made to permit test
operation of the reactor at low power, subject to appropriately
simplified control criteria.

Control of the reactor is exercised by four outer quadrant shim-
safety plates which can be scrammed, and one inner shim-regulating
cylinder which does not scram. The shim~regulating cylinder has both
shim drive over its entire travel span and regulating servo drive, which
operates within a narrow range about the position set by the shim drive.
The safety, servo, count-rate, and control systems together determine

the plate positions as described in the following
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sections of this procedure; their essential functions are summarized

below:

1.

Control system

Includes all relaying and switching equipment necessary to
effect gross control of the reactor subject to (a) direct
requests by the operator and (b) automatic requests and
restrictions from the servo, safety, and wide-range counting
systems. The automatic operating features, restrictions, and
safety criteria are selected through the control system,
appropriate to the following operation situations: (a) Mode 1,
Start - automatic startup to 10 MW level, with full primary
coolant flow; (b) Mode 1, Run — servo controlled progression to
and operation at power levels between 10 and 100 MW (NF);
shimming initially by manual control, and ultimately automatic,
subject to shim calculator control; (c¢) Mode 2 - operator
controlled startup and operation to 2.5 MW; at least 10% of
full rated primary coolant flow is required, with or without
pressurization; (d) Mode 3 ~ operator controlled startup and
operation to 100 kW; no coolant flow or loop pressurization
required.
Servo systen

Automatically controls reactor power at demand levels
above 10 MW by rapid pesitioning of the shim-regulating
cylinder by the regulating drive. When reactivity changes
greater than the amount available from the regulating drive are
required, the servo system initiates shim insert action through

the control system or annunciates the need for shim withdrawal.
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3. Wide-range counting system
Primarily used for control of reactor startup and opera-
tion up to the 10-MW power level. The system develops count-
rate confidence and period information from fission chambers,
which is realized as shim withdrawal permissives or insert
requests in the control system.
4, Safety system
Recognizes impending unsafe conditions which may develop
in the reactor, and scrams the shim-safety plates to minimize
hazards and prevent core damage. The scram criteria are: (a)
excessive rate of power increase, in Mode 1; (b) excessive core
power; (c) high temperature of coolant entering core, in Modes
1 and 2; (d) coolant flow less than amount normally provided by
two pumps driven by pony motor:, in Modes 1 and 2; (e) primary
loop pressure low, in Mode 1; and (f) high radiation in primary
coolant water. The effectiveness of the nuclear portion of the
safety system is realized primarily at power levels where appre-
ciable neutron flux signals are obtainable from the uncompensated
ion chambers. Auxiliary circuitry in the safety system initiates
prompt, controlled plate insertion via the control system when
core power exceeds intermediate limits, with the intent of elim-
inating the necessity for scram whenever possible.
The safety, servo, and count-rate systems each consist of three
identical, independent subsystems or "channels," arranged so that most
of the output actions of a system require concurrence of two channels.
This redundancy feature permits any one channel of each system to fail
or to be disabled for tests and maintenance, without affecting operation

of the reactor. The "scram"” outputs of the three safety channels are
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combined only at the shim-safety plate latch magnets; each magnet has
three coils, any two of which will hold the latch armature. The output
of each servo channel is the motion of one servo motor; the three motors
are geared together so that the regulating action is the net result of
all three shaft rotations. Many of the automatic shim plate control
signals that originate in the three safety, three servo, and three
count—rate channels, are combined in the control system in two-out-of-
three switching configurations. There are three independent 64-V bat-
teries, each of which supplies all power requirements of one safety, one
servo, and one count-rate channel, The battery loads include certain ac
powered process instrumentation in the servo and safety channels, which
are supplied via dc/ac inverters.

The shim plate drives and controls are primarily ac powered, with
their normal supply backed up by an emergency diesel-generator. Provi-
sion is also made for fast insertlon of the quadrant plates independent
of the ac power supply, with actuation by air motors fed from the instru-
ment air system.

The overall safety of the reactor eperation is enhanced by employing
different types of process instrumentation for the corresponding func-
tions in the servo and safety systems. Thus, the coolant flow and tem—
perature information is handled by all-pneumatic instrumentation in the
servo system and all-electric instrumentation in the safety system. Air
for the servo channels is normally supplied from the instrument air
system, via individual reservolrs; the reservoirs share an emergency
compressor whose power supply is backed up by a diesel-gemnerator.

The testing and two—out-of-three output features built into the

safety system enable virtually complete routine checking of the system
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performance, including the sensors, before and during operation of the
reactor. There are only a few installed arrangements specifically for
testing the servo count-rate systems; however, the response of these
systems to certain operations of the manual controls affords some indi-
cation of their performance.

Continuous monitoring of essential functions of the systems is
provided directly by special control permissive circuitry, alarms, and
indicator lights, Additional monitoring is effected through certain
fail-safe features and provisions for observing agreement among the
various readouts.

Although portions of each of the systems are deactivated automati-
cally when the reactor is shut down, there is no explicit provision for
“"turning off” any of the systems. When it becomes necessary to de-
energize any of the equipment, this may be accomplished on a large scale
by interrupting the appropriate power supply bus(es), or to a limited

extent by removing modules from the cabinets.

3.2.3 Shim plates, drives, and drive—motor coatrols

The control elements consist of two vertical concentric cyliners,
located in the annulus between the fuel and reflector regions in the
core. The outer cylinder is divided into four quadrants, which with-
draw upward; these are referred to as shim-safety plates Nos. 1 through
4. The inner element is a cylinder, which withdraws downward, and is
called the shim~regulating cylinder or the No. 5 cylinder. The poison
content is graduated, to some extent, along the length of the cylinders,
so that minimum core reactivity (greatest poison value) is effective
when the cylinders are fully inserted. 1In their fully withdrawn posi-
tions, about 68.6 cm (27 in.) from the respective seats, the inner and
outer cylinders still overlap in the core annulus but present a minimum

poison effect. In order to secure vertical flux symmetry in the reactor
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core, it is necessary that the plate drive mechanisms position the plates
symmetrically.

The inner cylinder is solidly attached to its drive shaft, which
extends through a seal in the reactor vessel to the subpile room (Fig.
3.2). The shaft is pasitioned by both shim and servo drives, the former
being a motor—-driven lead screw, and the latter a movable platform upon
which the shim drive assembly is supported. A hydraulic pressure-~
balance cylinder acts directly upon the No. 5 cylinder drive shaft,
relieving both drive mechanisms of much of the loading which results
from weight and from core cooling water flow friction and pressure
forces. In the event of failure of the lead screw, the pressure-balance
cylinder acts as a dashpot to limit the rate at which the No. 5 cylinder
is forced out of the core.

The outer cylinder quadrant sections attach to individual drive
shafts by means of ball latches, which are a part of the safety system
(Fig. 3.3). The drive shafts extend through seals in the reactor vessel
to their lead-screw positioning mechanisms in the subpile room. Push
rods to control the safety-release ball latches operate inside the
hollow drive shafts, terminating at the magnets which are attached tc
the lower ends of the drive shafts.

Reversible ac electric motors normally actuate the shi= drive lead
screws, providing plate motion at the rate of approximately 15 em (6 in.)
per minute., The lead screws for the quadrant plates also can be driven
in the iInsert direction by air motors, at plate speeds of 127 cm (approx—
imately 50 in.) per minute. The electric and the ailr motor driving each
quadrant plate are geared together and can operate simultaneously;
however, neither can be backdriven by its opposite through the gears.

The platform drive of thie No. 5 shim-regulating cylinder is duscussed

with the servo system.,
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The shim drive electric motors are energized from reversing starters,
the acticn of which represents the primary output function of the control
system. Solenoid valves admit instrument air to the air motors when
energized from the control system.

A key-operated lockout device is provided for each electric shim
motor. The devices dicconnect motor leads and mechanically prevent

rotation of the motor shafts.

3.2.4 Reactor coantrol system

The control system is essentially a switching matrix, intended to
position the plate shim drives automatically under wmany reactor operat-
ing conditions and by manual control or with operator permission under
other conditions., A block diagram of the control system is shown on
Fig. 3.4. Normal requests for plate withdrawal or insertion are devel-
oped by "Auto Shim” limit switches on the regulating drive of the No. 5
cylinder, or by manual controls on the console. The limit switches are
actuated whenever the regulating drive passes beyond its optimum range
in attempting to satisfy servo demands for reactivity change. Insert
requests, whether "normal” or origniated by "reverse” circuitry, are
always granted, provided the drives are operable and not already fully
inserted. Withdrawal requests frow the limit switches are satisfied
conditionally during Mode 1 startup, which is automatic up to 10 MW of
reactor power. In Modes 2 and 3, the automatic withdraw requests are
not recognized, and all shim withdrawal is by direct-manual coatrol, In
Mode 1 ~ Run, each withdrawal is initiated with operater permission and
thereafter is automatically controlled. The manual controls serve also

for trimming operations to adjust and balance the plate positions.
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The count-rate system and auxiliary relaying in the safety and servo
systems permit or inhibit control plate withdrawal, or initiate plate
insertion, as required. Other components of the control system itself
automatically regulate plate withdrawal. The matrix is sc arranged that
only those restrictions appropriate to the "Mode" of reactor operation
are effective. Details of the control system functions are presented
below, arranged generally as they are encountered in the operation of
the reactor.

Control system preparation, operating mode selection, and automatic

reactor startup.

1. Key switch (5-1)

Provides administrative control over reactor operation; in
the "Off" position, the key switch prevents all withdrawal of
control plates but does not prevent test withdrawal of the
shim-safety plate drives; also in the "Off" position, prevents
magnet amplifiers from being energized.

2. Mode switch (5-22)
Invokes control actions and restrictions governing reactor

operation, appropriate to the "mode.” ™Mode 1" position is for
intended automatic startup to 10 MW of power (NL), and sub-
sequent automatic progression to and operation at any power
level set into the servo system, up to 100 MW. "Mode 2" posi-
tion is for intended manually-controlled operation, at low
power levels consistent with the conditions of reactor vessel
open or sealed closed, and at least a minimum circulation of
primary coolant. "Mode 3" position is for intended manually-

controlled operation, at power levels permissible with the

reactor vessel open and with no coolant flow.
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Start request pushbutton switch (S-2)

Places the control system in "Start Request” condition,

from which automatic startup or permission for manually-

controlled plate withdrawal will develop automatically as

described below.

Automatic control actions for Mode ! start

ae

When “Start Request” condition becomes effective, the
servo regulating drive motors are turned on, and will
remain on as long as the control system is in "Start
Request,” "Start,” or "Run" condition.

Whenever the reactor is shut down, the demand settings in
all three servo channels automatically proceed to their
minimum levels of 10 MW. Since this value is greater than
the actual powey (0 MW), the error in each servo channel
will request full-speed withdrawal of No. 5 cylinder by
the regulating (platform) drive. When "Start Request”
condition turns on the regulating drive motors, they will,
therefore, withdraw the shim regulating cylinder to the
extent of the limited regulating drive range. A sequence
of contacts representing completion of the above actions
(i.e., three demand settings, three withdraw errors,
"Start Request” in effect, and regulating drive fully
withdrawn), constitutes a permissive circuit condition to
the control system entering "Start™ state.

When the permissives in (b) above are all satisfied, pro-
vided the control system is not in "Run" condition, the
control system will automatically enter "Start” condition;

"Start Request™ then drops out. "Start” condition remains
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in effect until either (a) system enters "Run" condition,
or (b) key switch is turned off.

Effecting "Start” condition initiates automatic group
withdrawal of all plates via their shim drives.

Group withdrawal proceeds continuously, subject to
restrictions from the count-rate and servo systems. At
least two count-rate channels must signal "Confidence.”
"Confidence"” signifies that the count-rate meter is
switched to "Use” mode, the fission chamber is on auto-
matic servo position control, and measured counts are at

a rate greater than 10 n<r second and less thamn 50,000 per
second. At least two servo channels must signal that
power is increasing at a rate less than 5 MW per second.
All three count-rate meters must signal periods greater
than 30 seconds.

Group withdrawal normally continues automatically until
the servo system recognizes a reset flux signal equivélen-
to reactor power of 10 MW. At that point the servo demand
setting is satisfied and the servo motors operate the
regulating drive in the direction to insert No. 5 cylinder.
Consequently, the regulating drive will no longer remain
at its withdraw limit, and the 1limit switch will no longer
grant permission for further plate withdrawal by shim
action. Note that the actual reactor power (heat power)
lags the reset flux, due to action of the reset mechanism
(Section 3.2.5).

Automatic "Reverse” or any manual request for plate in-—
sertion will override all shim withdrawal requests. The
automatic "Reverse” is described under "Automatic Reverse

Features.”
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Plate actuate switch (S—-7), push-pull motion of handle
In "pulled” position, all plate withdrawals by shim drives

are prevented. This feature is provided expressly for manual

interruption of the Mode 1 automatic shim withdrawals, whether
the control system is in "Start” or "Run" condition.

Automatic control actions preparatory to Modes 2 and 3

operation

ae. "Start Request” becomes effective when the pushbutton is
depressed., Although there are no explicit requirements
for any coolant pumps to be in operation to obtain "Start
Request,” it is necessary in Mode 2 to have sufficient
primary loop flow to prevent the safety "Low-Low-Flow™
elements from causing safety trip action.

b. "Start Request"” leads to "Start” condition of the control
system exactly as for Mode 1. 1In "Start" condition, the
control system is prepared for all subsequently manually-—
controlled operation. It is not necessary that the
fission chambers be on automatic control to obtain count-

rate “"Confidence."”

Reactor normal operation above 10 MW in Mode 1.

1.

Run request pushbutton switch (S-3)

Requests transfer of the control system from "Start” to
"Run” condition, preparatory to raising power above 10 MW in
Mode 1.

Automatic control actions preparatory to railsing power above

10 MW in Mode 1

a. Completion of the Mode 1 automatic startup is intended to
satisfy the requirements for transferring to "Run” con-

dition. The requirements are (a) an auxiliary relay in
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each of the three safety channel signals that the channel
recognizes reactor heat power in excess of 5 MW, (b) regu-
lating drive of No. 5 cylinder is not at its with-draw
limit, and (c¢) all three count-rate channels recognize
practically "infinite period.”™ If the above qualifica-
tions are fulfilled, the control system will transfer from
"Start” to "Run" condition when the run request pushbutton
is depressed.

Having entered "Run” condition, the control system will
remain so until any one of the following actions cause it
to drop out: (a) key switch turned "Off;” (b) mode switch
turned to "Mode 2" or "Mode 33" (c¢) "Sag" occurs, whereby
two of the three count-rate channels fail to recognize
core power greater than 300 kW and the heat power auxiliary
relays in twn of the three safety channels fail to recog-

nize core power greater than 5 MW.

Control of power above 10 MW

a.

b.

Power demand instructions are manually set into the servo
system (see "Servo System” description, Section 3.2.5).
Servo system withdraws or inserts regulating drive of No.
5 cylinder.

When regulating drive reaches "Auto Shim Withdraw™ or
"Auto Shim Insert” limits, appropriate group shim action
is requested. Insert requests are always effective.
Withdraw requests can initiate group shim withdrawal only
if the shim computer bypass switch is placed in “Bypass.”

This switch is spring-return to "0ff,"” and need only be
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placed momentarily to the indicated positions to set up a

shim withdraw request latching circuit (relay K-512).

Once initiated, as just described, "continuous” withdrawal

will proceed, subject to temporary interruption by (a) any

manual or automatic insert request, (b) when two servo
channels signal that neutron flux is increasing at a rate
exceeding 5 MW per second, (c) plate actuate switch

“pulled" to block withdrawal, or (d) any one count rate

period shorter than 30 seconds. Such interruptions do not

cancel the latched-in withdraw request, and hence do not
terminate the withdrawal. The withdrawal is normally ter-
minated only by the regulating drive inserting until the

"Auto Shim Withdraw” condition is cleared. The conditions

of servo system requesting withdraw and no per mission

granted via the bypass switch is annunciated.
Shim computer bypass switch (S-18)

Allows operator to enter permission into the control

system for automatic shimming to proceed.
Group servo demand (S-11)

(Described more completely under "Servo System.”)
Plate actuate switch (S5-7)

Push-pull operation handle 1s intended for manual blocking
of automatic shim withdrawal in Mode 1. Blocking is effected
when the handle is in the "pulled" position. Rotary positions
of the handle call for actuation of the shim drives; "Fast
Insert” automatically affects the group of five and "Air Motor
Insert” affects the four shim-safety plates, while the other
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positions affect either individual drives or the group as
selected by the shim rod drive selector switch (S-8), Insert
requests may be made regardless of whether the handle is
"pushed in" or "pulled out,” and take precedence over automatic
shim withdrawal request. Withdraw requests are prevented by a
mechanical stop when the handle is in “pulled” ("block™) posi-
tion. Under normal "Mode 1 - Run" conditions, this switch is
intended primarily for plate position balancing or trimming
operations. The withdraw settings of the switch have no effect
when the control system is in "Mode 1 - Start” condition,
There are no other restrictions oun manual with-draw requests,
except that automatic reverse features always take precedence.
These are described under "Automatic Reverse Features.”

7. Shim plate drive selector (S-8)

Selects the individual plate, plates 1 through 4, or the
entire group of five plates, to be actuated by switch S-7
described above. This switch has no effect when "Fast Insert”
or "Air Motor Insert is requested by switch S-7.

Reactor normal operation in modes 2 and 3. (Control system prepared

as described above, see "Automatic Control Actions Preparatory to Modes
2 and 3 operation.”)
1. Plate actuate switch (S-7)
In addition to the "Block” and trimming operations
described above for Mode 1, switch S-7 is intended to initiate
all normal shim actuations of the plates in Modes 2 and 3.
Since there is no automatic shim withdrawal in Modes 2 and 3,

the “Block" (pulled position) function is redundant. Insert
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requests, by rotary position of handle, are effected without
restriction. Withdraw requests are effective subject to the
following permissives, which are also among those imposed for
Mode 1 automatic startup: (a) all count rate periods greater

than 30 seconds; (b) at least two count-rate channels must

signal “"Confidence;" "Confidence" signifies that the count-rate
meter is switched to "Use” mode and measured counts are at a
rate greater than 10 per second and less than 50,000 per
second; and (c) at least two servo channels must signal that
power is increasing at a rate less than 5 MW per second. “Fast
Insert™ request by the switch affects all five plate shim drives
and "Air Motor Iunsert” request affects all four shim-safety
plates. The other drive actuation requests affect individual
plates or the group of five, as selected by switch S-8.

2. Shim plate drive selector (S-8)

Selects the individual plate, plates 1 through 4, or the

entire group of five plates, to be actuated by switch S-7
described above (i.e., same function as in "Mode 1 - Run").
Switch has no effect when switch S~7 requests "Fast Insert”™ or
"Air Motor Insert.”

Automatic setback. Setback is an automatic reduction in servo power

demand, as described under "Servo System.” The servo system attempts to
satisfy automatic demand reductions in the same manner as manual reduc-
tions, by regulating drive action applied to the No. 5 cylinder.
Supplementary shim insertion is requested when the regulating drive
reaches the "Auto Shim Insert” limit. The "Plate Asymmetry” feature of
the control system initiates setback and locks the demand at 10 MW,

This feature 1s a comparison network which recognizes (a) any quadrant
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plate is withdrawn more than 3.05 cm (1.2 in.) further than any other
quadrant plate, or (b) the withdrawal distance of the shim-regulating
cylinder is more than 6.1 cm (2.4 in,) different from that of any

quadrant plate.

Automatic reverse features: normal speed, by electric shim drive

motors. There are three identical "Reverse Channels” in the control
cystem. When any two request reverse, group shim insertion of all five
plates is initiated, taking precedence over any other requests in the
system. Reverse requests do not seal in, and the reverse action ter-
minates when the initiating condition is eliminated. Each reverse chan-
nel may develop its request in response to either of two conditions:

(a) its associated count channel signals period shorter than 5 seconds,
with control system not in "Mode 1 - Run” condition, or (b) core power
exceeds 110% of nominal limits appropriate to each mode. For Mode 1,
the latter condition is signaled from either of two auxiliary relays in
the associated safety channel, one representing “reset™ neutron flux and
the other representing heat power. For Modes 2 and 3, the first men-
tioned relay represents unmodified neutron flux, and the secoand reluy is
ineffective. Each reverse channel handles the requests from one safety
channel and one count-rate channel, e.g., requests originating in safety
channel No. 1 and counting channei No. 1 enter the control scheme via

reverse channel No. 1.

Automatic reverse features: fast speed, by ailr shim drive motors.

Provision is made for fast insertion of the quadrant plates, independent
of the ac power supply, for two purposes: (a) in the event of a scram
or a latch release of a single plate, the drive(s) are inserted to
retrieve the plate(s) as rapidly as possible, so that xenon poison
buildup will not prevent a restart and (b) in the event of failure of
the main ac power supply, to enable prompt reduction of reactor core

power to a level consistent with the emergency heat removal capability
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of the coolant circulating pumps. When functiouing to retrieve a dropped
plate, the air motors are individually controlled. Insertion is begun
when the clutch switch signals separation of plate and drive and the
seat switch indicates the rod is seated. It continues until the drive
reaches the insert limit. The power reduction function is effected by
group control of the four quadrant plate shim drive air motors. Inser-
tion is initiated when at least two safety channels have flux/flow
ratios in excess of 1,1 and continues as long as this condition holds.
Operation of the air motors is blocked as a group by the raise test
switch (S-9) during test operations of or maintenance on shim~safety
plate drives. The air motors are individually turned off by actuation
of the shim drive clutch switches. Circuit design prevents the air and
elect%ic drive of any plate from opposing each other.

Reactor control system readous and manual controls. Reactor control

system readouts and manual controls are given in Table 3.1.

Plate shim drive test features. Provision is made for testing the

shim—-safety plate drives, with the reactor shut down and with the plates
seated., Shim withdrawal of the cylindrical plate is prohibited when
using the raise-test switch.

Raise-test switch (S5-9)

In "Normal” position, establishes normal comntrol system func-
tions for operation of the reactor; in “Test” position, scrams the
shim-safety plates and permits operation of the shim drive electric
motors to be manually controlled by the shim plate actuate switch
(S-7) and the shim plate drive selector switch (S-8). Changing the
ralse~-test switch from "Test"” to "Normal” position will also initiate
fast (air motor) insertion of any shim-safety plate drive that is
withdrawn. Test operation of the drives 1s restricted in either
direction only by their travel limit switches; test withdrawal is
prohitited unless the plate is seated and the seat switch made up.



Table 3.1. Reactor control system readouts and manual controls

ltem

Description

Location

Remarks

*Key switch (S-1)

*Mode select switch (S5-22)

"Start Request” - Integral
pushbutton switch (S-2) and
lamp

"Start™ Lamp

*"Servo On" Lamp

"Run” - Integral pushbutton
(S-3) anc lamp

Shim plate drive selector
switch (S-8)

Console

Console

Console

Console

. Console

Console

Console

Main administrative permit for reactor
operation

Select control features and safety
criteria appropriate to: (a) Mode 1 -
normal operation; (b) Mode 2 — test
cperation, reactor vessel closed; and
{(¢) Mode 3 - tes: operatinn, rveactor
vessel open N .

Switch prepares ~:nirel gy:ztem Y4r oper—
at'on in any moge; Initiates automatic
startup in mode 1. Lamp glows while
request is I1n effect, before system
actually enters "Start" condition

Glows to indlcate that control system 1s
in "Start” condition

Glows to indicate that the No. 5 cylinder
regulating drive servo motors are turned
on, ready to respond to servo channel
signals

Switch requests control system to enter
“"Run” condition; lamp glows when "Run”
condition 1s reached

Switch selects any one, shim drives 1-4,
or the entire group of five shim drives,
to respond to actuating switch (Item 8)
requests

HZ-¢



Table 3.1.

(Coutinued)

Description

Location

Remarks

10

11

12

13

14

Shim plate drive actuator
switch (5-7)

*Ralge-test switch (S-9)

Plate drive position dial
indicators (5)

Plate insert and withdraw
limit lights - one pair

for each plate

*Plate seat lamps - one for
each of plates 1-4

*Plate clutch lamps - one
for each of plates 1-4

Shim computer bypass switch
(5-18)

Consgole

Console

Console

Console

Console

Console

Console

Switch handle rotary motion (in pushed-
in position) actuates plate drives
selected by selector switch (Item 7).
With handle in pulled-out position,
switch blocks all plate withdrawals

In "Test" scrams reactor and permits
manually controlled test withdrawal of
plates No. 1 through 4 (quadrant) drives
(plates remain seated)

Each indicates inches withdrawn from
full-insert position of respective plate
drive., Two pointers, one each for
coarse and fine scales; one complete
revolution of fine pointer represents
one inch of travel

Indicator lamps glow when respective
travel limits are reached by plate
drives

Indicator lamps glow when respective
plates are seated

Indicator lamps glow when tespective
plates are released from drives (i.e.,
de-clutched)

Permits automatic shim withdrawal to be
initiated

G¢-¢



Table 3.1. (Continued)
Item Description Location Remarks
5  Annunciator points
A) Reverse: No. 1l Channel Ann, Panel B Point 3  See Volume 2, Section 2.4., Annunciator
B) Reverse: No. 2 Channel Ann., Panel C Point 3 Procedures
C) Reverse: No. 3 Channel Ann, Panel D Point 3
D) Shim request, no permit Ann, Panel C Point 1
E) Plate Asymmetry Ann, Panel C Point 10
F) ac control bus power off Ann. Panel C Point 19

*1tems have safety or servo system functions as well as the indicated control functions; safety

and servo functions are described under "Safety System" and "Servo System.

9¢-¢
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3.2.5 Servo system

The three independent servo channels together provide the primary
automatic control of reactor power at levels above 10 MW. Each functions
essentially as a proportional controller, comparing measured power with
demand and developing a servo motor shaft output of speed and direction
corresponding to the difference or "error.” The servo motor outputs are
combined through differential gears, and the resultant motion directly
applied to the regulating drive of the No. 5 shim-regulating (cylindri-
cal) plate. Continuous, fine, fast-response adjustment of core reac-
tivity is thus obtained. Limit switches on the regulating drive sense
requirements for reactivity changes greater than the amount available
from the servo system, and signal these needs to the control system.

At reactor power levels considerably below 10 MW, the servo system
measurement functions are "blind," or not sufficiently accurate for
control purposes. Consequently, all reactivity changes in the 0 to 10
MW range are affected by shim action only, under control of the counting
channels and control system. The servo system meanwhile automatically
holds the regulating drive of No. 5 cylinder in its fully withdrawn
position.

Each servo channel also continuously compares its reactor power level
measurement with a flow—-derived signal representing the heat removal
ability of the primary coolant system. Should the primary coolant cir-
culation be curtailed to the extent it cannot support the reactor power’
level, the servo system will immediately initiate power reduction to
safe levels. Under conditions of severe coolant deficiency, e.g., main
ac power failure occurring during reactor operation at high power, the
safety system will call upon the fast—-insert air motors of the shim-

safety plates to expedite the required large scale power reduction. The
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reductions in all cases must be sufficiently rapid to avoid safety scram
action by the flux/flow ratio elements (see "Safety System™).

Additional details of the servo system operation, including several
auxiliary control functions, are presented below, and in Figs. 3.5 and

3.6.

Power demand signals. Separate potentiometers, one for each servo

channel, develop the normal demand signals. The potentiometers are
motor driven, the motors being controlled manually from the console.

The demand signal voltages are indicated at the console on scales cali-
brated to demand megawatts. Three "setback” conditions, described below,
will cause the potentiometers automatically to be driven toward their
minimum demand positions., The maximum demand setting is 100 MW, the
nominal capability of the reactor. The minimum setting is 10 MW, a
level far above that permitted during manually controlled operation in
Modes 2 and 3; 10 MW is also the level at which automatic startup in
Mode 1 terminates.

The first of the setback provisions is expressly to terminate auto-
matic startups (Mode 1) at 10 MW. Accordingly, a single relay requests
setback for all channels whenever the control system is not in "Mode 1 =~
Run"” condition. The control system also initiates setback when it recog-
nizes "plate asymmetry"” condition. This condition terminates at 10 MW.
Finally, each servo channel automatically reduces only its own demand
setting whenever the demand signal exceeds the indicated heat removal
ability of the primary coolant system. All of the setbacks except asym-
metry terminate when their initiating cause is removed, or when the

demand potentiometers reach their 10 MW (minimum) settings.
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Under conditions of primary coolant flow deficiency, special cir-
cuitry in each channel brings about the required power reduction in
advance of the above-described setback action. This circuitry causes
the signal representing heat removal capability to take immediate pre-
cedence over the normal demand potentiometer output, whenever the capa-
bility is less than the demand. The coolant capability signal then
becomes temporarily the effective demand, resulting in a large “error”
signal and prompt servo and control response to reduce the reactor
power,

Group servo demand switch (S—-11) controls as a group three small
motors, one for each channel, which position the demand potentiometers.
"Raise” position increases demand and "Lower" decreases it. Automatic
reductions of demand, or "Setbacks,”™ take precedence over raise requests
by this switch.

Individual channel servo demand pushbutton switches (S-4A and S-4B
for channel A; S-5A and S-5B for channel B; and S—6A and S-6B for chan-
nel C) actuate the potentiometer positioning motors individually in the
same manner and subject to the same restrictions as the group servo
demand switch (S-11). These momentary contact “Raise” and "Lower"”
switches are intended for trimming the individual demand settings in
order to obtain exact agreement among the channels,

Measurement signals. Power level, power rate-—-of-increase, and

coolant flow: The reactor power signal of each channel originates as
current in an uncompensated lonization chamber (Fig. 3.7), proportional
to neutron flux. Each servo chamber shares the same housing with the
dual safety chamber of corresponding channel number, but is otherwise

independent. The "raw"” flux current signals are introduced into flux
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"conditioners,” each of which modifies the signal in two ways and ampli-
fies it to the level required for the various applications in the chan-—
nel. The final, corrected output of each flux conditioner is called
“"Reset Flux."

The major correction to each flux signal in Mode 1 consists of a
continuous calibration against an accurate heat power measurement., This
is necessary to offset wide variations in the relationship between
measured flux and actual core power. The variations are mainly a con-
sequence of gradual changes in neutron flux distribution over the core
volume, due to fuel burnup and poison accumulation. A slow-response
servo system in each channel continuously compares the flux amplifier
output signal with the output of a heat power computer and effects
agreement between the two signals by causing an electronic device to
change the flux signal amplification factor. In Mode 1, the device is
driven automatically in the direction to realize maximum amplification
when the reactor power level is below the range in which the heat power
instrumentation has good accuracy, in order that the servo channels may
always have maximum sensitivity when they begin to exercise control
during a startup,.

A secondary correction to each flux signal is for afterheat, neces-—
sary mainly during rapid, large scale power reductions. Under those
conditions, the lag in reduction of gamma heating may cause power from
that source to assume temporarily a large proportion of total power
generated in the core. The flux amplifier, responsive only to neutron
flux, would then provide an output signal much smaller than necessary to
represent true core power. Eventually the heat power correction would
take effect but, without afterheat correction, the servo channels would
meantime attempt to hold the actual core heat power at levels higher
than the demand. When the rapid demand reduction is for reasons of

cooling curtailment, such interim excesses of generated power could
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cause damage in the core by overheating., The afterheat correction is
applied as a supplementary signal, developed in a special delay network
and added directly to the chamber signal at the flux amplifier.

Process instrument systems 100-4, 100-5, and 100-6 provide the heat
power and flow signals for channels A, B, and C, respectively, as shown
in Fig. 3.8. Each of these systems derives primary coolant flow infor-
mation from a separate differential pressure measurement across the com-
men Venturi, FE-100. Temperature rise across the core is determined
from gas bulb temperature elements In the core inlet and discharge
lines. All of the information is handled pneumetically, and the final
output signals are converted to dc electric form for use in the servo
channels. These systems are discussed in greater detail inm Section 3.3.

A reactor power rate—of-increase signal is derived by means of a
differentiating network.

Regulating action of plate No. 5. The speed of the shaft output

applied by the servo motor of each channel to the regulating drive is
proportional within limits to the “error,” or difference between demand
and "Reset Flux” signals. Maximum speed of each servo motor is achieved
when the error is two megawatts or greater. All three servo motors
operating at maximum speed in the same direction will cause the regu-
lating drive to move at the rate of 38 cm (15 in.) per minute.

When one channel fails to a servo motor runaway condition, the
runaway speed is limited by the motor characteristic. The servo motors
of the other two channels will override the runaway easily. When one or
two channels fail so that their servo motors are entirely stopped, the

remaining channel(s) will continue to regulate but the response of the
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servo system will be correspondingly slower. The arrangement of the
gears that combine the servo motor actions is such that there is no
backfeed to an idle servo motor from the other two.

Limit switches and relays prevent the servo motors from attempting
to position the regulating drive above or below its normal travel range.

When the rate circuit of any channel recognizes that reactor power
is increasing faster than 5 MW per second, operation of the servo motor
of that channel is blocked in the withdraw directionmn.

Other control output actions. The travel span, or stroke, of the

regulating drive is restricted to about 1l in. by limit switches and
mechanical stops. Adjustable "auto shim insert™ and "auto shim withdraw™
position switches initiate requests for shim action; shim withdrawal
when the regulating drive has withdrawn beyond about 1/2 in. from its
fully inserted limit, or shim insertion when the drive has inserted to
within 1/10 in. of its fully inserted limit.

Relays driven from the channel-rate circuits are arranged so that
when any two channels recognize that reactor power 1s increasing faster
than 5 MW per second, group automatic shim withdrawal is prevented.

The error signals in the servo channels are used in a control scheme,
described under "control system.” Maximum withdraw error in all three
channels 1s required for the control system to enter "start" conditioms.

Table 3.2 lists servo system readouts and manual controls,



Table 3.2, Servo system readouts and manual controls

Item Description Location Remarks
1 Recorder: 2 pen: Panel B XOR reads "Reset Flux" scaled in percent of
XOR 100-4 100 MW (same Ffor all modes)
XWR 100-4
Recorder: 2 pen: Panel C XWR reads "Heat Power” scaled in percent of
X@R 100-5 100 MW
XWR 100-5
Recorder: 2 pen: Panel D
X@R 100-6
XWR 100-6
Recordexr: 1 pen: Panel E TdR reads temperature difference between
2 TdR 100-4 reactor inlet and outlet coolant water, in °F
Recorder: 1 pen: Panel E
TdR 100-5
Recorder: 1 pen: Panel E
TdR 100-6
3 Meter module: heat power 1 eacg, Panels B, Instrument reads heat power in percent of 100
indicating instrument C, D MW (see Item 1, XWR)
4  Flux amplifier and chamber 1 eacg, Panels B, 1Instrument reads "Reset Flux” scaled in per-
voltage supply module: c, D cent of 100 MW (no change for modes 2 and 3)

reset flux indicating
instrument

Le-¢



Table 3.2. (Continued)
Item Degeription Location Remarks

5 Flux reset module: 1 eacg, Panels B, Instrument reads “"relative” flux amplifica-
a) Reset galn indicating ¢, D tion factor to a scale of 1 to 1.33, which

instrument is same in all modes. Maximum and minimum
b) Maximum gain indicating gain lamps are energized by limit switches

lamp (amber) at the extremes of the reset servo travel
¢) Minimum gain indicating

lamp (amber)

6 Meter module: Servo motor 1 each, Panels B, Instrument indicates velocity of regulating
speed indicating c, p¥ drive servo motor for associated channel.
instrument (Same as Item 15)

7 Servo demand drive unit 1 each, Panels B, Tnstrument indicates reactor power demand
module: demand indicating C, D potentiometer setting for assoclated
instrument channel. (Same as Item 13)

8 Fast trip comparator module 2 each, Panels B, Lamps (A) and (B) are 1lit to indicate condi-

" a) "Normal"” indicating

auxiliary control c, p*

lamp when demand
b) “Trip"” indicating lamp exceeds flow

c¢) Trip "Lateh” indicating slgnals
lamp (2) Inhibit all

d) Latch "Reset” push- plate withdraw-
button als when reactor

e) "Trip" test,
screwdriver actuated
switch

rate exceeds
5 MW/s

(1) Demand rundown

power increase

tion existing. Lamp (C) follows lamps (B)
and pushbutton (D) has no function, since
the comparators do not latch in the applica-
tion.
a quick test of the comparator ability to
develop the "trip" output signal

Test switch (E) 1s intended to provide

15 Mt



" “Table 3.2. (Continued)

Item Description Location Remarks
9 Recorder: 1 pen: RG 422 Panel C Reads position of platform drive of No. 5
(cylindrical) control plate
10 Recorder: 1 pen: Panel C Not 1in use
XPR-100-7-AK
11  Group demand control Console Raises or lowers demand setting, simul-
switch (S-11) taneously in all three servo channels
12 Individual channel demand Console Ralse or lower demand of individual servo
control pushbuttons: channe:l (primarily for trimming or testing)
S—-4-A: Channel A, Raise
$-4-B: Channel A, Lower
S—-5-A: Channel B, Raisge
5~5-B: Channel B, Lower
S-6~A: Channel C, Raise
$-6-B: Channel C, Lower
13 Demand indicating Console (three Each instrument indicates reactor power
instrument instruments: one  demand potentlometer setting for associated
each channel) channel, (Same as Item 7)
14 Demand limit lamps Console (three Each lamp glows when travel limit is reached
a) Upper pairs of lamps; on associated demand potentiometer
b) Lower one palr for each
channel)
15 Servo motor speed Cousole Each instrument indicates velocity of regu-

indicating instrument
Channel A (1)
Channel B (1)
Channzl C (1)

lating drive servo motor for assoclated
channel. (Same as Item 6)

6€-¢



Table 3.2. (Continued)

Iten Description Location Remarks
16 Regulating drive position Comsole Instrument (A) indicates position of plate
indicators: No. 5 regulating drive, and lamps (B) or (C)
(A) Indicating instrument glow when drive travel limits are reached

(B) Insert limit lamp
(C) Withdraw limit lamp

17 Chamber position adjust- Poolside (see Fig. Position chambers so that chamber response to
ment handwheels (3) 3.9) range of neutron flux intensity is within
correction span of flux reset device
18 "Servo On" 1amp** Console Glows when servo drives are turned on, ready

to respond to servo channel signals

*Modules are located in servo section of each panel, in the drawers designated "R" (similar
modules appear in the safety and count sections, as described in Tables 3.3 and 3.4). Items listed
are on front panels of modules; additional test and calibration facilities are inside modules or
drawers, and are described in the maintenance procedures,

**s1s0 listed under “"Control System,” in Table 3.1.
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3.2.6 Wide-range counting system

The wide-range counting system consists of three independent channels
which develop neutron flux information from fission chambers, primarily
to control the reactor during startup. The control actions are to pro-
hibit shim plate withdrawal when the power increase period is shorter
than 30 s and to initiate reverse at reactor power levels below 10 MW
when the period becomes less than 5 s. Automatic positioning of the
chambers enables the system to monitor and provide readout of reactor
power and period from source level to maximum power of the reactor,
about 10 decades. The system elements are illustrated in Fig. 3.10.
Table 3.3 lists system readouts and manual controls.

The fission chambers for each channel are located with their posi-—
tioning servo drives in separate thimbles at the bottom of the reactor
vessel. Raw pulse information from each chamber is initially screened
by a pulse height discriminator, and the "fission pulses” counted on a
conventional scaler. The pulses thus selected are then converted to two
signals, one linearly proportional to count rate and the other propor-—
tional to the logarithm of count rate.

The linear signal enters the chamber—positioning servo system where
it is compared to an adjustable reference signal. The reference signal
represents some desired pulse measurement rate; the difference between
the measured and reference signals ("error™) instructs the servo to
insert the chamber to a positlion of greater exposure or to withdraw it
to a more shielded position as required to minimize the error. Thus,
the servo system attempts to position the chamber so that it will count

at a coustant rate, usually adjusted for 10,000 counts per second,
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Table 3.3. Count~rate system readouts and manual controls
Item Description Location Remarks
1 Recorder: 1 pen Panel B Reads reactor power scaled in percent of 100
RLR 100-1 M4 (same as Item 3)
Recorder: 1 pen Panel C
RLR 100-2
Recorder: 1 pen Panel D
RLR 100-3
2 Recorder: 1 pen Panel B Reads period in seconds (same as Item 6)
RTR 100-1
Recorder: 1 pen Panel C
RTR 100-2
Recorder: 1 pen Panel D
RTR 100-3
3 Power indicating 1 each, Panels B, Reads reactor power, scaled in percent of 100
instrument ¢, D MW (same as Item 1)
4  Log count-rate indicating 1 each, Panels B, Reads uuncorrected log count rate scaled in

instrument

Chamber positioning
indicating instrument

Period indicating
instrument

C, D
1 each, Panels B,
¢, D

1 each, Panels B,
¢, D

counts per second

Reads chamber position to scale of 1 to 7 ft
withdrawal distance from fully inserted
position

Reads reactor period (same as Item 2)
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Table 3.3. (Continued)

Item Deseription Location Remarks

Each pushbutton removes associated fission
chamber from automatic servo position con-

7 “"Channel Test” pushbuttons 1 pair each,
(A) "In" Panels B, C, D

(B)

"Ol.lt"

8 Scaler Assembly

1 group each,

trol, “In" pushbuttons cause chambers to
insert; “Out" pushbuttons cause chambers to
withdraw

Decade scaler (F) counts those outiput pulses

(A) Clock B, C, D from the pulse amplifier which are above

(B) Clock "Start” "Trigger Level" (J) setting when the
pushbutton “Operate” and "Gate On" condition exists.

(C) Clock "Stop” "Gate On" is determined by manual or timer
pushbutton control. For manual control, the "Start"

(D) Power "On-Off" (G) and "Stop" (H) pushbuttons are used. For
switch timer control, clock "Start" (R) and "Stop"

(E) "Gate On" lamp (C) are used; however, if not stopped man-

(F) Decade Scaler ually, the clock will run out the time

(G) Scaler "Start” initially set in. Clock (A) and Scaler (F)
pushbutton are both reset by the "Reset pushbutton (I),

(Hd) Scaler "Stop" the clock to its preset interval of up to
pushbutton 9999 s. Clock settings may be obtained by

(I) "Reset" pushbutton dial controls inside its case, when the clock

(J) "Trigger Level" set—operate switch (L) is ian set position.
adjustment A 60-cps test pulse rate signal is substi-

(X) “Operate-Test" tuted for the pulse amplifier output when
switch the "Operate-Test” switch (K) is in "Test”

(L) Clock set-operate

switch

Sh-¢
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Table 3.3. {(Continued)
Item Description Location Remarks
9 Pylse amplifier and 1 each, Panels B, Controls are for malntenance calibration and
count-rate meter c, D test of count channels. Selectar switch (A)
module: in "Operate" sector sets input pulse attenua-
(A) "Operate-Calibrate—~ tion, in accordance with chamber character-
Off" selector switch isties. In the "Calibrate™ sector, various
(B) "Calibrate” lamp switch positions substitute a 10 cps or a
(C) "PHS" adjustment 10,000 cps test signal input to the ampli-
fier, or permit a period test signal to be
introduced directly to the period cilrcuitry
(via pushbutton inside drawer W~1). Also
when switch (A) is in calibrate section,
lamp (B) glows and control "Count-Rate Confi-
dence"” is interrupted. "PHS" adjustment (C)
determines the minimum height of pulses which
are to be counted
10 Fast trip comparator 6 each, Panels B, Lamps (A) and (B) are lit to indicate condi-
module-auxiliary c, D tion existing. Lamp (C) follows lamp (B)
control: (1) Count rate and pushbutton (D) has no function, since
(A) "Normal” indicating less than the comparators do not latch in this applica-
lamp 10 eps (no tion. Test switch (E) is intended to provide
(B) "Trip™ indicating confidence) a quick test of the comparator abllity to
lamp (2) Count rate develop the "trip" output signal
(€C) Trip "Latch” greater than
indicating lawmp 50,000 cps
(D) Latch "Rese:" (no confidence)
pushbutton (3) Reactor power

(E) "Trip" test, screw-
driver actuated

switch

less than 300 kW
(no "Run" permit-

sag)

(4) Period less than

100 s, positive

(no "Run" permit)



Table 3.3.

(Continued)

Item

Description

Location

Remarks

11 Linear count-rate meter
module:

(4)
(B)

"Counts per Second"”
indicating instrument
"Range™ selector
switch

12 Fission chamber position
controls and readouts:

(4)

(8)
(C)
(D)
(E)

Fission chamber
auto-manual drive
switches:

S-12: Channel A
S-13: Channel B
S—14: Channel C
Position indicating
instruments (3)
"Insert Limit"
lights (3)
"Withdraw Limit"”
lights (3)

"Auto" control

lights (3)

(5) Period less
than 30 s,
positive (no
withdraw per-

mit in "Start")

(6) Period less
than 5 s,
positive
(reverse, in
"Start”)

1 each, Panels B,
c, D

Console: 1 each
of elements A, B,
C, D, and E for
each channel

Instrument (A) reads uncorrected count-rate,

scaled 0 to 1 times multiplier opposite
"Range” switch (B) pointer

Handles of switches (A) are spring return to

central rotary position, Pulling out handle
removes automatic control; handle rotation
in pulled-out position initiates insert or
withdrawal of chamber. Instruments (B) read
chamber positions in feet withdrawn from full
insert. Limit lights (C) and (D) glow when
respective limits are reached, Count-rate
confidence is interrupted when handle of
switch (A) is pulled out, in Mode 1 only.
Lamp (E) glows when corresponding switch (A)
handle is centered and pushed in

L9-¢



Table 3.3.

(Continued)

Item

Description

Location

Remarks

13 Annunciator points

(4)
(B)
()
(D)
(E)
(F)

5-s period, CR

Channel A
5-s period, CR
Channel B
5-s period, CR
Channel C
CRM trouble, CR
Channel A
CRM trouble, CR
Channel B
CRM trouble, CR
Channel C

Ann. Panel B,
Point 6

Ann, Panel C,
Point 6

Ann,., Panel D,
Point 6

Ann, Panel B,
Point 17

Ann, Panel C,
Point 17

Ann, Panel D,
Point 17

See Volume 2, Section 2.4,
"Annunciator Procedures”

Any one or more of the following conditions:
(a) In Mode 1 only, chamber drive not on
"Automatic,"” i.e., switch handle S-12, S-13,
S-14 not <entered and pushed in; (b) count-
rate meter "Operate—Calibrate-0ff" switch
not in "Operate,” i.e., not in "Use” per
control block diagram; (c) count rate less
than 10 ecps; and (d) count rate greater
than 50,000 cps

8-t
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Fission chamber position information in each channel is converted to
a voltage which is used to correct the log count—rate signal for flux
attenuation at the chamber. The corrected signal, after proper calibra-
tion of the chamber position compensating network, is proportional to
the logarithm of the actual neutron flux of the reactor.

The uncorrected log count-rate signal in each channel operates two
relays whose contact closure in the control system represent confidence
(a) that the channel is measuring an accountable neutron flux, i.e.,
more than 10 counts per second, and (b) that the chamber is not subject
to such a high flux intensity that the measuring and counting system
cannot resolve the individual pulses, i.e., count rate within 50,000
counts per second. The position—corrected log count-rate signals in the
three channels operate the "Sag” relays, whose contacts cause the control
system to drop out of "Run" condition when the flux goes below the level
corresponding to 300 kW of power. The corrected signals drive the log
count—-rate recorders, and also are further processed to obtain the reac-
tor period signals. The perlod signal of each channel drives the chan-
nel period recorder, and operates three relays whose contacts are in the
control system: (a) "Period Infinite,” which condition is required to
proceed to "Run” condition, (b) “Period greater than 30 s,” required for
shim rod withdrawal at all times, and (¢) "Period less than 5 s,” which
initiates reverse in start condition. The actual contrcl actions just
mentioned are effected only in response to combinations of individual
requests for conditions (a) and (¢) and individual request of condition
(b), some originating in the safety, servo, and control systems. These

combinations are described under “"Control System."”
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Fission chamber drive controls (S-12, S-~13, S$-14 for Channels 1, 2,

3, respectively. Push—-pull and rotary motiocn of switch handles; rotary

motion only when in handle pulled-out positlon. Pushed-in position per-
mits normal servo control of chamber position; pulled—out position dis-—
connects servo amplifier from servo motor. Rotary operation of switch
handle (when pulled out) provides direct manual control of fission
chamber drive motor. Springs provide automatic return to center of
rotary motion. The switches are intended for use in tesiing and cali-
brating the counting channels, and to withdraw chambers from regions of
damaging flux intensity in the event that a servo system malfunction
attempts to insert the chamber.

Monitoring, testing, and calibration. The coatrols and readouts in

the count channel section of panels B, C, and D facilitate monitoring of
the count channels performance, and include integral test and calibra-
tion gear.

Basic count-rate information is obtained from the pulse amplifiers
output via decade scaler arrangements for each channel., This permiis
the scalers to count the same pulses which are supplied to the linear
and 1-; count-rate meters. Each scaler may be gated to count for
indefinite periods by means of its direct "Start” and "Stop"” pushbutton
switches, or for any desired interval up to 9,999 s by means of an auto-
matic timer, The clock "Start™ pushbutton initiates each timer cycle,
which will then run its preset duration unless interrupted by the clock
"Stop™ pushbutton., The scaler is reset to 0 and the timer to its preset
interval value by means of the scaler "Reset” pushbutton. A control
knob adjacent to the clock must be depressed and rotated one quarter
turn clockwise to free the timer adjustment dials, prior to setting the
timer cycle duration. The "Gate On” lamp glows whenever the scaler

input has been opened to accept pulses, either by manual or timer
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switching. The "Trigger Level” adjustment determines the minimum
veltage level of pulses to be counted, usually above background and
below the normal level of the standardized pulses generated by the pulse
amplifier. An "Operate—-Test" switch substitutes a 60 count per second
test signal at the gate input. The scaler and clock assembly may be de-
energized by the "On—-0ff" switch.

An array of indicating instruments summarizes the operqying condition
of the reactor and the count system. These include, for edéh channel:
(1) reactor power, representing log count-rate corrected for chamber
position, and duplicating respectively the reactor power recorders RLR
100-1, ~2, and ~3; (2) uncorrected log count-rate; (3) chamber position;
and (4) period, duplicating respectively period recorders RTR 100-1, -2,
and -3.

Located with the foregoing array are the “channel test™ pushbuttouns,
"In" and "Qut.” While depressed, each removes control of the associated
chamber from its servo and initiates insertion or withdrawal of the
chamber directly. Response of the readout instruments to chamber motion
is of interest, as described in Volume 2.

An "Operate-Calibrate-Off" selector switch is provided in conjunction
with each pulse amplifier and count-rate weter. In the "Operate" range,
the switch may be set to attenuate incoming pulses by whatever factor
necessary to accommodate the chamber and preamp characteristic. In the
"Calibrate” range, the output of either a 10~ or a 10,000-cps oscillator
is substituted for the chamber preamp pulse signal; alternatively, a
circuit is completed whereby a simulated 5-s period signal may be intro-
duced directly to the period measuring element, The "Calibrate” lamp
glows when the selector switeh is in "Calibrate” range. With the switch
in either “Calibrate" range or "Off" position, "CPM Trouble" annunciation
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appears and the count-rate confidence chain is broken. The "Pulse
Height Selector™ adjustment next to the selector switch determines the
minimum level of pulses acceptable for neutron counting; this control is
adjusted to discriminate between fission energy pulses and those due to
lesser ionizing events.

A linear count-rate indicating instrument is provided. It reads
directly the output of the linear count-rate clrcuit, the same signal
that is used by the chamber positioning servo. A range switch is pro-
vided adjacent to the instrument, and a "time constant” switch inside
the module. The latter allows the instrument response to be smoothed at
times when the count rate is low. This instrument is intended for use
in Mode 2 and Mode 3 operation, to facilitate fine control adjustments.

Other readouts and controls are summarized in Table 3.3.

3.2.7 Safety system

Each of the three identical, independent channels of the safety sys—
tem measures and analyzes core flux and primary coolant flow, temperature,
pressure, and radiation to determine the existence of potentially unsafe
conditions. The primary output of a single channel is current from four
magnet amplifers to four magnet coils, one each in the scram latch
assemblies of the four outer, shim-safety plate drives. On recognition
of any of several scram conditions, a channel will turn off the current
in its associated magnet coils (Fig. 3.11) by control of the magnet
amplifiers., Scram condition obtuins when two or three channels simulta-
neously turn off coil current, releasing the armatures in all four shim-
safety plate’ latches from their magnets. The plates in turn are
released from the drive assemblies, Springs accelerate the insertiom of
the four plates during their initial travel, and thereafter the acceler-
ation 1is by gravity alone. Withdrawal of the shim-regulating cylinder



LOAD

Fig. 3.11.

-—— ARMATURE

ORNL-LR—DWG 60099

FLUX

YOKE

v

~
d

/
K/ ARMATUREL

—

e

L
P

ﬂ
l(
//

/

/’//

SHUNT

Coincidence magnet.

1
EXCITATI

2
ON

3 COILS

gc-t



3-54

is prohibited when scram is in effect., The safety system functions are

shown in Fig. 3.12, Table 3.4 lists system readouts and manual controls.
The safety system process and nuclear measurements are described

below, in association with the safety scram criteria. Further details

are given under "Process Instrumentation," in Section 3.3, and in Fig.
3.8. The "raw" process information is ultimately combined and/or
reduced to voltage signals representing the reactor conditions of
interest., These signals are fed to the comparator elements, each of
which determines by comparison with a reference signal whether one par-
ticular variable is within a prescribed limit. The reference signals
are coustant dc voltages except in the flux/flow ratio comparator ele—
ments, where flux and flow signals are compared.

Seven comparator elements in each channel are specially connected

to initiate fast scram request. In this application, each comparator

develops a dc output signal of -10 V when the monitored condition is

"normal.” When the condition changes to beyond tolerance, the compara
tor output changes instantly to O V dc. The latter signal constitutes
a fast scram request, which does not latch. Panel lights describe the
condition of each comparator to identify the origin of any fast scram
request. Auxiliary relay contacts in the comparators actuate the scram
request annunciators.

A logic "OR" network in each channel accepts all of the fast scram
comparator output voltage signals for that channel, and turns off the
four associated magnet amplifiers when one or more comparators request
scram. Auxiliary relays sense the outputs of the three "OR" networks;
when any two channels request scram, the relay contacts prohibit shim
withdrawal of the No. 5 shim~regulating cylinder. The withdraw-prohibit

relays latch after a scram request, and must be reset.
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Table 3.4. Safety system readouts and manual controls

Item Description Location Remarks
1 Recorder: 2 Pen: Panel B XPR reads "Reset Flux" scaled in % of
X¢R 100-~1 reactor rated power for the operating
XWR 100~1 Modes 2 and 3, reading is acutally un-
. corrected flux)
Recorder: 2 Pen: Panel G XWR reads "Heat Power” scaled in % of
X@R 100-2 100 MW
XWR 100-2
Recorder: 2 Pen: Panel D
X¢R 100~3
XWR 100~3
2 Recorder: Z Pen: FR reads "Flow" of primary coolant in %
FR 100-1 Panel B of 1.26 m3/s (20,000 gpm)
X(g/F)R 101-1 Panel B X(@/F)R reads flux/flow ratio in Mode 1

only; Modes 2 and 3 it reads flux to
scale of fraction of rated power for the

mode
Recorder: 2 Pen:
FR 100-2 Panel C
X(®/F)R 100-2 Panel C
Recorder: 2 Pen:
FR 100-3
X(@¢/F) 100-3
3 Recorder: 1 Pen: Panel B TR records reactor inlet temperature of
TR 100-1A primary coolant, in °F
Recorder: 1 Pen: Panel C
TR 100-2A
Recorder: 1 Pen: Panel D

TR 100-3A
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Table 3,4. (Continued)
Item Description Location Remarks
4  Recorder: 1 Pen: Panel E TR records reactor outlet temperature of
TR 100-1B primary coolant, in °F
Recorder: 1 Pen: Panel E
TR 100-2B
Recorder: 1 Pen: Panel E
TR 100-3B
5 Magnet control amplifier 4 each, Panels “Test" switch simulates input scram
module: B, C, D request signal, which drives output
(A) Output current meter to (near) 0. “Magnet Current” adjust-
(B) "Test" switch (screw- ment sets running current to magnet.
driver actuated) The four magnet amplifiers of each
(C) "Magnet current” adjust channel each supply one of the three
(screwdriver actuated magnet coils in one of four shim plate
potentiometer) latches
6 Meter module: 1 each, Eanels Instrument reads heat power in % of 100
Heat power indicating B, C, D MW (see Item 1, XWR)
instrument
7  Flux amplifier and chamber 1 each, Panels Instrument reads "Reset Flux" scaled in
voltage supply module: B, C, D % of reactor rated nower for the opera-
Reset flux indicating ting mode (in Modes 2 and 3, reading is
instrument actually uncorrected flux; see Item 1,
XPR)
8 Flux reset module: 1 each, Panels Instrument reads "relative flux amplifi

(A) Reset gain indicating
instrument

(B) Maximum gain indicating
lamp (amber)

(C) Minimum gain indicat-
ing lamp (amber)

B, C, D

cation factor to a scale of 1 to 1.33,
in Mode 1 operation; reset mechanism is
not effective in Modes 2 and 3; so
reading 1s of no significance then.

Maximum and minimum gain lamps are ener-
gized by limit switches at the extremes
of the reset servo travel
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Table 3.4. (Continued)

Item Description Location Remarks

9 Neutron flux measurement 1 each, Panels Voltage monitor test pushbutton (D) simu-

ionization chamber: B, C, D
Voltage monitor and test
unit module:

(A) Chamber voltage “"normal”
indicating lamp (green)

(B) Chamber voltage "low"
indicating lamp (red)

(C) Chamber voltage low,
"latch"” indicating lamp
(amber)

(D) Chamber voltage monitor
"Test" pushbutton

(E) Chamber voltage low,
latch, indicating lamp
"reset” pushbutton

(F) Chamber output current
simulator "test” push-
button

(G) Chamber output current
simulator "adjust"”
vernier control

10 Failed fuel element 1 each Pgnels
detector module: B, C, D

Meter Indicating Radiation
in Coolant Discharge from
Reactor

lates low chamber voltage condition, in
order to test monitor. Lamps (A), (B),
(C) are 1it to indicate condition
existing, "Reset"” (E) extinguishes lamp
(C), after chamber voltage is restored
to normal. Chamber output current simu-~
lator "Test” pushbutton (F) adds a volt-
age signal to the flux amplifier output.
The magnitude of the signal is adjust-
able by means of the "Adjust" vernier
(G). Controls (F) and (G) are intended
for use in calibrating and checking
other safety system elements that
respond to chamber signals, The signal
range of the vernler corresponds to Mode
1 operation, and the sensitivity of
adjustment is somewhat coarse in rela-
tion to the low power modes, 2 and 3

Reads beta and gamma radiation from water

in core discharge line
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Table 3.4. (Continued)

Item

Description

Location

Remarks

11 Fast trip comparator
module—-scram request;

(a)

(8)
(©)

(D)
(E)
(F)
(G)

(1)
(1)
(3

"Normal” indicating
lamp

"Trip" indicating lamp
Trip "latch" indicating
lamp

Latch "reset” push-
button

"Trip" test, screw-
driver actuated switch
Pressure: 3 push-
buttons

Failed fuel element
detector: 6 push-—
buttons

Low—-low—flow: 6 push~
buttons

Mode indicating lamps:
9

Failed fuel element
detector position indi-
cating lamps: 6

8 each, Eanels
B, C, D
Rate, flux/flow
Heat power,
Inlet temp.,
Low-low~flow,
Pressure,
Faulty fuel element
detector,
spare (1).

Lamp (A) is lit when the monitored vari-
able is "Normal" and the module is
reset. Lamps (B) and (C) light and
lamp (A) extinguishes when the monitored
variable causes the comparator to
request scram. Lamp (C) remains lit,
after the monitored variable has re-
turned to normal and until "Reset" (D)
pushbutton is depressed
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Table 3.4.

(Continued)

Item Description

Location

Remarks

12 Fast trip comparator
module——auxiliary control:
(A) through (E) same as 11
above

13 Logic "Or” module:
“"trip lock" (screwdriver
actuated switch)

14 Test panel -

(A) Chamber add:

9 pushbuttons
(B) Current ramp:

9 pushbuttons
(C) Rate:

9 pushbuttons
(D) Heat power:

6 pushbuttons
(E) Inlet temp.:

6 pushbuttons
(F) Flux/flow:

3 pushbuttons

5 each, zanels

B, C, D

"PH: NF and NL’"
"Og: Np and N,"
"Py 5 MW,"
spares (2)

1 each, Panels B, C,
D*

Right—hand panel of
console: Items A
through G arranged
by columns accord-
ing to functions A
H, and by three
groups of 3 rows
each. Group corre-—
sponds to channel,
and row corresponds
to operating mode,
which is identified
by lamp (I).

Same as (1l) above, except -hat there is
no latch action (i.e., "latch” lamp
merely follows the "trip" lamp). “Reset”
pushbutton has no function. TIn "P
5 MW" unit, trip condition obtains vhen
heat power 1is less than 5 MW. Outputs
of these units are in control system

Switch places "Or" gate in tripped con-
dition. Each switch may be used to test
the magnet control amplifiers response
to scram request in one channel. Switch
is also intended to secure a malfunction-
ing channel in scram condition when this
is required .

Pushbutton switches initiate tests.
Function (column) selection is intended
only for mode (row) opposite energlzed
lamps (I). Pushbuttons must be depressed
and held while test is in progress. When
FFED pushbutton is released, shield is
restored and "FFED Operate” lamp turns
on
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Table 3.4.

(Continued)

Item Description Location

Remarks

Right-hand panel of
console

15 Test panel--central plate
withdraw inhibit:
(A) Motor current indi-
cating meters (2)
(B) "Reset” indicating
lamp (3)
(C) "Reset" pushbutton (3)

16 Time-of-flight test Auxiliary control
(A) Function selector room
switch
(B) "Initiate test"”
pushbutton
(C) Channel selector
switches (3)

When the cylindrical plate is being with-

drawn by the shim drive the drive motor
current is normally divided equally
among three metering circuits and is
indicated on the three ammeters (A).

Two of the circuits are iaterrupted
when one safety channel effects slow or
fast scram. All three circuits are
interrupted when two channels scram,
thereby inhibiting shim withdrawal.
Operation of the relays, one for each
channel, that effect the circuit inter-
ruptions is identified by the "Reset”
indicating lamps (B) which extinguish
when the relay trips. The affected
relay latches out after a scram request,
and must be restored by its "Reset” push-
button (C) following clearance of the
scram request

Channel selector switches (C) are closed

to determine which channels will request
scram (i.e., three channels or any two),
in response to "Initiate test” push-
button (B). The latter also starts
interval timers (D), (E), (F), (G), and
(I), which stop automatically when their

19-¢



Table 3.4. (Continued)
Item Description Location Remarks
(D) Digital timer readout—- respective measurement cycles are com~
"Rod No. 1" response pleted. The timers monitor the function
time selected by switch (A), and are reset
(E) Digital timer readout--— manually by switches (H). The computer
"Rod No. 2" response monitors all three parameters of any or
time all plates that are scrammed, Switch
(F) Digital timer readout-- (J) selects either the timers or the
"Rod No. 3" response computer for response time measurements
time
(G) Digital timer readout--
“"Rod Nu. 4" response
time
(H) Digital timer reset
pushbutton (3)
(1) PpP 11/60
(J) Transfer switch
17 Scram switch (S-10) Console Manual control of "Slow Scram®
18  tKey switch (S-1) Console Administrative control of reactor, by
control of main power supply to magnet
amplifiers
19 tRaise-test switch (S5-9) Console Automatic slow scram in "test” position.
20 Scram reset pushbutton Console Restore power to magnet amplifiers, after
(5-15) key switch is turned “on" or slow scram
conditions have been removed
21  +Mode select switch (5-22) Console Establishes function criteria consistent

with operating mode limits and conditions
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Table 3.4. {(Continued)
Item Description Location Remarks
22  tPlate clutch lamps (4) Cosole Monitors shim-safety plate clutched to
drive (extinguished when plate clutched)
23  tPlate seat lamps (4) Console Monitors shim-safety plate seated (ener-
gized when plate seated)
24 tChamber position adjust~ Poolside Position chambers so that chamber
ment handwheels (3) response to range of neutron flux inten-
sity is within correction span of flux
reset device
25  Annunclator points: See Volume 2, Section 2.4,

(A) Fast scram requests:
Rate trip -~
Channel A
Channel B
Channel C

Level trip (i.e.,
Flux/flow ratio or
excessive flux) -
Channel A
Channel B
Channel C

High inlet temperature
trip -

Channel A

Channel B

Channel C

Ann. Panel B
Ann, Panel C
Ann, Panel D

Ann, Panel B
Ann, Panel C
Ann. Panel D

Ann. Panel B
Ann, Panel C
Ann, Panel D

"Annunciator Procedures”

Point 5
Point S
Point 5

Point 8
Point 8
Point 8

Point 11
Point 11
Point 11
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Table 3.4,

(Continued)

Item

Description

Location

Remarks

(B)

Low pressure trip -
Chanel A

Chanel B

Chanel C

Heat power trip -
Channel A.
Channel B
Channel C

Low—-low—flow trip -
Channel A
Channel B
Channel C

Failed fuel element
detector -

Channel A

Channel B

Channel C

Reverse requests
1.5 NL:

Channel A
Channel B
Channel C

1.1 NF:

Channel A
Channel B
Channel C

Ann. panel B
Ann, panel
Ann. panel D

(@]

Ann. panel
Ann. panel
Ann, panel

(wNeN--)

Ann. panel
Ann. panel
Ann. panel D

[@e-]

Ann, panel B
Ann., panel C
Ann, panel D

Ann, panel
Ann. panel
Ann, panel D

Ow

Ann, panel
Ann, panel
Ann, panel

o 0O

Point
Point
Point

Point
Point
Point

Point
Point
Point

Point
Point
Point

Point
Point
Point

Point
Point
Point

4
14
14

~1

15
15
15

20
20
20

O O O

12
12
12
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Table 3.4, (Continued)

Item Description Location Remarks
(C) Slow scram request -
Channel A Ann, panel B Point 2
Channel B Ann. panel C Point 2
Channel C Ann, panel D Point 2
(D) Ionization chamber
voltage low, or loss
of module continuity -
Channel A Ann. panel B Point 18
Channel B Ann, panel C Point 18
Channel C Ann. panel D Point 18

*Modules are located in safety section of
modules appear in the servo and count-~rate sections, as described in Tables 3.2 and 3.3.) Items

listed are on front panels of modules; additional test and calibration facilities are inside modules

each panel, in the drawers designated "S.”

or drawers, and are described in the maintenance procedures.
tltems have control functions as well as the idicated safety functions; control functions are

described under "Reactor Control System."

(Similar

9-¢
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Auxiliary control action. Four other comparator elements are applied

in each channel to perform auxiliary control functions. Although they
share power supplies and some of the input information signals with the
fast scram comparators, they are not considered a part of the safety
system. Their outputs are relay contact operations only, representing
respectively: (1) reverse request for excess power, based on reset flux
measurement; (2) reverse request for excess power, based on heat power
measurement; (3) permit for control system to enter and remain in "Run”
condition when heat power is above 5 MW; and (4) air motor insert based
on reset flux/flow ratio. The control actions are effected only upon
like requests by two or three channels, or upon concurrent requests of
different origin, as described under “Control System.” The reverse-
initiating comparators are intended to control power excursions, thereby
eliminating the necessity for scram response in some instances.

A relay matrix recognizes when two out of three of failed fuel ele-
ment detector fast scram comparators have tripped, and thereby initiates

closure of (a} the primary coolant let down block valves, (b) the

vessel vent valve, and (c¢) a block valve in the sampling line for fuel
cladding failure detector systems 200 and 253 (see Section 3.3).

"Mode" selection of criteria. Certain of the above described safety

and control response criteria are determined by the control system
through the mode selection feature. The changes essentially affect the
quantities seen by the comparators, in one or more of the following ways:
(1) a measurement-proportional input signal voltage may be blocked, dis-
abling the comparator entirely; (2) corrections to a measurement signal

may be applied or removed as necessary to modify response criteria; (3)
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the proportionality of a signal to its primary measured quantity may be
changed; or (4) the level of a constant reference signal may be changed.
The effects of such changes are summarized for the scram comparators in
the descriptions of the individual scram criteria. The auxiliary com—
parators that monitor heat power and reset flux are subject to change of
their reference signals, such that in "Mode l-Run" condition they initi-
ate reverse at 110 MW in "Mode l—-Start,"” at 15 MW. In Modes 2 and 3,
the permissible reactor power is below the sensible level for heat-power
measurement, and no further change is made to secure heat power compara-
tor response under these conditions. Valid flux measurements are avail-
able, however, and appropriate changes are made Iin the flux signal
amplification factor in order that the flux comparator may initiate
reverse at 110% of the respective Mode 2 and Mode 3 power limits. The
flux signal is further modified by elimirating the heat power and after-
heat corrections in Modes 2Z and 3, so that the signal is no longer
"Reset” flux. These corrections are discussed in further detail in con-~
junction with the scram criteria.

Slow scram. Administrative control of the reactor is exercised by
conventional slow-scram arrangements. Thus, the main power to all of
the safety magnet awplifiers is interrupted by any of the following
control system conditions: (1) key switch (S-1) “Off," (2) ralse-test
switch (S-9) in "Test," or (3) scram switch (5-10) in “Scram." The
magnet amplifiers are also de—energized in an individual safety channel

when, (1) the voltage output of the power supply for the neutron
flux ionization chamber falls below 60% of the normal 250-V level or (2)
"module continuity" is broken by disconnecting one of the modules for

that safety channel from the plug in its panel drawer. Under all of the
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foregoing conditions, the amplifiers which are de-energized remain so
until the initiating condition is cleared and the reset pushbutton
(S-15) is actuated. Each channel has two slow—scram annunciator points
on its associated annunciator panel; one signals all of the above
described scraﬁ requests, and the other signals "chamber low voltage"
and "module discontinuity.” Thus, a general slow scram such as that
from the scram switch will be annunciated by three "slow scram” points,
each on a separate annunciator panel, and eilither form of single channel
trouble slow scram request is annunciated by two points on the same
annunciator panel.

A severe drop in the voltage of the battery supplying one safety
channel can produce a slow-scram request from that channel by any of
several mechanisms, depending on the magnitude and duration of the
disturbance. In addition, power is interrupted to all of the magnet
amplifiers assoclated with any shim-safety plate (i.e., one amplifier
in each channel) when that plate is separated from its drive (i.e.,
not “"clutched™).

Fast scram. The following summarizes the fast scram criteria
recognized by each channel:

1. Reactor heat power excessive

Procass instrument system 100-1, -2, and -3 provide
signals proportional to the rate of heat power generation in
the reactor, for safety channels 1, 2, and 3, respectively.
Each process system derives coolant flow information from a
differential pressure cell across the common Venturi flow
element FE-100, measures core inlet and outlet temperatures
by resistance devices, and combines the information electri-

cally in a heat power computer (see Fig. 3.13). The computer
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3-70

outputs enter the trip comparators directly for comparison with
fixed reference signals. Scram request obtains when the reac-—
tor power reaches 120 MW in Mode 1 operation, or 12 MW in Modes
2 and 3. However, the systems do not actually function during
Mode 3 operation since there is no effective measurement of
heat power.

Reactor neutron flux excessive and/or flux/flow ratio
excessive

The neutron flux scram systems provide the basic fast-
response shutdown protection against reactor power excursions,
Added features enable the systems, during Mode 1 operation, to
recognize reductions of primary coolant flow and reduce their
power-limiting trip settings proportionally. Core damage thus
may be prevented through prompt shutdown of the reactor when-—
ever the servo and control systems are unable to effect an
orderly power reduction as intended, during a reduction in
cooling capacity. During Modes 2 and 3 operation, fixed scram
trip levels are substituted for the flow dependent power
limits.

In Mode 1 operation, for each channel, a signal represent-—
ing core power 1is compared with a coolant flow signal., Scram
request obtains when the core power exceeds: (fraction of full
coolant flow) x (130 MW), The primary measurement of core
power is by electric current in an uncompensated ionization
chamber, proportional to neutron flux. FEach safety chamber
shares the same housing with a servo system chamber of

corresponding channel aumber, but is otherwise independent.
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From each "raw" flux measurement a “"Reset Flux" signal is devel-
oped exactly as for the servo system described in Section 3.2.5.
The signal processing consists of amplification, continuous
calibration against an accurate heat power measurement, and
correction for afterheat. Process systems 100-1, -2, sad -3
provide the coolant flow and heat power information to these
systems as well as for the above outlined heat power scram.

The neutron flux scram systems are modified as follows for

reactor operation in Modes 2 and 3:

"a. A fixed reference signal is substituted for the flow
signal in the trip comparator, so that the scram circuit
then responds to flux level alone, without regard to flow.
At the low power levels permitted, there 1s no coolant
flow requirement at all in Mede 3 and only “pony motor"
flow necessary for Mode 2. During Mode 2 operation, the
low-low—flow trip element (Item 5 below) continues to
monitor for the condition of coolant flow less than
required for the Mode 2 power limit.

b. The flux reset systems, which calibrate the "raw” flux
signals against heat power measurements and correct them
for afterheat, are abandoned, so that the reactor power
signals applied to the comparators are in simple proportion
to the “raw™ flux measurements, Neither form of correction
would contribute significantly to the safety system effec-
tiveness at the reduced power levels. In addition, the
power limits are below the level of sensible heat power

measurement.
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c. The amplification applied to the "raw" flux sigunals is
changed for Mode 2 and again for Mode 3. The changes
scale the flux amplifier output signals so that, when com-
pared with the fixed reference signal of (a) above, they
will effect scram requests in the comparators at 130% of
the respective mode power limits. The amplified "raw"
flux signals are displayed on the "Reset Flux" and "Flux/
Flow Ratio" readout instruments, the readings appearing
directly in terms of percent or fraction of the power
limit for the mode in effect,

Core power rate-of-increase excessive
The most severe accident considered in the development

studies involved a sudden addition of reactivity resulting from

a vold being swept into the core target region. The studies

indicated that the comsequent power excursion would be ter-—

minated by level trip safety action (i.e., "Reactor Neutron

Flux Excessive"”) promptly enough to avoid any serious damage

to the core. However, for accidents initiated at full power,

the safety action can be advanced significantly by initiating
scram when the core power rate—-of-increase exceeds a preset

value, 20 MW per second for Mode 1 operation. The Mode 1

setting of 20 MW per second is substantially above the maximum

power increase rate permitted by correct automatic control
action, which includes prohibiting all plate withdrawals when
the rate exceeds 5 MW per second,

The power rate-of-increase signal is obtained for each
channel by measuring changes of the output voltage of the flux

amplifier. For Mode 1 operation, the flux amplifier output is
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"Reset Flux" and is scaled so that NF on the readout instru-
ments is equivalent to 100 MW of power. The rate—of-change
signals enter the respective rate trip comparator elements
which individually request scram when the power rate—of-
increase reaches 20 MW per second.
High inlet temperature

High core inlet temperature is probably evidence of pri-
mary heat exchanger or secondary cooling system difficulties.
It may be a secondary and somewhat delayed indication of excess
core power or reduced flow of primary coolant. Electrical
resistance elements, one each in process instrument systems
100-1, -2, and -3, measure the core inlet coolant temperature
for safety channels 1, 2, and 3, respectively. The temperature
information, which is utilized also in developing the safety
system heat power signals, is entered directly in the inlet
temperature trip comparator. The reference signals remain
constant in the comparators for all three operating modes,
resulting in scram requests when the inlet temperature reaches
54.4°C (130°F).
Low~low flow

On loss of the main ac power supply, the primary coolant
pumps continue to be driven by dc¢ “pony” motors, at reduced
speed. The resulting flow 1is about 15% of the normal amount,
and the core power limit imposed by the servo and control
systems in Mode 1 operation is reduced in the same proportion.

Loss of battery energy or fallures of pony motors can

cause the flow to decrease further. Below about 10% flow, the

process instrumentation is no longer sufficiently accurate to
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assure regulation of the reactor total power, including after-—
heat, within the heat removal capability of the coolant system.
Accordingly, the reactor is scrammed when the coolant flow
decreases to 10%, which is between the pumping rates with one
and two pony motors operating. The same low-low—flow scram is
effected in Mode 2 operation, although the reactor power limit
is then well within cooling capability at the flow trip point.
The scram is disabled for Mode 3 operation, since no flow is
required., The low~range differential pressure cells of process
systeams 100-1, -2, and -3 provide the flow measurements for
this application. The cells are similar to the high range
units that serve the heat power and flux level safety installa-
tions, and share the same taps across the common Venturi flow
element No. 100. The flow signals enter the trip comparators
directly in Modes 1 and 2 operation, but are blocked in Mode 3.
Fixed reference signals are supplied to the comparators, cali-
brated to effect scram requests when the coolant flow is about
6,435 1/m (1,700 gpm).
Primary coolant loop low pressure

The primary coolant system pressurization pumps are
intended to maintain the loop pressure at 5.2 MPa (750 psig)
in Mode 1 operation, substantially above the 2.07-MPa (300-psi)
level at which boiling might begin in the core at full power.
Direct acting pressure switches of process sytems 128-A, -B,
and —-C signal the tirp comparators in safety channels 1, 2,

and 3, respectively, to request scram when the loop pressure
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decreases below 4.13 MPa (600 psig). The switch signals are
blocked in Mode 2 and 3 operation, where pressurization is not
required.
7. Contamination from faulty fuel element

Hot spots or material defects may cause local failures of
the fuel cladding, with consequent contamination of the primary
coolant loop. Prompt detection of such failures, followed by
shutdown of the reactor, will both minimize the release of
radioactive material from the initial small ruptures and pre-
vent minor failures from becoming major ones. Each of the
safety channels monitors for the rise of gamma radiation in the
pipe tunnel which would indicate a fission product release.
This is done by means of Reuter-Stokes ionization chambers,
located adjacent to the coolant main outlet line from the core.
The power supplies for the chambers and the chamber signal
amplifiers are essentially the same as for the servo and safety
systems neutron flux measurements; however, there are no
corrections applied automatically to the radiation signals.
The amplified radiation signals proceed directly to the trip
comparator elements, where they are compared with reference
slgnals. Scram requests obtain when the radiation reaches
approximately 120% of the steady-state background level pro-
duced mainly by N16 decay.

Test arrangements. Speclal installations facilitate virtually com—

plete functional tests of the safety system, both before and during

reactor operation. Most of the tests consist of perturbing the quantity
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measured by one sensor of one safety channel, and observing the appear-
ance of the appropriate scram request and other responses. The pertur—
bations are apparent only to the sensor being tested, and in no way
affect the reactor operation. Tests of the neutron fiux measurement
systems involve either changing the effective area of the ionization
chambers or artificially supplementing the signals from the chambers, to
simulate flux perturbations. Combinations of the various tests are
required to evaluate fully the performance of each safety channel with
regard to chose scram criteria involving more than one measurement.

The individual channel scram requests are each indicated by: (1)
loss of output current of four magnet amplifiers, (2) annunciation of
source of trip action, (3) trip comparator pilot lights, and (4) one of
three "central plate inhibit"” lamps on console being extinguished, sig-
nifying that the affected channel requests inhibit of No. 5 cylinder
withdrawal., The latter is a safety action, and can be confirmed by
means of the three console indicators of shim drive motor current.

Thus, when one safety channel requests scram, all current to actuate the
motor in the withdraw direction will be indicated on only one of the
three ammeters.

Each of the tests is initiated from a separate pushbutton on the con-
sole, the selection of which determines the type of test and the channel
to be tested. The pushbuttons are further classified according to reac-
tor operating mode, thereby limiting the application of each test to the
appropriate modes and, in the case of the neutron flux systems tests,
selecting the proper magnitude of simulation signals. Details of the

individual tests are presented below:
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Chamber add

The ionization chambers that measure neutron flux for the
safety channels are each housed with an "add-on"” chamber and an
entirely independent chamber that drives a servo channel. The
"add—-on"” chambers each use the same high-voltage power supplies
as their associated main safety chambers, but their outputs are
normally blocked. Depressing any of the three console "Chamber-
Add” pushbuttons for a particular channel connects the output
of the "add—-on"” chamber in parallel with the output of the main
chamber, effectively adding the chamber outputs. The correct
response of the affected safety channel is equivalent to tlat
resulting from a sudden increase in reactor power of 40%, and
will depend on control system status (i.e., Modes 1, 2, 3, and
start/run), reactor power level and primary cooling system
status. The possible primary responses include scram request
for (1) neutron flux (i.e., "Flux/Flow Ratio") excessive, and
(2) power rate of increase excessive. Reverse request annunci-
ation may appear as 1.1 Np or 1.1 N, with or without the scram
request. Additional responses are increased levels displayed
on the réset flux and flux/flow readouts and for Mode 1, actua-
tion of the flux reset system in the direction to make the flux
readings agree with the heat power.
Current ramp

Circuitry is provided whereby a ramp signal may be added
to the chamber signals in each channel, simulating for each
operating mode a core power rate of increase of about 5% of

NF per second. The ramps are initiated by the "Current—Ramp”
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pushbuttons on the console. As with the above described
"Chamber—-Add,"” the response of safety channel tested will
depend upon the status of the reactor control system.
However, this test does not require the reactor to be operating
at a significant power level, and is, therefore, useful as a
prestart check. The current ramp test will not actuate rate
scram, since the ramp increase rates are less than the required
20% of NF per second. Other responses are as described above
for "Chamber Add.”
Rate test

Similar to "Current Ramp,” described above, but provides
ramps to simulate a core power increase rate of 257 of Np per
second, for each mode. All safety channel respocnses are the
same as described above for "Chamber Add,"” including rate scram
indication. The console pushbuttons are uesignated "Rate Test.”
Temperature measurement systems tests

On command from pushbuttons on the console, a small flow
of hot water is injected into the primary coolant system on any
selected temperature sensor of the safety system. The push-
buttons designated "Inlet Temperature” (Modes 1l and 2 only)
control injection at the inlet temperature sensors, for which
the primary test response is inlet temperature scram request in
the affected channel. The scram request should develop regard-
less of reactor or coolant system operating status, if suffi-
cient injection water pressure is available. Other significant

responses of the affected channel include (1) reduction in
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readout indications of heat power, (2) increase in indicated
inlet temperature, and (3) actuation of the safety flux reset
mechanism to reduce the reset flux signal, provided the reactor
is operating in Mode 1 and power is above the minimum sensible
heat power measurement level. Injection at the outlet tem—
perature sensors is controlled by the "Heat-Power"” pushbuttons,
for Modes 1 and 2 only. The primary heat power scram request
response in this case depends on the reactor operating mode and
the pressure and flow of primary coolant. In Mode 1, scram
request should obtain when the simulated core heat power
exceeds 1.2 NF’ or 120 MW. However, the fixed temperature of
the water injected at the core outlet may not be sufficiently
higher than the core inlet temperature to simulate 120 MW when
the flow of coolant water is reduced (i.e., heat power is pro-
portional to flow times temperature differential). In Mode 2,
the heat power trip level is 12 MW, which is far above the
established power limit and neutrom flux trip level, Since the
temperature of the injected water was determined on the basis
of simulating 120 MW, it should be high enough to ensure the
scram request response in Mode 2 (assuming sufficient injection
pressure) even with coolant flow reduced to the pony motor
level. Additional responses of the affected channel include
increase of indicated heat power and, in Mode 1 and at power
levels abov: the minimum level for sensible heat power measure-—
ment, actuation of the safety flux reset mechanism to increase

the reset flux signal.
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Flow measurement systems tests

Each of the console pushbuttons marked “"Low-Low Flow"
(Modes 1 and 2 only) causes a bypass valve to open and relieve
the flow-induced differential pressure across the low range
flow sensor of the indicated safety channel. This test simula-
tes a drastic reduction in flow, resulting in a scram request
by the low—-low flow trip comparator.
Pressure switch test

The pressure switches that signal loss of primary coolant
pressurization for each safety channel area each connected via
small diameter tubing to an individual tap in the reactor
outlet line. There is normally no Elow in the conmnecting tube,
and the entire loop pressure 1s transmitted directly to the
switch pressgsure element. A test valve in each of the instru-
ment lines opens on comnand from a console pushbutton designated
"Pressure” (Mode 1 orly), thereby allowing that instrument line
to discharge to the ILW system. The consequent throttling in
the line reduces the pressure at the switch element to about
2,07 MPa (300 psi) well below the trip point. The only safety
channel response observed in this test is scram request by the
low pressure trip comparator.
Radiation weasurement systems test

The ionization chambers that detect radiation from failed
fuel elements are each shielded from the core outlet pipe by a
thickness of 1/2-in. of lead. This reduces the normal back-
ground gamma by a factor of 35%7. The console pushbuttons

designated "Failed Fuel Element Detector”™ (Mndes 1 and 2 only)
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each initiate withdrawal of the chamber shield from ir £ront o
the chamber for the selected safety channel., A limit switch
terminates each withdrawal at the intended "test™ position and
energizes an "FFED test” lamp. Release of a pushbutton at any
time during withdrawal or after the shield is in the "Test"
position causes the actuation to reverse and restore the shield
to the "Operating™ position; when the shield is replaced,
another limit switch terminates the travel and energizes and
"FFED Operate" lamp on the console. The observable responses
are an increase of flux amplifier output, as indicated on the
panel meter, and a scram request by the affected failed fuel
element detector trip comparator,

8. Flux/flow ratio test

This test, provided in Mode 1 only, reduces the pressure
at the main flow dp cell and produces a channel scram request
on the flux/flow trip element. Channel repsonses include
immediate decreases in heat power and flow indications and an
increase in flux/flow indication and subsequent scram request.
The 1.1 flux/flow element, which gives an air motor insert
request, is also tripped.

Shim—-safety plate drop and time-of-flight tests are facilitated by
use of the HFIR on-line computer, electronic digital timers, and response
switches. Normally the time measurements are made by the computer with
the digital timers reserved for back-up use. On command, the system
initially provides the "OR™ gate of each selected safety channel with a
"start"” signal that is equivalent to a scram request from a trip compara-

tor; a simultaneous signal starts the timing process by the computer (or
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the digital timers if they have been selected). If two or three chan-
nels are selected, the magnet of each of the four shim-safety plates
should release promptly after the start signal, in the same manner as
for a scram. A limit switch on each plate drive is actuated by motion
of the push rod that connects the magnet armature to the ball-latch
release device; this switch operation represents "Push Rod Response.”

As each plate separates from its drive, a second switch, equivalent to
the control system "Clutch" switch, is actuated to provide "Plate
Declutched Response.” Arrival of the plate at its seat actuates the
seat switch, which represents "Plate Seated Response.” The computer has
the capabllity of monitoring all three parameters of all four plates
simultaneously. However, only four digital timers are provided, one for
each plate. A manual selector switch determines which parameter is to
be monitored. The digital timers then are stopped by the selected
“"Response” limit switches. Type—out of measured times by the computer
is provided in the main control room. All other controls and digital
timers are in the auxiliary control room.

System readouts and controls. The readouts and controls that are a

part of, or affect the operation of, the safety system are summarized in
Table 3.4. Each is intended to serve in one or more of the following
ways: (1) establish criteria for initiating safety and control actions;
(2) monitor reactor or cooling system performance; (3) control slow
scram; (4) monitor safety system and identify responses; (5) reset
latch—out elements; (6) facilitate tests; and (7) calibrate system ele—
ments. Many of the applications are referred to in the preceding

descriptions of the safety system functinns.
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3.3. Process Instrumentation
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Singmaster and Breyer Specifications:
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87 Reactor Primary Coolant Flow Element Assembly

112 Instrumentation and Auxiliary Equipment

115 Process System Instruments

3.3.2 Introduction

Extensive instrumentation has been provided to control and monitor
the process systems upon which the reactor depends. These systems
include the coolant loops, off-gas handling and ventilation, liquid
waste disposal facilities, and subsidiary systems.

Many of the instrument applications are mentioned or described
briefly in other sectlons of this operating manual, where necessary to
explain the function of an associated process system or the reactor
control and safety system. This section summarizes the instrumentation
and provides whatever additional information is necessary to impart a
basic understanding of the control actions, alarms, and readouts derived
from the process instrumentation. The information is presented by
instrument functional groupings, which are classified according to
related main and subsidiary process systems.

Except for special-purpose radiation monitoring installations,
essentially all of the process Instrumentation is of conventional types.

The simplest instrumentation includes the familiar direct-~reading
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pressure, flow, level, position, and temperature indicators, and corre-—
sponding devices that directly actuate switches. The switches, many of
which are integral with indicators, produce various alarm, pilot light,
control, and safety actions via appropriate circuitry. Many remote tem-
perature indication or recording applications consist only of local
thermocouples with leads extended to the readout instrument, which
usually incorporates a null-balance potentiometer device.

Water conductivity, pH, and certain radiation measureuments require
special piping to obtain samples from desired locations. The measure-
ments themselves are complex, involving calibrated power supplies and
electronic signal detection, amplification, and discrimination circuitry.
Both local and remote readout arrangements may be provided, as well as
alarm or control relay functions.

More complicated instrument systems are required to achieve (a)
continuous control of process variables, (b) remote contiucus signal
transmission, (c) multiple control and readout responses, and (d) con-
tinuous derived signals, which are combinations of primary signals or
are functions of single primary signals. These systems are of the con-
ventional forms in which all information is converted to, and handled
at, air pressure signals in the 3- to 15-psig range or electric direct
current signals in the 10- to 50-milliampere range. The wide variety of
standardized equipment available for such systems and the insensitivity
of the large signals to external disturbances account for the great
advantages of flexibility, reliability and accuracy. The systems are
comprised of combinations of the following functional elements:

1. Measurement

Sensor responds to the measured variable, providing a

signal which is then converted to the standard pneumatic or



3-86

electric form. In a pneumatic temperature transmitter, for
example, a bulb, capillary tube, and mechanical linkage actuate
a flapper valve over a nozzle in the associated pneumatic
system; the resultant pneumatic pressure variations are
transmitted to, and utilized at, other points in the systen.
The electric form of temperature transmitter detects changes in
resistance of its sensor; the primary signal modulates a magnet-
ic amplifier to produce the proportional standard current signal
output., Flow sensors are generally differential pressure cells
across flow restrictions in the main piping; the cells produce
mechanical force outputs. Pressure sensors are also cells, and
produce similar mechanical outputs. Level measurement is
usually by displacement, with resulting flotation force output.
Power supply and signal transmission
a. Pneumatic
Air 1s delivered by the main instrument air system to
regualtors at various locations, each of which reduces
pressure to 138 kPa (20 psig) and supplies a group of
instruments, Each signal-transmitting element [e.g., the
flapper/nozzle'arrangement mentioned in (1) above] contin-
uously draws a small quantity of air from a supply regula--
tor, through an orifice, and bleeds it to atmosphere via
its flapper/nozzle valve. The degree of nozzle closure
determines the ailr pressure that is built up back of the
nozzle, and this varying pressure constitutes the intelli-
gence signal that is transmitted over the remaining closed

system to one or more receivers (usually bellows).
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b. Electric
Each electric signal transmission system may be thought
of as a direct current loop, with a series variable resis-
tance as the sending element, a source of dc voltage, and
several fixed resistances representing transmission lines
and one or more receiving elements. The dc source in each
loop is a rectifier, which is supplied from the separate
110-V instrument ac power system. The sending element is
not actually a variable resistance but instead is any one
of several complex circuits which may include differential
transformers, transistorized and magnetic amplifiers,
oscillators, etc,, and which act together like a resistor
varying in proportion to the transmitted variable.
Transmission signal modification and combination
Standard current or penumatic "primary” signals, directly
proportional to some measured quantity, may be combined with
other primary signals to produce "secondary" signals proportional
to sums, differences, products, quotients, or other functions
of the input primary signals. The most common example is the
"error"” signal, usually the difference between a primary and a
manually controlled setpoint signal. Individual primary signals
may also be modified in several manners such as extraction of
the square root of a differential pressure primary signal to
obtaln a secondary signal proportional to flow. Primary signals
of one standard form, penumatic or electric, may be converted
to the other standard form, or may be inverted. The servo heat

power computer exemplifies several of the above operationmns:
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(1) two primary standard penumatic signals representing tem—
perature are subtracted to produce a secondary standard pneuma-—
tic signal proportional to temperature difference; (2) square
root extraction is performed on a primary standard penumatic
signal, representing differential pressure in the main flow
Venturi, to produce a standard secondary pneumatic signal pro-
portional to flow; (3) the flow and temperature difference
signals are multiplied together to produce a standard pneumatic
signal proportional to heat power; and (4) the pneumatic signal
for heat power is converted to a standard electric current
signal for final utilization in the servo system.
Simple readout or control function

A standard electric transmission signal may be utilized
directly to actuate a pen or switch via galvanometer movement.
The corresponding pneumatic output is by means of a spring-
loaded bellows and linkage.
Continuous process control function

Controllers develop the “error” signals described above
and put out signals of standard form to the final control devi-
ces. Continuous regulation of the controlled process variable
is thus obtained. 1In essentially all of the HFIR applicatioms,
the controller outputs are pneumatic and the final control
devices are process valves. The reference quantities for the
error signals are set manually, in most applicatioms, elther at
the controller or remotely, but may be other variable process
signals in cascade or ratio control applications. The con-

trollers respond to error signals in different manners and at
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different speeds, depending on the proportional, reset, and
derivative mode features and adjustments. Almost all of the
controllers are housed with or located adjacent to instruments
which indicate both the process variable and the final control
element position. Except for most of the level controllers,
transfer switches and external adjustments are usually provided
which enable the operator to cut out the automatic control
function and to position the final control element from the
controller location. Most of the level controllers are integral
with the local measurement elements and develop their error
signalis directly instead of from a remotely transmitted signal.
6. Final control actuation
The pressure output of a controller may be applied directly
to the spring-loaded diaphragm of a control wvalve, thereby
regulating position of the valve stem as a direct and known
function of the controller output pressure. Where more accu-
rate and more rapid valve positioning is required, secondary
controllers are applied. These compare position with inpﬁt
signal and develop an output error signal which is fed to the
diaphragm of the valve actuator. The secondary controllers are
equipped with indicators of air supply pressure, pressure signal
from the primary contrcller, and pressure in the actuator
diaphragm.
Those instrument systems which directly affect control or safety of
the reactor are in triplicate, each powerad from an independent battery/
inverter or air storage supply, and are arranged on a two-out-of-three

functional basis. Details of the reactor control and safety system are
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presented in Section 3.2. The process control instrumentation electric
pover is supplied from separate instrument power distribution centers
P1l1-A and Pl-B. These centers are fed normally from an independent
13.8-kV/250-V/120-V transformer, No. 7. They are automatically switched
to a 480-V/240-V/120-V transformer, No. 7A, on failure of the normal
source; this alternate source is fed from motor control center "I,”
which has both normal supply and emergency backup from diesel-generator
No. 1. The process instrumentation pneumatic supply is from compressors
Cl-A, C1-B, and Cl-C via air receiver 6A and 6B which stores a substan-—
tial reserve supply. The compressors are fed form different power
supplies, cne with backup from No. 1 diesel-generator and another with
backup from No. 2 diesel—-generator. The instrumentation systems are
generally arranged so that component or power supply failures will

detract as little as possible from reactor safety or operability.

3.3.3 Primary coolant system

The instrumentation for the subject system monitors and/or provides
information for the automatic control of the flow, pressure, temperature,
and contamination of the water which circulates through the reactor
core,

1. Loop pressurization

All pneumatic system 127 (Fig. 3.14) actuates (a) the loop
high pressure annunciator switch, (b) a switch that provides low
pressure annunciation and simultaneously starts the standby main
pressurizer pump if the pump control is in "Standby" mode, and
(c¢) recorder-controller PRC-127 in the control room. PRC-127
positions, as a group, the four pneumatically-operated pressure
letdown control valves, one at each heat exchanger outlet,

which regulate the flow of water into the loop cleanup system.,
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The controller setpoint for automatic operation is adjusted by
an index just above the recorder face. The same index may be
used by the operator to position the letdown valves directly
when he has elected to switch the controller to manual mode.
Output of the controller to the valves is indicated on a scale
above the control index. Each letdown control valve and its
two associated block valves are caused to close individually
when the discharge valve of their associated primary circula-
ting pump is closed. This automatic action results from opera-
tion of a limit switch (ZS149-3, 151-3, 153-3, 551-3) on the
discharge valve, and consequeut action of solenoid valves to
relieve the pneumatic pressure in the letdown control valve
operator and the block valves operators. In series with each
of the four letdown control valves are the two above -mentioned
block valves. All eight of these block valves are controlled
as a group and assume completely open or completely cldsed
positions on command of switch matrices. When control switch
HS-127 on Panel E is in the "Normal” position, either of two
conditions will cause block valve closure: (1) opening of
direct—acting pressure switch PSS-127B in response to loop
pressure below 4.65 MPa (675 psi); or (2) high radiation trip
condition in the faulty fuel element detectors of two safety
channels, "Block” position of HS~127 causes the valves to
close independently of other signals, and "Unblock”™ causes the
valves to open and remain so. The latter control feature per-
mits water from the primary loop to be transferred to the
cleanup system regardless of loop pressure or contamination

conditions. Failures of system 127 will generally lead to
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valve closures. Independent spring~loaded relief valves
(PSV-150 and -157) will open on excessive pressure. Pressure
switch PSS-127A is actuated at pressures below 4,8 MPa (700
psi) to initiate an alarm on annunciator point IE-18 and to
request start of the "Standby” pressurizer pump. Switch
PSS-127C initiates an alarm at pressures above 5.5 MPa (800
psi) on annunciator point 1E-17. Systems 128A, B, and C are
primarily independent pressure switches operating directly from
loop pressure. Each switch has two poles, one actuating the-ﬁ}
"Low Pressure” trip comparator to produce scram request in one
safety channel during Mode 1 operation, and the other producing
a relay request to shut down all of the main circulating oump
ac motors on low loop pressure at any time. Actual reactor
scram in Mode ] requires either two pressure switches to request
scram, or one pressure switch plus some other scram request in
a different safety channel. Pump shutdown is effected only by
request from two presssure switches. Since safety action is
involved, provision has been made to test system 128 during
reactor operation. Each "Pressure Test” pushbutton on the con-
sole actuates a solenoid valve which, in turn, causes a
pneumatic—actuated valve to open and relieve pressure on the
pressure switch associated with that channel. Hand valves are
provided for isolating each pressure switch from the high
pressure loop. These hand valves may be used to test operation
of the pressure switches in the event the regular test system
did not function.

The same switching matrices that control the letdown block

valves also control a block valve in the sample stream for the
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fission product detection systems 200 and 253 (see Item 4 below);
this valve assumes the same position as the letdown block valves.
The matrices also exert partial control on the reactor vessel
vent valve, per Item 12 below.

System 104 senses primary system inlet water pressure and
transmits this signal to the main control room for digital
pressure indication,

All of the block valves also close when two (out of three)
safety system failed fuel element detectors recognize high
radiation.

Loop main flow

Regulation of the loop main,flow is effected by manual con-
trol of mctor—-driven valves. The flow instrumentation provides
information to the operator and to the reactor control and
safety system which governs the reactor operation. All of the
main flow information derives from flow element 100, a special
Venturi in the reactor vessel approach piping. Multiple taps
in the piezometer rings of the Venturi provide the differential
pressure signals, characteristic of flow, to six flow-measuring
systems (Figs. 3.15 and 3.16). Each of systems 100-1, 100-2,
and 100-3 has two differential pressure cell flow measurecment
devices, derives its actuating signal from a separate pailr of
pressure taps, and serves a different safety channel. The high-
range "A" flow transmitter in each system develops a standard
10~ to 50-mifliamp current signal which is utilized in the
associated safety channel, in the heat—power computer, the flux/
flow ratio computer, the flux/flow comparison scram element,

and the flow recorder. The "B" flow transmitters are low-range
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transmitters are low-range devices, calibrated to develop 10 to
50 milliamps for flows in the range of 0 to 207% of full-rated
amount. Their output signals are utilized only in the "Low-Low
Flow" scram elements of the associated safety channels. Provi-
sion is made to test each pair of flow transmitters (i.e., A and
B of each channel) simultaneously, by means of pneumatically-
actuated valves which bypass the flow transmitters,

Opening of each of these valves is initiated by depress=-
ing the "Low-Low-Flow" pushbutton of the associated safety
channel, which energizes a solenoid valve to relieve diaphragm
pressure in the bypass valve operator. Each of systems 100~4,
100-5, and 100-6 has a single differential pressure cell flow
measurement device, derives its actuating signal from a separate
pair of pressure taps, and serves a different servo channel.
The flow transmitter in each system develops a standard 3- to
15-psig pressure signal, which is utilized in the reactor heat
power calculator of the associated servo channel (see Fig,
3.17). Each pressure signal is also converted to a 10~ to
50-milliamp current signal, which 1s utilized as a limiting
servo demand signal and as a variable reference signal in a
portion of the servo system which auto—matically reduces the
regular servo demand setting to a level permitted by coolaunt
flow. There is no provision for in—-service testing of servo
flow measurement systems, nor is there any readout of flow.
Loop temperatures

Control of the primary loop temperature is effected either
by manual or automatic control of the heat exchanger's secon—

dary water flow, and indirectly by automatic control of the
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secondary loop cooling tower discharge water temperature. The
primary loop temperature instrumentation provides information
to the operator and to the reactor control and safety system
(Figs. 3.18 and 3.19). Each of the systems 100-1A, -2A, and
—-3A measures reactor inlet tewmperature in the approach piping;
and corresponding systems 100-1B, -2B, and -3B measure reactor
outlet temperature in the vessel discharge piping, all by means
of resistance elements. The temperature signals are converted
to standard 10— to 50-milliamp current signals which are uti-
lized in the associated safety channels to drive the inlet and
outlet temperature recorders (TR-100-1A, etc.) to develop the
heat power signals in the channel heat power computers and to
actuate the "high inlet temperature"” scram elements., A series
of hot-water injectors is provided in order to test the safety
system temperature responses; individual injectors discharge on
command form the "Inlet Temperature Test” and "Heat Power Test"”
(outlet temperature) pushbuttons on the console. Instrumenta-
tion is provided to monitor the performance of the test system,
as described below under "Primary Coolant System — Auxiliary."”
Elements 100~4A, -5A, and -6A, inlet; and 100-4B, -5B, and —-6B,
outlet, are the servo system temperature sensors corresponding
in location to the above safety system sensors. They are of
bulb—and-capillary type and actuate pneumatic transmitters
directly. The temperature pneumatic signals are utilized in
the servo system heat power computers. (Recordings are pro-
vided of each inlet~outlet differential temperature by means of
TdR 100-4, -5, and -6 on Panel E.) There is no provision for
perturbing the loop water temperature in order to test the

serve temperature response, as for the safety system.
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Additional temperature instrumentation in the primary loop
is described below in association with the particular equipment
monitored. The instrumentation necessary to control the pri-
mary coolant at the desired temperature may be grouped into two
subsystems. The first subsystem, consisting of the 25.4-cm
(10-in.) secondary coolant system valve (TCV~377A) and its
associated instrumentation (see Fig. 3.20) is the actual tem-—
perature control system, maintaining a constant reactor inlet
temperature at the desired operating power. The inlet tem-
peratures as measured by the three servo heat power systems are
fed to three independent controllers, and their outputs are fed
through a pneumatic relay matrix. This relay matrix rejects
the highest and lowest error signals and passes tha median
signal, positioning the 25.4-cm (10-in.) valve to maintain the
desired temperature.

Since the 25.4-cm (10-in.) valve has a limited range of
temperature control, a second subsystem is necessary to keep
the 25.4 cm (10-in.) valve within its control capabilities at
various power levels. This second subsystem is comprised of
the 91.4-cm (36-in.) secondary coolant system valve (TCV-377)
and its manually controlled positioner HIC-377.

Radiocactivity due to fuel element cladding failures

In addition to the core outlet gross activity monitors
associated with the safety system (see Section 3.2.7), systems
200 and 253 provide sensitive detection of fission-product
activity. Both of the latter systems monitor the same sample
stream, which is withdrawn from the primary coolant loop just

beyond the core exit. Flow in the sample line is regulated and
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indicated locally by pneumatic instruments including a flow
transducer, an indicator controller, and a control valve. A
pneumatically operated block valve in the sample line is
controlled by the same switching matrix that controls the main
letdown block valves (see "Loop Pressurization"). Thus, sample
flow is shut off (a) when HS5-127 on panel E is in "Block” posi-
tion, or (b) when HS-127 is in “Normal"” position and either low
pressure or high radioactive contamination conditions exist.
Following the valves in the sample line are (1) a delay section,
(2) the counting volume and BF3 neutron detector of system 200,
(3) a second delay section, and (4) the dual-GM tube beta-gamma
detector of system 253. The line discharges to the letdown
system,

The total delay from core exit to the system 200 counting
volume is 18 seconds, which is sufficient for most of the 17y
neutron activity to decay. Consequently, delayed neutron acti-
vity of 1377 i responsible for most of the background counts
developed by the BF3 detector., Todine-137 background, plus a
small background of 878y activity, will result from normal
surface contamination in the core. A prompt and significant
increase of 1371 activity would result from a release of
gaseous fission nroducts in the event of a small breach of the
fuel cladding. Conventional counting arrangements, including
pulse amplifier and discriminating and pulse-shaping circuitry,
develop the pulse information to the output log count-rate
form. The log count rate is indicated and recorded locally at

the cladding failure detector cabinet in the auxiliary control
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room. A fast trip comparator actuates annunciator point C-13
when the count rate is approximately twice equilibrium back-
ground.

The total delay from core exit to the system 253 radiation
detectors is about 68 seconds, which is sufficient for most of
the water activation beta and gamma background to decay. This
permits the system to identify increases in beta and gamma
activity resulting from escape of fission products from the fuel
elements into the coolant. A "Linear-Log Radiation Monitor"
(Q-2353) monitors this activity at the cladding failure detec-
tion cabinet in the auxiliary control room and provides local
indication. High radiation, approximately twice background, or
downscale failure of the monitor instrument is annunciated on
point 4E-22, Activity level is recorded in the control room on
multipoint recorder RR-1000.

Hand valves HV-274 and -275 isolate the radiation detectors
when required.

Reactor vessel inlet strainer pressure drop

Pneumatic system 103 provides indication on PdR-103 of
differential pressure across the reactor vessel inlet strainer
and annunciation for high AP on IE-23.

Reactor vessel pressure drop

Pneumatic system L06 monitors total pressure drop across
the reactor vessel and inlet strainer. A recording of this
quantity is provided on PdR-106 in the control room; and the
system actuates the high and low vessel differential pressure

annunciator poiants, 1E-21 and -22.
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Heat exchanger performance

Two thermocouples, No. 107-A and -B are mounted together
on the main piping ahead of the heat exchanger branches, to
measure the common exchanger inlet temperature. Thermocouples
TE-136, -137, -138, and -139 are located, respectively, in the
primary discharge lines of exchangers 1A, 1B, 1C, and 1D. All
of the foregoing are connected to points of a selector switch
on the control room console and may be read individually on
TI-1040,
Main circulating pumps

Local pressure indicating instruments are installed in the
inlet and outlet of each pump. Instrumentation is provided for
the pump motor loads, vibration, and temperatures, as described
in Section 6, "Circulating Pumps.” The pump gland system flow
is monitored as described below under "Primary Coolant System -
Auxiliary.”
Primary cleanup and pressurization

The quantity of water diverted from the primary loop into
the deaerator vessel of the cleanup and pressurization system
is controlled by the letdown and block valves as described
under (1) above. Additional instrumentation is as follows:
a. Deaerator level

Level controller 202 in pneumatic system 202 (Fig.

3.21) senses level in the deaerator vessel and actuates:

(a) level indicator 202 in the control room; (b) high- and

low-level annunciation switches for points 3E-2 and -3;

(¢) a switch that shuts down the primary cleanup system
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pumps on low level; and (d) control valve LCV-202, which

regulates the rate of withdrawal of water from the deaera-
tor by the cleanup system pumps. On extreme high, or
flooding level, the direct-acting level switch of system
204 initiates annunciation on point 3E-1 and closure of
the steam supply valve for the jet ejectors. Setpoint
adjustment only is available to level controller 202.
Upon high off-gas temperature indication by TE-476, TS-476
actuates annunciator 3E-12 and closes the steam supply
valve for the jet ejectors.
Deaerator loss of vacuum

Pneumatic system 20l senses pressure (vacuum) in the
deaerator vessel, indicating same on PI-201 in the control
room. A loss of vacuum annunciation switch is also
actuated by the system when the vessel pressure exceeds
-67.5 kPa (~20 in. Hg) gauge alarming on point 3E-4.
Local deaerator monitors

Local indicating instruments monitor pre-— and after-
condenser primary pressures (vacuum) and primary discharge
temperatures, ejector steam supply pressure, deaerator
inlet and outlct water temperature.
Primary cleanup system pumps

Local indicators for the inlet and outlet pressure of
each pump.
Primary loop pH and conductivity

System 203 measures pH and conductivity of a sample
stream in the cleanup system pumps discharge header. The

sample is discharged to the ILW system. Conductivity is
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indicated on one point of conductivity recorder CR-1020,
and pH on one point of pH recorder ApH-1010, all in the
control room. The pH of the primary coolant water is main-~
tained at 5.0 by controlling the pH of the water in the
primary water head tank (Fig. 3.22). Transmitter ApHT-1200
senses the pH of a sample stream of water taken from the
pressurizer pump discharge line and actuates local recorder-—
controller ApHRC-1200. The milliamp dc output signal from
the controller is then converted by operator ApHRC-1200
to a 0-120 V dc range to control the speed of the pump
delivering the acid solution to the primary water head
tank, in order to hold the pH of the system at the desired
value. Excessive deviations above or below setpoint actuate
limit switches in the recorder section of ApHRC-120C for
high or low pH annunciation in the control room on points
4E-9 and 4E-10. Operator ApHO-1200 is furnished with a
mode switch and a manual control knob which may be used to
manually control the pH (i.e., acid pump speed) of the
primary system.
Primary cleanup system filters

Local indicators are provided for the pressure in the
filter inlet and outlet common headers for use in deter-
mining pressure drop across filters. Externally mounted
differential pressure indicators are also provided for the
prefilters. A flow glass in the common vent header exhi-
bits a rise of liquid level on failure of filter vent ball
float traps.
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Primary cleanup system demineralizers

Flow glasses are provided in the vent line of each
demineralizer vessel, for use in locating leaking ball
float traps. Two local pressure indicators are installed,
one in the interconnection piping of each anion/cation
pair. Externally mounted differential pressure indicators
are also provided for each of the demineralizer columns.
Local pressure indicators are also provided at the inlet
and outlet of the demineralizer recycle pump. Rotameter
flow indicators measure the transfer flow of caustic and
acid solutions from their day tanks to the demineralizer
system during regeneration operations.
Demineralizer afterfilter

Pressure indicators and a differential pressure gauge
are installed locally at the afterfilter inlet and outlet
to monitor for clogging.
Demineralizer effluent contamination

System 127 samples the primary demineralizer effluent
beyond the afterfilter and measures pH and conductivity.
These quantities are indicated locally and recorded in the
control room on multi-point recorders CR-1020 (conductivity)
and ApHR-1010 (pH). Ia addition, CA-217A annunciates
locally and in the control room on 4E-8 and CS-217A closes
the demineralizer outlet valve to shut the system down in
the event the demineralizer is discharging poor quality

water into the primary head tank.
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Primary water head tank level

Pneumatic system 214 (Fig. 3.23) senses the level in
the primary water head tank and transmits a signal which
actuates (a) a switch that initiates low~level annunciation
on point 4E-11, (b) level indicator LI-214 in the control
room, (c) a switch that initiates pressurizer pump shut-
down on low level, and (d) the level controller LC-214
which positions the demineralized water makeup valve. The
loading station has indicators for setpoint and level
measurement pressure.

Pneumatic system 214A provides a backup for system
214 by sensing the level in the primary water head tank
and transmitting a signal which actuates (a) a switch that
initiates low level annunciation on point 4E-12, (b) local
level indication, and (c) a switch that initiates pressur-
izer pump shutdown on low level.

Pneumatic system 215 senses flow in the demineralized
water makeup line to the primary head tank and provides
separate local indication and remote recording of this flow
in the control room,

Pressurizer pump performance

Local pressure indicating instruments are provided to
read the inlet and outlet pressure of each of the main pres-
surizer pumps PU-4A and —-4B and the emergency primary feed
pump, PU-11. TInstrumentation is provided for the pump
motor loads as described in Section 6, "Pressurizer Pumps.”
Systems 176, 177, 178, and 179 regulate the speed of the

pressurizer pumps and indicate the speed in the control
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coeatrol room. The systems attempt to regulate the pump
speeds at any value set into the controller by the control
room adjustment by varying automatically the electric
current supplied to the magnetic clutch. The current will
vary with pump torque requirement. Water cooling of the
magnetic clutch is initiated by the opening of a solenoid
valve simultaneously with motor startup. Flow is sub-
sequently regulated to effect a clutch temperature of
57.2°C (135°F) by means of a control valve responsive to a
gas bulb temperature detector in the clutch housing. The
pump motor is shut down automatically by a temperature
switch when the housing temperature exceeds 73.8°C (165°F)
or by a pressure switch when the water supply to the
control valve falls below 52 kPa (7.5 psi). The low-
pressure condition can result from failure of the solenoid
valve to open initially, or to remain open, while the pump
motor is energized. The pump motor 1s also shut down upon
loss of pump suction pressure, high discharge water tem—
perature, and high discharge pressure 5.9 MPa (850 psig).
Primary loop input

The temperature of the water discharged by the main
pressurizer pumps is monitored by a thermocouple, whose
output may be read on TI-1040 at the cousole. The pressure
of the water ahead of the check valve separating the loop
and the pressurizer pump discharge piping is indicated
locally.

Pneumatic system 216 senses total flow from the low-

pressure system to the primary loop, the shim plate drive
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rod seals, and the normal primary coolant pump seal supply.
The flow signal is recorded in the control room on FR-216.
It is used to actuate a switch on low flow that starts the
emergency pressurizer pump when the emergency pump is in
"automatic"” control mode. Flow recorder FR-216 also
records a signal from flow element FE-258 which is located
between the demineralizers and the primary head tank.,
Primary cleanup system radiation detection

Water samples are withdrawn from the inlet line to
the primary cleanup system filters, from the discharge
line of the afterfilter, and from nine intermediate points
in the primary cleanup system. Alo..g with three sample
lines from the pool's coolant system, these are discharged
into a sink designated sample station No. 1. Radiation
system 250 senses high radiation in the sink and actuates
a local alarm and control room annunication on point 4E-13.
A second radiation system, No. 213, monitors the primary
cleanup system outlet at a poirnt downstream from the first
afterfilter. The detector RE-213 senses any gross low-
level activity and actuates (a) local indicator RI-213 and
(b) one point on the multi-point recorder RR-1000 in the
control room. The linear-log radiation electrometer, ORNL
type Q-2353, incorporates a relay which actuates an annun-
ciatnor point in the control room on either high radiation
or downscale failure.
Miscellaneous

A local indicator, PI-235, is provided to read pressure
in the direct letdown line (01-1012-2), The indicator is
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for use when both valves of the line are closed off and
the primary loop is pressurized; appearance of a pressure
reading signifies undesirable leakage of a line isolation
valve. A local rotameter, FI-228, measures the flow of
demineralized water from pumps PU-18A and —-18B to the pri-
mary cleanup system filters during backflush operations.

System 248 includes control valve HCV-248A, whose pur-
pose it is to create a restriction in the line between the
pressurizer pumps and the primary loop. Local indicator-
controller HIC—-248 normally regulates the contrcl valve
position so as to produce a constant pressure drop, which
is the source of water flow to the loop circulating pump
seals and to the hot water test injection system. Opera-
tion of any of the temperature test initiating pushbuttons
energizes a solenoid valve, HCV-248B, which allows instru-
ment air to bypass HIC-248 and drive HCV-248A toward closed
position. This increases the pressure drop, effectively
raising the pressure available to drive water through the
test injectors. A local pressure indicator, PI—249, dis-
plays the pressure downstream of the valve restriction.

10. Primary coolant system — auxiliary
a. Main circulating pump bearing seals

The flow of water from the high-pressure loop or

emergency pressurizer pump to each main circulating pump

seal is monitored by the following local imnstrumentation:
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(a) inlet pressure indicator in supply line from high-
pressure loop only; (b) inlet flow indicator; (c) pressure
indicator for outlet of first seal stage; (d) pressure
indicator for ou:let of second seal stage; (e) flow indi-
cator for seal outlet; and (f) pressure indicator for seal
outlet. At the same points as (a) and (f) above are
switches to provide inlet flow and low and high outlet
pressure actuation of the "pump seal” annuncilator point
for each pump, 2E-1 through -4,

Safety system temperature test hot water injector supply
The steam flow to the heat exchanger is controlled by

HCV-1124 located in the steam line to the heat exchanger.

Valve HCV-1124 opens to admit steam whenever the command

is given to inject hot water. Local pressure indicator

PI-1123 measures the steam pressure ahead of the exchanger

inlet valves.

The hot water supply to the injectors is monitored as
follows:

(1) PI-1120 indicates local exchanger outlet pressure.

(2) TE-1104 is a thermocouple whose output is rum to a
selector switch supplying temperature indicator
TI-1040 in the control room.

(3) FE-1105 measures total flow to the injectors; the
associated penumatic transmitter output actuates flow
indicator FI-1107 at the control panel.

Primary loop water storage
A purge bubbler in system 429 senses the water level

in the storage tank compartment No, 2 and pneumatically

transmits an indication to LI-429 in the control room.
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11l. Reactor vessel venting
Venting of the reactor vessel is controlled by pneumatically-

operated vent valve HCV-102-A. "Vent” and "Block™ positions of
master switch HS—102 on panel E directly command the vent valve
to open or close, respectvely. “Normal" position of HS-102
places the vent valve under the control of the same switching
matrix that controls the main letdown block valves. Thus, when
HS-102 is in the "Normal"” position, the vent valve will close
when (a) HS~127 on panel E is in "Block" position or (b) when
HS—-127 is in "Normal"” position and either low pressure or high

radioactive contamination conditions exist.

3.3.4 Pool coolant system

The instrumentation associated with the pool coolant system is such
as to provide information and/or control of pool level and flow, tem-—
perature, and contamination of the coolant water circulating through the
loop. The instruments, switches, valves, etc., may conveniently be

grouped as individual systems according to their function in overall

loop control.
1. Loop flow

Since the overflow to the drain scuppers is the source of
water for the pool coolant pumps, the system as such 1s self-
regulating and there is no need for a flow control valve. The
desired flow distribution among the pools may be achieved by
proper positioning of the motor-driven valves in each of the
return lines to the pools.

All pneumatic systems 425, 441, and 468 sense the coolant

flow rate from the heat exchangers to the reactor, critical,
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and combined clean pools, respectively, and provide control
room indication of these measurements.
Loop temperatures

Since the secondary water to the pool heat exchangers is
maintained at a constant temperature by the action of the cool-
ing tower control system (310) as described in Section 3.3.5,
the pool water temperature is held at 35°C (95°F) by regulating
the flow of secondary coolant water to the heat exhanger,
Pneumatic system 330 measures the common exit temperature on
the primary side of the heat exchangers, indicates it locally,
and actuates control valve TCV~330 in the secondary coolant
line to the heat exchnagers to automatically maintain the
desired pool water temperature. Temperature controller TIC-330
is provided with setpoint adjustment only. Thermocouple 424
monitors the common inlet temperature to the pools. Thermo-
couples 430, 452, 459, and 455 monitor the exit temperature of
the critical pool, the two clean pools, and reactor pool,
respectively. All of the foregoing are connected to points on
a selector switch at the console in the control room and may be
read individually on TI-1040,
Pool level

Float switches 422, 457, 458, and 463, located at the sides
of the reactor, critical, and the two clean pools, respectively,
monitor the water level and provide both high- and low-level
annunciation in the control room. The annunciator points are
3E-9 and -10, -21 and -22, -13 and -14, and -17 and -18, Should
a high level occur/in either of the two clean pools, the pool
demineralizer pumps”will automatically be stopped. A high level
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in the reactor pool or critical pool will stop the pool coolant
puunps.

These high—-level shutdowns recuire a resetting of the pump
control circuits before the affectad pump can be placed back on
the line, if the high-level conditica persists for longer than
60 s. This reset action is accndpliéﬁed by placing the appro-
priate pump control switch (SS9, 15; 11, 12) momentarily in the
"0ff-Reset™ position. -

Pool surge tank level o

The water level in the pool sﬁrge tank is automatically
maintained by the all-puneumatic system 401 (Fig. 3.24). The
controller LCT-40l senses the level in the tank and actuates
(1) level indicator LI-401 ia the control room, (2) a low-level
annunciator switch for alarm on point‘jE-IG, (3) a switch that
shuts down the pool coolant pumps on low level (pump reset
required), and (4) control valve LCV-401 which regulates the
flow of demineralized makeup water to the tank.

Pneumatic system 407 senses tﬁé flow in the demineralized
water makeup line and provides separate local indication and
remote recording of this flow rate 1n the contrel room.

Loop conductivity

System 217B measures the conductivity of the gool cleanup
system outlet downstream of the afterfilter. Thisjéuantity is
indicated locally and recorded in the control rnom on a multi-
point recorder, CR-1020.

Coolant pumps

Local pressure~indicating instruments are installed in the

inlet and outlet of each pump to aid in the startup operations

as described in Section 6.3.4 of tue procedures.
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Pool filter

Local pressure indicators are installed in the inlet and
exit filter piping for use in detecting the pressure drop
across the filter. The filter exit pressure indicator also
serves as the common inlet pressure to the heat exchangers. A
fleor glass in the filter OHOG vent line is provided to aid in

the air-bleeding operations as described in Section 6.3.4 of

the procedures.
Heat exchanger performance

Local temperature indicators are mounted in the common
primary inlet and each primary outlet of the heat exchangers.
In addition, thermocouple 432 monitors the combined primary
outlet temperature; it is connected to a point on the console
temperature point selector switch in the control room and may
be read on TI-1040.

Local pressure indicators are provided to monitor the com—-
bined inlet and outlet primary pressures of the heat exchangers.
Pool loop water radiation

Loop water is monitored for radiation by detector RE-423
which is strapped to the common pool exit piping. This
measureuwent is indicated locally on RI-423 and recorded on
multipoint recorder RR-~1000 in the control room; high activity
is annunciated on point 4E-17,

Pool water storage

Purge bubbler system 428 senses the water level in the

storage tank compartment No, 1 and pneumatically transmits an

indication to LI-428 in the control room.
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Pool coolant cleanup

The quantity of water sucked through the defective fuel

element storage tanks and into the deaerator vessel of the

cleanup system is manually regulated by flow control wvalve

FCV-469. Pneumatic system 460 provides local and control room

indication of the flow rate of water into the cleanup system.

Additional instrumentaiton is as follows:

ae

Pool cleanup system radiation detection
Radiation system 427 senses the amount of contamination
in the water leaving the defective fuel element storage

tanks. The detector RE-427, which is located in the line

! to the deaerator, actuates (a) local indicator RE-427, (b)

one point on the multi-point recorder RR-1000 in the
control room and (c) a high activity alarm switch for
control room annunciation on point 4E-18,
Deaerator level

Level controller LCT-454 senses the water level in
the deaerator vessel and pneumatically actuates (a) level
indicator LI-454 in the control room, (b) high— and low~
level annunciator switches for points 3E-6 and -7, (c) a
switch that shuts down the pool demineralizer pumps (auto-
matic restart on level rise), and (d) control valve LCV-454
which regulates the rate of withdrawal of water from the
deaerator by the demineralizer pumps (see Fig. 3.25).

On extreme high, or flooding level, the direct acting
level switch of system 476 initiates annunciation on point

3E~5 and closure of the steam supply valve LSV-476 for the
4
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ejectors. This same steam supply wvalve is closed upon
high HOG temperature at the discharge of the deaerator
condensers.
Deaerator loss of vacuum

Pneumatic system 400 senses the absolute pressure
(vacuum) in the deaerator. An indication of this quantity
is provided on PI-400 in the control room. A loss of
vacuum annunciation switch is actuated by this system when
the vessel pressure exceeds -67.5 kPa (-~20 in.) Hg, to
alarm on point 3E-8,
Local deaerator monitors

Local indicating instruments monitor pre- and after—
condenser primary pressures (vacuum) and primary discharge
temperatures, ejector steam supply pressure, deaerator
inlet and outlet water‘temperatures.
Pool demineralizer pumps

Local pressure indicators are provided in the inlet
and oiitlet of each pump.
Pool cleanup pre-filter

|"+i:iinlire gauges are installed in the inlet and exit
filte. plping for use in detecting the pressure drop
across the filter, ‘

A flow glass ip the filter OHOG vent line is provided

to aid in tlin atr hlaﬁd}ﬂﬁ apeidl toiig a8 described in
Setllull 6.4.% 1 e poesidibi.
Pool cleanup oyse .. dep|pnrd s

Prafdilie gaigon afe Installeqd iy L oni [of unit

inlet, in khe Inkercoppecting plplng of the tation/anion
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pair, in the anion unit outlet, and in the inlet and outlet
of the demineralizer recycle pump.

Flow glasses are provided in the OHOG vent lines from
the cation and anion units for use in system venting.
Rotameter flow indicators measure the transfer flow of
caustic and acid solutions from their day tanks to the
demineralizer system during the regeneration operations.
Pool cleanup after-filter

Pressure gauges are installed in the inlet and exit
filter piping for use in detecting the pressure drop
across the filter.

A flow glass in the filter OHOG vent line is provided
for use in system venting as described in Section 6.4.4 of
the procedures.

Cleanup return f£low

System 426 senses the flow rate of water returning
from the cleanup system to the pool coolant loop. This
quantity is indicated locally on FI-426.

Cleanup system performance

Water samples are withdrawn from the cation inlet,
cation exit (anion inlet), and anion exit piping. These
are discharged into a sink, designated sample station No.
1, for manual checking of pH, conductivity, and radioac-
tivity. Radiation system 250, described in Section 3.3.3,
senses high radiation in the sink and actuates both local

and control room alarms.
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3.3.5 Secondary coolant system

The instrumentation for the secondary coolant system provides informa-
tion and/or automatic control of temperature, flow, pH, and contamination
of the coolant water circulating through the loop.

1, Secondary temperature control

All~electric system 310 is designed to maintain a constant
secondary inlet temperature to the primary loop and pool coolant
heat exchangers by automatic control of the cooling tower fans.
System 310 (Fig. 3.26) measures the temperature at the basin
level of each of the four cooling tower cells, averages the
temperatures, and records the average on TR—-310 in the control
room. Controller TC-310 in the cooling tower equipment building
compares the average with an adjustable setpoint. Deviations
above or below setpoint actuate limit switches- in the controller
which cause a motor—-driven camshaft to rotate in a forward or
reverse direction. Cams on the shaft actuate switches that
sequentially control the cooling tower fans to optimize the
rate and balance of evaporative cooling. There are 16 cam-—
operated switches in all. Eight of these operate in sequence
first, to turn on the fans at low speed. The remainder
transfer the fans to high speed.

" The interval between successive operations of the fan
control switches (i.e., the motor-cam speed) is long enough so
that the effect of the change in speed of one fan is sensed by
the controller before the next change in speed is requested,
but short enough to allow the system to respond effectively to

changes in reactor power,
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Control of each fan may be removed from the automatic sys-
tem by a control room mode selector switch. allowing the fan to
be controlled manually from its pushbutton station on the con-—-
trol room process panel board. Additional information coancern-—
ing manual operation and descriptions of cooling tower fire and
fan—vibration sensing devices is found in Section 6.3.3. High
temperature actuates switch TS-310K to annunciate on point 2E-13,
Primary loop heat exchanger secondary flow

The temperature of the primary coolant water leaving the
primary loop heat exchangers is controlled at 49°C (120°F) by
manual and automatic regulation of secondary coolant flow to
these exchangers. Manually operated locading statiom HIC-377,
located in the control room, provides (1) a 0-138 kPa (0-20
psig) pneumatic signal for positioning throttling valve FCV-377
in the secondary inlet common header lihe to the heat exchangers
and (2) an indication of this output signal pressure., FCV-377A,
a 25.4~cm (10-in.) bypass around FCV-377, is designed to provide
fine control of the secondary coolant flow. FCV-377A can be
operated either manually by HIC-377A or automatically by signal
from the servo TRC-100-4, -5, and -6.

System 300 senses the secondary flow rate to the primary
loop heat exchangers and electrically transmits an indication
of this quantity to FI-300 in the control room.

Pool heat exchanger secondary flow

System 330 maintains a constant pool inlet temperature at
35°C (95°F) by automatically regulating the flow of secondary
coolant water to the pool heat exchangers. A description of

this system is found in Section 3.3.4 of this manual,
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System 306 senses the secondary return flow rate from the
pool heat exchangers and indicates it locally on FI-306.
Primary loop heat exchanger performance

Pneumatic system 302 senses the pressure drop across the
common secondary inlet and outlet of the heat exchangers and
provides an indication of this quantity on PdI-302 in the con-—
trol room. In addition, locally indicating pressure géuges are
installed in the secondary inlet and outlet of each exchanger
for use in determining the pressure drop across individual units.
Thermocouple 343 monitors the common inlet secondary coolant
temperature to the heat exchangers. Thermocouples 352, 353,
354, and 355 are 1ocated,\respectively, in the secondary dis-
charge lines of exchangers 1A, 1B, 1C, and 1D. All of the
above are connected to points on the selector switch on the
console in the control room to be read individually on TI-1040.
Thermometer wells only are provided in the secondary common
inlet and outlet piping to facilitate testing of the heat
exchangers.

Pool heat exchanger performance

Locally mounted differential pressure indicators are
installed across the secondary side of each pool heat exchanger
to sense the coolant inlet and outlet pressure drop.

Temperature indicators are installed locally in the secon-
dary common inlet, in each outlet, and in the common outlet
piping.

Pool and primary loop deaerator monitors

Locally indicating instruments monitor pre— and after-—

condenser inlet pressure and temperature and after-condenser

exit temperature of the secondary coolant water to the units.
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Secondary pressure

System 309 senses the pressure in the cooling tower pump
discharge header and indicates this quantity on PI-309 in the
control room. Direct-acting pressure switch PS-309 actuates on
low secondary coolant pressure to shut down the acid delivery
pumpsu(see following section). /

Secondary pH control

The pH of the secondary coolant water is maintained at a
pre-selected value by system 331 (Fig. 3.27). Transmitter
ApHT-331 senses the pH of a sample stream of water taken from
the cooling tower return water manifold and actuates (1) local
indicator ApHI-331, (2) one point on multi-point recorder
ApHR-1010 in the control room, and (3) controller ApHC-331.

The dc current output from controller ApHC-331 is transformed
into a pneumatic signal by modifier ApHM-331, and the pneumatic
signal regulates the stroke of each of the pumps delivering the
acid solution to the secondary system,

Controller ApHC-331 is furnished with setpoint adjustment,
output indication, deviation indication, a transfer or mode
switch, and a manual control adjustment whereby the operator
may directly regulate the acid addition to the system.

To prevent local concentration of chemicals during periods
of low secondary flow, such as when the reactor is shut-down or
at reduced power, pressure switch PS-309, located in the cool-
ing tower pump discharge manifold, automatically shuts down the
acld delivery pumps on low secondary coolant pressure. When

the pressure is sufficient to permit operation, the pumps may
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be restarted manually by the local "start™ switch. A second pH
system (334) senses the pH of the secondary coolant water to the
pool heat exchangers and actuates (1) local indicator ApHI-334,
(2) two annunciator switches for high and low pH alarm on points
4E-5 and -6, and (3) one point on multipoint recorder ApHR-1010
in the control room, In addition to the alarm functions, this
system serves as a check on the operation of acid—-addition-
control system 331.
Cooling tower basin level

The water in the cooling tower basin is maintained at a
predetermined level by a pneumatic bubbler system which operates
control valve LCV-335 in the makeup water line. This valve,
which opens on falling level, allows makeup water to flow into
the basin to offset evaporation and blowdown losses. A ball
float, located in the basin, is integrally mounted with level
switch LS-332 for basin low level annunciation in the control
room, poiant 2E-14,
Secondary makeup flow

Pneumatic system 336 senses the flow rate of makeup water
to the secondary system and actuates (1) flow indicator FI-336
in the cooling tower equipment building and (2) the ratio con-
troller FM—-325 of the basin blowdown system described below.
Basin blowdown

All pneumatic systems 325 and 336 (Fig. 3.28) control the
secondary coolant system blowdown flow, usually at a rate pro-
portional to system makeup. The proportionality is adjustable
to accommodate seasonal variations in evaporation losses at the

cooling tower.
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Flow indicator-controller FIC-325 receives blowdown flow
rate information from FE/FT-325, compares this information with
a setpoint signal and actuates control valve FCV-325 to regulate
bplowdown flow. When FIC-325 is in the “cascade” mode the con-
troller setpoint is established by a makeup flow signal origi-
nating in FE/FT-336. The flow signal is modified in FM-325 to
achieve the desired proportionality between flows, for which
there is an adjustuwent provided on FM-325, Controller FIC-325
may alternatively be operated in the "automatic™ mode, whereby
it will control the blowdown flow about a manually adjustable
setpoint, completely independent of the makeup flow or in the
"manual” mode, whereby the valve may be positioned by direct
manual control from the controller., To facilitate operation in
any of the three modes, indicator-coniroller FIC-325 is fui-
nished with blowdown flow rate indication, setpoint indication,
a mode selector switch and a pressure regulator for positioning
setpoint on automatic control or for positioning the control
valve directly on manual countrol. A "Reg-valve” switch on the
controller permits the output pressure to the valve to be read
out instead of the setpoint.

Secondary coclant radiation monitoring

Radiation system 325 is intended to monitor for gréSs low— .
level beta—gamma activity in the secondary coolant and to pro- |
vide an early indication of primary-to-—secondary leaks in the
heat exchangers of the primary and pool coolant loops. The
detector, RE-326, is located in the inlet distribution header
to the cooling tower and actuates (1) local indicator RI-326
and (2) one point on multi—point recorder RR-1000 in the con-

trol room.
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Radiation system 702 is located on the cooling tower blow-
down line and is described in Section 3.3.10. The blowdown line
originates at the cooling tower distribution header and, there—
fore, system 702 provides backup information for the secondary
coolant monitor 326.

Cooling tower pumps

Local pressure—-indicating instruments are installed in the
discharge piping of each main pump and in the outlet of the
auxiliary pump.

Secondary coolant system — miscellaneous

a. The flow of process water to the sulfuric acid mixer is
locally indicated on FI-320,

b. The temperature of the water entering the cooling tower
distribution header is indicated locally on TI-337.

c. The level in the acid storage tank is monitored by a
pneumatic hubbler system and is indicated in the chemical

treatment room.

3.3.6 Process water supply and demineralizer chemical supplies

ln

Potable/process water backflow preventers

Two parallel backflow preventers separate the potable water
gsystem from the process water system., Pressure indicating
system 227 indicates the pressure of the process water system
locally and remotely in the control room. Pressure indicating
system 658 indicates the pressure of the potable water system
locally and remotely in the control room.
Plant demineralizer performance

Locally indicating instruments monitor the demineralizer

inlet pressure, inlet flow rate, outlet pressure, and total
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outlet flow. System 374 seunses the conductivity of a sample
stream of water from the demineralizer exit and actuates local
indicator CI~374 and switch CZ-374 for high conductivity annun-
ciation in the control room on point 4E~3, Rotameter flow
indicators are installed in the caustic, acid, and rinse water
supply lines for use during the regeneration and rinsing opera-
tions, A flow glass Ls provided in the vent line of the demi-
neralizer vessel to aid in system venting,
Demineralized water supply tank level

Pneumatic system 605 (Fig. 3.29) senses the water level in
the supply tank and transmits a signal which actuates (1) local
indicator LI~605, (2) two switches for low— and high-level
annunciation in the control room on points 4E~1 and -2, and (3)
control valve LCV-605 in the makeup water line from the plant

demineralizer. Setpolnt adjustment is available to level con-
troller LCT-605.

Plant demineralized water supply pumps

Locally indicating pressure instruments are provided to
monitor the inlet and outlét pressures of each pump. System
614 initiates pressure signals to local and rewmote indicating
instruments and actuates annuunciator 4E—4 upon low pressure in
the demineralized water system.
Caustic storage tank temperature

System 444 senses the temperature of the sodium hydroxide
solution in the tank and directly actuates control valve TCV-444
in the steam supply line to the heater unit., Solution tempera-
ture is indicated locally on TI-444.
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6. Caustic day tank temperature
System 445 senses the temperature of the caustic solution
in the day tank and directly actuates local indicator TI-445
and countrol valve TCV-445 in the steam supply line to the tank
heating unit.
7. Caustic and acid pumps
Locally indicating pressure instruments are installed in
the inlet and outlet of each pump.
8., Miscellaneous imstrumentation

a, Local rotameter flow indicators measure the flow of process/
demineralized water to the primary, pools, and plant demi-
neralizers during rinsing operations.

b. T.ocally mounted sight glasses provide indication of the
levels of the solutions in the caustic day tank, acid
storage tank, and acid day tank.

C. Local rotameter flow indicators measure the transfer flow
of caustic and acid solutions from their day tanks to the
primary, pools, and plant demineralizers during regenera-

tion operations.

3.3.7 Special building hot exhaust and hot off-gas systems

The special building hot exhaust system (SBHE) is described in
Section 7, and the closed and open hot off-gas systems (CHOG and OHOG)
are described in Section 9. The associated instrumentation is discussed

in further detail below and shown in Fig. 3.30.

Special building hot exhaust system instrumentation. Four pitot

tubes (systems 903 and 913 west and systems 904 and 914 east) measure
the air flow in the two main branches of the SBHE system. The pressure

transmitter associated with each pitot tube produces a pneumatic signal,



Fig. 3.30.

Gaseous-waste monitoring system.
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related to flow, which is used to actuate (1) a flow indicator in the fan
shed, (2) a flow indicator in the control room, (3) a switch for low—-flow
annunciation in the control room on points FG-10 and -11, (4) a switch

to trip relay R-102 which automatically starts the standby fan and annun-
ciates this action in the control room, and (5) a switch to trip relay
R-101 which shuts down air-coanditioning units 2, 5, 10, and 14. No rcoin-
cidence circuits are used, and any one of the four systems can initijate
any of the foregoing control actions independently. Upon resumption of
normal air flow, the air-conditioning units will restart automatically;
however, the standby fan must be manually shut down.

To determine the effectiveness of the SBHE system, the differential
pressures between three points in zone 3 and the outside atmosphere are
monitored and displayed in the control room. These points are: the
reactor bay (PdI-900), the beam room (PdI-901), and the experiment room
(PdI~902), Readings for the reactor bay of less than 0.25 cm (0.10 in.)
H20 are annunciated in the control room on point FG-1i.

Additional information concerning switch setpoints and fan control
circuits is contained in Section 7.5.3.

Closed hot off-gas system instrumentation. Pneumatic system 905 is

designed to detect loss of vacuum in the CHOG duct from either filter
plugging or fan failure. Transmitter PT-905 senses the vacuum in the
duct upstream of the filters and actuates indicator PI-905 in the con-
trol room and switch PS-905-1 for loss of vacuum annunciation on point
FG-14, To aid in distinguishing between the two possible causes of
alarm, pneumatic system 915 located downstream of the filters, monitors
for loss of vacuum due to fan failure. Pressure transmitter PT-915

senses the vacuum in the fan inlet and actuates indicator PI-915 at the
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fan shed and pressure switch PS—915-1 which, on low vacuum, trips relay
R-103 to start automatically the standby fan and annunciate this action
in the control room. Once started, the standby fan must be manually
shut down.

Additional igformation concerning switch setpoints and fan control
circuits is\éohtained in Section 9.4.6.

Open hot off-gas system instrumentation. The instrumentation for

this system is identical to that of the CHOG system described above.
Instrument application numbers 906 and 916 correspond to 905 and 915
above, respectively, and relay R-104 corresponds to relay R-103. Llose

of vacuum is annunciated on point FG-16.

3.3.8. Instrument air system

1. Main compressor performance
The flow rate of coolant water from each air compressor
after—cooler and the operating temperature of each after—cooler
are indicated locally. Temperature switch TS-653, located in
the common discharge line of the air compressors opens on high
air temperature 43°C (>110°F) and actuates a common control
room annunciator, point HI-1.
2. Air system performance
The pressure in air receiver AR-6 is indicated locally on
PI1I-623. Should the pressure in the receiver da.up below 365 kPa
(53 psig), pressure switch PS-624 actuates to start the standby
air cowpressor and annunciate this condition in the control
room on point HI-2. Once started, the standby compressor will
continue to run until manually shut down by its lccal “"stop”
switch or its control switch in the control room. Receiver

pressure exceeding 483 kPa (70 psig) causes pressure switch
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PS—-628 to actuate which signals the unloader valves in each
main compressor outlet to open. These valves will automati-
cally close when the pressure in the receiver falls to 413 kPa
(60 psig).

A rotameter flow indicator, FI-626, is installed in the
main distribution header to monitor the total flow rate of
instrument air to the building systen.

System 627 senses the meisture content in a continuous
sampling of the instrument air and provides a local indication
of this quantity on AmI~627,.

Reactor servo system heat-power instrument air supply
monitoring

System 625 sense the pressure in the heat power instrument
alr header and indicates this quantity on PI-625 in the control
room. Should the pressure in the header drop to 296 kPa (43
psig), two-pole pressure switch PSS-651 actuates; Pole A
provides control room annunciation, and Pole B starts the emer-
gency air compressor C—3. Once started, the compressor will
continue to run until manually shut down. Whenever the
pressure in the header exceeds 482 kPa (70 psig), pressure
switch PS~617 actuates and causes an unloader valve to open in
the emergency alr compresor discharge line. The valve will
automatically close when the pressure in the header falls to
413 kPa (60 psig).

The instrument alr pressure in receivers 7-A, 7-B, and 7-C
is indicated locally. Pressure switches PS$S-654, PSS5-655, and
PSS-656 sense loss of air pressure 220kPa (<32 psig) to the
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pneumatic instruments of servo chammels A, B, and C, respec—
tively, and actuate individual annunciators in the control

room.

3.3.9 Gaseous waste monitoring

Instrumentation is provided to measure the overall gaseous and
entrained particulate radioactivity discharged from the HFIR-TRU-TRUF
complex by the HFIR area stack. Additional monitoring instrumentation,
ventilation system sampling, and access facilities serve to identify the
origins of stack activity within the reactor building.

Stack monitoring. The sensors of three radiation channels are

installed at the 15.24-m (50-ft) level in the stack. These channels
employ two probes to sample the stack gas; in each case, the sample is
drawn through a paper—tape filter by means of a vacuum pump and ulti-
mately discharged back to the stack. After passing through the tape
filter, the sample gas stream from one of the probes 1s passed through a
replaceable cartridge charcoal filter to trap iodine. The vacuum pump
and tape advance mechanisms are essentially the same as those used in
the ORNL constant air monitors. With one of the paper-tape filter
assemblies is a G—M tube; this constitutes the sensor for system 907,
which is intended to detect the total of beta and gamma radiation from
entrained gases and accumulated particles on the tape filters. The
other tape filter is monitored for alpha radiation by means of a scin-—
tillation counter, the sensor of system 911. Multiple G-M tubes
surround the charcoal trap, providing for sensitive detection of beta
and gamma from accumulated iodine; these G—M tubes constitute the sensor
for the ilodine detection system. A separate system, complete with stack
probe and vacuum pump, draws a continuous stack gas sample through a

conveniently removable filter cartridge with paper and charcoal
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elements; the elements are to be analyzed in the laboratory for iodine
and particulate accumulations. An anemometer is also provided to
measure total flow in the stack.

The count-rate meters for the three stack radiation channels are
installed in the auxiliary control room and include the calibration
controls and output indicating instruments. Mounted on each count-rate
meter is its high radiation warning lamp and count-rate meter instrument
failure lamp. The vacuum and tape-break sensors are in the stack instal-
lations, each of which also includes a manval tape advance control and a
timer with its on/off control to permit automatic periodic tape advance.
Remote manuai tape advance controls and the tape drive trouble indicators
are located at the Laboratory Facilities Department monitoring center at
Building 3105.

The output indications from the three count-rate meters are recorded
on miniature recorders in the control room and are telemetered to
Building 3105. High radiation on any of the stack monitors, or on the
duct monitor described below, is annunciated in the control room on
point HI-6. The anemometer output signal is displayed only in Building
3105.

The radiation instruments reset automatically when the alarm-—
initiating condition is rewoved. The local instrument failure lamp
represents simply a low reading in the count-rate meter and does not
respond to tape break or loss of vacuum; it must be reset manually at
the CRM.

Duct monitoring. All three main ventilation systems of the reactor

building discharge into a common duct which leads to the stack entrance.
Since this duct serves only the reactor building, concurrent radioactivity
increases in the duct and in the stack indicate the reactor building as

the radiation origin. Channel 912 measures the activity of a continuous
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a continuous gas sample which is withdrawn from the duct far enough
beyond all of the blower discharge points to ensurée mixing of the three
ventilation system effluents. The channel employs a sampling probe,
vacuum pump, and paper-tape filter, and its shielded G—M tube sensor
responds to beta and gamma in both sample gas and accumulated particles
at the filter. The instrumentation, controls, readouts, and alarms are
in all respects identical to that of chanrel 907, the above described
stack monitor system, and the high radiation alarm is annunciated on the
common point, HI-6, with the stack monitors.

Reactor off-gas monitoring. The primary coolzit and pool cleanup

system deaerators are intended to remove dissolved gas contaminants from
the recirculating water. The deaerators are vented to the CHOG system,
and each of the vent lines is monitored for beta and gamma activity.
Radiation channels 252 and 497 serve the primary coolant and pool system,
respectively. Each channei consists of a probe with two G-M tubes, and

a locally installed electrometer. High radiation and instrument failure
actuate the same annunciator point in the control room for e.ch radiation
channel.

The ¢'ectrometer, ORNL Type Q-2353, includes an indicating instrument
and selector switch, which enables the operator to read low level radia—
tion on a 0-10 mr/hr linear scale, high radiation on a 0-100,000 mr/h
log scale, low level alarm setpoint (instrument failure) on the linear
scale, and high radiation level alarm setpoint on the linear scale.
Screwdriver adjustment points are provided for the low and high level
alarm points, as well as for zeroing the instrument. "Power On" and
“"Alarm" lamps are also on the electrometer panel, the latter being de-

energized for either high radiation or instrument failure.
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Local sampling and measurement. Access hatches and handholes are

provided at the ventilation systems filters, to enable measurement of
accumulated radioactive contamination by portable instruments. Taps are
installed on the various ventilation system ducts for withdrawal of

samples for laboratory analysis.

3.3.10 Liquid waste systems instrumentation

The three sources of liquid waste from the HFIR are: (a) inter-
mediate level waste system, (b) process waste drain system, and (c)
secondary cooling system blowdown. The ILW is presumed to be contami-
nated and is collected in the ILW tank. From there it is pumped to the
ORNL waste system or the holding tanks., The main instrumentation of the
ILW system monitors the collection tank level; radioactivity is deter-
mined in the laboratory from samples. The PWD effluent may occasionally
contain significant amounts of radioactiwity. This effluent normally is
discharged to holding pond No. l; it is continuously monitored for flow
rate and radioactivity, and samples are collected automatically for
laboratory analysis. When activity exceeds limits, the PWD flow is
automatically diverted to holding pond No. 2. The secondary coolant
blowdown normally is not contaminated by radioactive materials, and is
discharged directly to Melton Branch. The effluent is monitored in the
same manner as for the PWD, High radioactivity causes the blowdown flow
automatically to be diverted to holding pond No. 1.

ILW System. All-electric system 704 measures level in the ILW
storage tank, and records the information on LR-704 in the control room.
The same information actuates switch LSS~704, which stops pumps PU-4A
and PU-4B on low level; the pumps are otherwise manually controlled.
Timers IQ-706 A and B provide local readouts of total running time of
the pumps.
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Local pressure indicators are provided for the ILW pumps' common

inlet and individual discharges.

PWD system. Systems 707 and 703 function together as follows to

monitor PWD flow and radiation level, and to collect a PWD sample con-

tinuously proportional to flow:

1.

FIC~707 measures PWD flow rate in terms of level backed up by
the weir in monitor station No. 2 (manhole). A bubbler device
is used for the measurement, which provides a pneumatic pres-
sure output to FIC-707 proportional to the water level. Flow
rate is recorded, and total flow is indicated locally; flow
rate is also retransmitted penumatically and recor<ed in the
control room.

A submersible pump in the No. 2 monitor station supplies a
recirculating loop sampling system. The pump discharge nor-
mally passes through a three-way solenoid valve to the sampling
system; a timer in the "pump controller” unit automatically
interrupts the pump operation for 15 s once every 8 h, and, by
means of the solenoid valve, (a) isolates the sampling system
from the pump discharge and (b) admits instrument air to the
pump discharge line to backflush the line and pump.

Beyond the solenoid valve, the sample line branches. One
branch carries a continuous stream past the radiation detector
RE-703 and discharges 1t back to the main PWD stream, and the
other branch leads to the inlet of the sampling pump. The
lattgr is a positive displacement "finger" pump which normally
operates for a short interval every 30 s, and discharges into

the sample collection vessel. The duration of the operating
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period varies from O to 15 s, proportional to the main PWD flow
rate. The operating period duration is regulated by the same
"pump controller” unit referred to above, using flow rate infor-
mation from FIC-707.

4, Radiation monitoring system 703 detects beta and gamma activity
in the continuous sample stream by means of a G-M tube probe.
Count-rate meter RRC-703, in the auxiliary control room, measures
the radiation level; the CRM includes the necessary calibration
adjustments, an indicating meter and a miniature recorder to
display radiation le'.1l, and pilot and alarm lights. Radiation
level information is retransmitted from the CRM to the multi-
point radiation recorder RR—-1000 in the control room. Relay
contacts in the CRM initiate the following: (a) intermediate-
high radiation level or instrument “"downscale"” failure (e.g.,
powver failure) are annunciated together on point FG-3 in the
control room, {(b) the same conditions also cause motor-operated
valve FCV-703A to close and valve FCV-703B to open, diverting
PWD flow to holding pond No. 2, and (c) very high radiation
level is annuncilated separately on point FG-2 in the control
room, alerting the operator to conditions that might require
manually—-controlled diversion of the PWD stream to the ILW
tank. The CRM relay contacts reset automatically a few seconds
after the condition causing the alarm has cleared.

System 710 controls and monitors the level in the PWD sump. When

level switch LSS-710 senses rising level (actually, change in presure of
a purge bubbler element) in the sump, it actuates a solenoid valve which,

in turn, pneumatically causes steam valve LCV-710A to open and operate
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both steam-jet ejector pumps. Level switch LS-710 actuates annunciator
point FG—4 in the control room on high water level in the sump.

Local pressure indicators PI-715 and -716 measure steam pressure at
the ejector pumps.

Secondary cooling system blowdown. Systems 708 and 702 which are

almost identical, respectively, with the above~described systems 707 and
703, monitor the cooling tower blowdown stream at monitor station No. 1
(manhole). The intermediate-high radiation level relay contacts in
count—-rate meter RRC-702 actuate control room annunciator point FG-1,
and cause motor—operated valves FCV-702A and B to operate and divert
blowdown fiow to holding pond No. 1. However, there is no very high

radiation level annunciation.
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4., STORAGE, REFUELING AND POOL WORK

4.1. Fuel Storage

4.,1.1. References

Drawings:

1546-01-M-5011 Isometric of the Pool Area

1546-01-M-5015 Fuel Element Seats for Clean Pools
1546-01-M-5016 Interpool Transfer Platforms for Fuel Elements

4.,1.2. Introduction

Fuel storage is the temporary rvetention of fissionable material out-
side of the reactor core. This fissionable material is normally in the
form of standard HFIR fuel elements; however, fissionable material
belonging to research groups may also be stored at the HFIR.

The methods of handling fissionable materials ovtside the reactor
core must be approved by the ORNL Criticality Review Committee. Design
of fuel storage racks and fuel transfer casks must also be approved by

this committee.

4,1,3. Storage and inspection of new elements

New fuel elements are not normally stored at the HFIR but are
requested and shipped to the HFIR as needed. The new elements are sche-—
duled to arrive, as nearly as possible, just prior to their insertion
into the reactor.

Each fuel assembly is inspected for cleanliness and structural

damage just prior to installation in the reactor,

4,1,4. Storage of irradiated elements

When irradiated fuel elements are removed from the reactor they must
be stored on specially shielded racks in the clean pool for at least 24
hours. They are then transferred to other racks in the clean pools for

further fission product decay prior to shipment to a reprocessing plant.
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There are storage racks for 20 elements in the pools (Fig. 4.1).
Eighteen of these racks (Fig. 2.16) are located in the clean pools and
are used for general purpose fuel storage while the remaining two racks,
located in the reactor pool, are used for special purposes.

Clean pools. The 18 long-term storage racks are located along the
center of the clean pools. These four—place racks (Fig. 4.2) are
located on 53-cm (21-in.) centers and support irradiated elements 61 cm
(2 ft) above the pool bottom.

Each of the storage racks is equipped with a hollow stainless steel
centering post and an outer sleeve. In the centering post and outer
sleeve 0,147-cm~thick (0.058-in.) cadmium foil is sandwiched between
layers of stainless steel. This acts as an absorber of thermal neutrons.
The outer sleeve is surrounded by a 76~cm (30-in.) x 53-cm (21-in.) alu-
minum frame.

Ample cooling for the element is provided by natural convection
through the grating on which the element sits and through the grating-
type cover. Decay heat is removed by the pool coolant system.

Two storage racks, located at the south side of the west clean pool,
are used for short-term storage. AS previously mentioned, freshly irra-
diated elements are stored on these racks for a minimum of 24 hours
before being transferred to other storage racks. These two racks are
similar to others located in the clean pools. Located beneath the racks
is a 7.6—cm—thick (3-in.) steel shadow shield to protect the pool floor
concrete from excessive heating.

Two defective fuel element storage racks, located west of the reac-
tor vessel, also utilize a 7.6—cm—thick (3-in.) steel shadow shield to
protect the pool wall concrete from overheating. When a defective ele-
ment is placed in these racks, it will remain there until the emission
of radioactive contamination has stopped or sufficient decay time has

elapsed for shipment to the fuel reprocessing plant.
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Up to 757 1/min (200 gpm) of pool water flows through the defective
fuel element storage rack and into the pool cleanup system. Therefore,
pool contamination occurs only while transferring the element from the
reactor vessel to the storage rack. In the event of a failure of the
pool cleanup loop, a heat exchanger, located in the reactor pool (Fig.
4.3) will provide up to 300 kW of cooling using natural convection flow

of pool water.
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5. RESEARCH

5,1. Californium~252 Production

5.1.1. References

Drawings:
E-49750-E-49752 HFIR Target Holder
M—~A70582N Prototype — HFIR Target Element Assembly

5.1.2. Introduction

The prime purpose of the HFIR is to establish an unperturbed thermal

013 n/cw?-s for the purpose of producing

flux of approximately 5 x 1
milligram quantities of Californium-252 annually. The central region of
the core, called the "island” has the highest thermal neutron flux and
constitutes the flux trap. It is approximately 5 in. in diameter and
contains the Curium target material in the form of a bundle of target

rods (see Fig. 5.1).

5.1.3 Target

The target assembly is shown in Fig, 2.5. It consists of 31
0.95-cm-0D (3/8-in.) rods spaced in a triangular pattern. The rods are
fabricated from a mixture of curium oxide and aluminum powder which is
pelletized (see Fig. 2.6). The pellets are then packed in aluminum
tubes, capped, and the tubes collapsed onto the pellets to provide good
heat transfer. The targets are centered inside 1.59-cm (5/8-in.)
cylindrical shrouds, thereby providing each rod with its own cooling
channel.

A minimum design flow rate of approximately 2385 1/min (630 gpm) is
maintained through the target assembly while 757 1/min (200 gpm) flows
between the target assembly and the inner fuel element. This corresponds

to a coolant velocity of 12.2 m/s (40 ft/s) in the target region and is



A

Cm244 —— Cm245 .

AN N

26 min. 2.0h

FISSION
Cm246

N

Cf

—» Cm

25 min.

247

ORNL-LR~DWG 50304

FISSION FISSION
o A
0 251

249°__ 4250 _ (251 . 252

N N

290d 3.4h

AN AN

5249 _, gK250

minufes

— Cm248—> Cm249

Am243 o Am2%% _o Am245 _p 296

AN

AN

5.0h

N

Pu242 — py

243

Fig. 5.1.

—» Pu

244

B

11h

puc4s

i1d

N

» Pycdb

2 24
Reactor paths in the production of 25 Cf from 2Pu.

Z-S



5-3

and is more than that required for the removal of the approximately
900 kW of heat generated by the target.

Fission product gasses, consisting mostly of xenon, helium, and
krypton, build up in the target rods during the irradiation period. The
target rods are designed with voids on either end to contain these gases
and have sufficient strength to resist 6.9-MPa (1000-psi) external pres-

sure and the internal pressure resulting from the fission gas buildup.

5.1.4 Approval of targets

It is the responsibility of the Reactor Supervisor and of the
assigned Technical Assistance staff member to inspect and approve all
curium recycle targets before insertion into the reactor.

Since each new curium target may be of a different concentration and
have different amounts of impurities, it is necessary to evaluate the
physical properties (i.e. heat production, etc.) of that target and to
determine the overall effects upon the reactor. This evaluation, in
general, is done by the Chemical Technolegy Division personnel along
with the Operations Division Technical Assistance staff. Dimensional
tolerances and structural rigidity of the target are checked prior to

insertion.

5.2 Hydraulic Rabbit Facility

5.2.1 1Introduction

The HFIR central rabbit facility consists of the necessary piping,
valving, and instrumentation to hydraulically move rabbits between the
reactor core and the rabbit loading station. The piping forms a closed
loop so that no water is removed from the reactor primary water system

during the transfer of rabbits. The differential pressures that exist
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in the primary system are the driving forces which move the rabbits.
Instrumentation is providad for automatic ejection of the rabbits from
the core region upon a flow decrease through the primary system, upon
a flow decrease thruugh the rabbit tube, or upon an instrument air

failure.

5.2.2 Description of the facility

Rabbits placed in the loading station are moved into the reactor
core by water flow from the high pressure side of the core (see Fig.
5.2). This water provides the normal cooling flow 15.1 1/min (4.0 gpm
minimum) for the in-core rabbits. By proper manipulation of the valving,
water from just below the in-core rabbit tube is used to drive the rab-
bits out of the core and return them to the loading station.

The loading station, located on the north wall of the east clean pool,
is connected to the reactor vessel by piping which runs along the north
walls of the east, center, and reactor pools. High pressure water is
obtained from the vessel via RH-l nozzle., A return to the low-pressure
side of the core is provided through a connection on the reactor vessel
outlet water line located just below the reactor pool grating. The
valving manifold and underwater instrumentation are located near the
loading station. The euntire facility, excluding the instrument panel,
is beneath at least 8 ft of pool water, The instrument panel is located
near the loading station at the northeast corner of the east pool.

A concentric pipe assembly is employed as the rabbit transport
system. The inner pipe carries the rabbits, while the surrounding pipe
is utilized for returning primary water to a lower pressure point in the
system. This concentric piping arrangement 1s necessary in the core

region because of space limitations; the rabbit tube actually occupies
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Central rabbit facility flow sheet.



the position of the center target rod in the target bundle. All piping
is 304 stainless steel except that part extending into the vessel; this
portion is 6061 aluminum. The tube extending into the vessel is replace-
able and must be removed before the quick-opening hatch can be removed.

Figure 5.3 gives the dimensions and shape of the rabbits. This
design specifies a capsule madz from the extruded target tubes. The
fins are utilized to space the rabbit away from the tube wall, thus
insuring adequate cooling to all the rabbi® surface. Nine rabbits of
the length shown provide a symmetrical facility loading.

Hydraulic stops are provided just above the core and just before the
loading station. At these two locations, the water velocities in the
central tube can be reduced to zero and the rabhits suspended or stopped.
This is done to prevent the rabbits from slamming into the stops at the
ends of the tubes and damaging the rabbits and/or the tubes. These hy-
draulic stops are created by allowing water flow from opposite directions
to pass from the inner tube to the annulus between it and the outer con-
nentric tube at the regi~n where the stop is located. By proper valve
operation, the two opposing flow streams can be directed through the
outer annulus to the low pressure point in the system through holes
located in the inner tube.

The normal flow discharge from the in-core rabbit tube 1is just above
the fuel grid orifice plate. About 65% of the core differential pres-
sure for the target flow takes place across this orifice plate, thus
providing the necessary stepwise pressure drops in the primary syster
for using a closed loop to move the rabbits. Pressure drops through the

system for normal, three-pump operation are shown in Fig. 5.4. A total
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AP of approximately 0.3 MPa (44 psi) is available for inserting the rab-
bits into the core and for normal in-core cooling. Approximately 0.54
MPa (79 psi) differential pressure is available for ejection of the
rabbits from the core.

Instrumentation. The instrumentation is provided to monitor the

flows through the system. An orifice with a flow recorder is provided
to measure the flow rate in the central tube. A restrictor orifice is
provided to allow some water to flow past the rabbits, although in the
reverse direction, in the event of a mis-valving operation. This ori-
fice is in an unrestricted fiow path from the in-pile rabbit tube to the
system low—pressure point. TIf the normal cooling flow is inadvertently
stopped, approximately 2.65 1/min (0.7 gpm) water flow would automati-
cally be initiated from the bottom of the tube to the system low-
pressure point. This also provides water flow past the bottom rabbits
when they are suspended or stopped above the core.

A delta-flow instrument is utilized to indicate the actual flow past
the rabbits. This instrument subtracts the flow in the line to the
system low—-pressure point from that flowing through the main rabbit
tube, This difference represents the actual flow past the rabbits, A
decrease in this flow past a given set point is utilized to automati-
cally eject the rabbits.

A pressure readout is provided so that the pressure in that portion
of the system containing the loading station, when isolated from the
loop, will be known before the station is opened. When the loading sta-
tion 1s isolated for opening, the isolated portion of the loop is bled
to the letdown system to prevent primary water from escaping into the

clean pool,
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Two solenoid-controlled, air-to-close-pneumatic valves mounted in
parallel are used for normal and emergency ejection of rabbits from the
core. The operation of either valve causes rabbit ejection. The sole-
noids to these valves are instrumented so that when the reactor primary
water flow rate drops below 56,775 1/min (15,000 gpm), the valves will
open. The actuating signals are taken directly from the three Venturi
dP cells in the reactor servo—control-flow-sensing system and cause rab-
bit ejection from a two of three coincidence relay matrix. Approximately
0.4 s is required for the valves to open.

Heat transfer. For the normal coolant flow of 15.1 1/min (4 gpm)

through the rabbit tube, the incipient boiling heat flux is 2,77 x

1010 W/m2 (2,400,000 Btu/h—ftz). The corresponding values when flow is
limited to that through the restrictor orifice are 4.7 x 10° and 5.2 ¥
1010 w/u? (150,000 and 1,650,000 Btu/h~ft2).

In the extreme case of zero flow through the facility with the reactor
continuing to operate at 100 MW, heat would be transferred by natural
convection from the rabbit to the facility wall and eventually to the
coolant in the target region. The incipient boiling heat flux for this

situation has been calculated at about 1.58 x 107 W/m? (50,000 Btu/h-£t2).

5.2.3 HFIR-TRU hydraulic rabbit transfer facility

The HFIR-to~TRU hydraulic rabbit tube is used to transfer irradiated
rabbits directly to the TRU hot cells using pool water and a centrifugal
punp as the driving force. The loading station is located in the east
clean pool 2.74 m (9 ft) below the surface of normal water level., The
tube exits at the east end of the east clean pool, is lead shielded

where it passes through the fuel vault and runs underground until it
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enters the TRU building hot cells. The underground portion of the tube
is at sufficient depth to eliminate any radiatiom hazard during rabbit
transfer.

This facility is used mainly to transfer irradiated rabbits which
have short-lived isotopes that would decay excessively if they were

transferred by the usual method.

5.3 Engineering Facilities

5.3.1 References

Drawings:
43-501-013 HFIR Pressure Vessel
43-501-056 Reactor Vessel Assembly

5.3.2 Description

Provision is made for the future installation of up to four engineer-
ing facilities to accommodate experiments which require a relatively low
neutron flux (see Fig. 5.5). These facilities consist of 10.2-cm-0D
(4-in.) tubes which enter the pressure vessel at elevation 251.5 m (825
ft) and extend downward, at an angle of 41° with the vertical plane, to
the outer periphery of the beryllium reflector. The upper ends of the
tubes terminate at the outer face of the pool wall in the experiment room.

A variety of service connections are provided near the point where
each of the facilities penetrates the pool wall. These include instru-
ment air, normal and normal-emergency electric power, process water,

pool water, CHOG and OHOG outlets, and both process waste and ILW drains.
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5.4 Horizontal Beam Tubes

5.4.1 References

Drawing:

E-42018 Permanent Reflector, Horizontal Beam Tube Liners
Installation

5.4.2 Description

The reactor is provided with three nominally 10.2-cm~ID (4-in.)
horizontal beam tube experiment facilities which extend outward from the
reactor core at the midplane [elevation 250 m (820 ft 6 in.); see Fig.
5.6]. One beam tube, HB-2 extends radially from the reactor center line
with its inner end penetrating the permanent reflector. Another tube,
HB-3, extends tangentially from the core, offset approximately 26.7 cm
(10 1/2 in.) from the reactor center line. It also penetrates the per-—
manent reflector. The remaining tube is aligned on a tangential line
approximately 38.4 cm (15 1/8 in.) from the reactor center line with
both ends extending outward from the reactor. It is arranged to allow
the installation of either two individuvual facilities or a single through
tube. The two ends of this tube are designated HB-1 and HB-4,

Each of the tubes is made of aluminum and is sealed to, and supported
by, the reactor pressure vessel by means of a system of clamped and
bolted flanged joints. From the flanged connection at the pressure
vessel, each tube continues through the reactor pool and pcol wall and
terminates in a recess located in a large cavity in the reactor pool
wall, where it is fastened to the outside of the pool wall by a bolted
flanged joint. This joint is sealed to a continuation of the pool liner

by means of a double-bellows, flexible joint.
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The recess inside the cavity is provided with a 6.35-cm (2 1/2-in.)
SBHE vent, a 3.8-cm (1 1/2-in.) drain, stainless steel pipe sleeves,
conduit sleeves, and 110-V duplex instrument and normal power receptacles.
These services are brought out to valve stations and to quick—disconnect
couplings at the shield face beside the beam port. Other services at
each beam port include 414 kPa (60 psig) air, demineralized water, reac—
tor pool water (supply and return), process drain, and an OHOG vent
line. Additional electrical outlets are also provided.

At the reactor end, each of the beam tubes is force-convection
cooled by water flowing through 24 parallel milled grooves cut longitu-
dinally into, and equally spaced around, the periphery of the tubes.
Defined flow passages are formed by covering the tube with a close
fitting jacket. Reactor primary coolant water is forced through the
coolant jacket by the pressure drop across the reactor core. Water from

the pool cleanup system is used to cool the inside of the beam tubes.

5.5 Vertical Experiment Facilities

5.5.1 References

Drawings:

E-42017 Permanent and Semi-Permanent Reflector Assembly
E-49702 Removable Reflector Model "C" Assembly
42-501-060 HFIR Pressure Vessel Top Head

5+.5.2 Description

The permanent reflector is penetrated by 22 vertical holes which
extend completely through the beryllium. The vertical holes are lined
with 6061 aluminum. Sixteen of these holes have an inside diameter of

4,02 cm (1.584 in.). They are located concentric with the core and
are on two circles of radii 39.3 and 44 cm (15.438 and 17.344 in.),
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respectively. The other six holes have a 7.2-cw-ID (2.834-in.) and are
lccated in a concentric circle of radius 46.3 cm (18.219 in.). In addi-
tion to these 22 vertical holes, four similar 3.6—cm (1.400-in.) and
four 1.,27-cm-ID (0.5-in.) vertical holes are located in the removable
beryllium and eight 1.27-cm~ID (0.5-in.) vertical holes are in the semi-
permanent beryllium.

The vertical facilities in the permanent beryllium are located
beneath the upper plenum cover. Access to these facilities is by means
of special nenetrations through the plenum cover. The vertical facili-
ties in the removable beryllium are reached by removing the inner shroud

during fuel replacement.

5.6 Handling of New Research Experiments

The following procedures are for the handling of new research experi-
ments from the time of initial contact by the research personnel with

Operations personnel until the termination of the experiment operation.

5.6.1 Preliminary contact of operations by research

Research personnel may initially contact anyone in the Reactor

Operations Section. When this occurs, the research man shall be
directed to the Reactor Experiments Coordinator. In some cases,

discussions may be desirable with the Reactor Operations Section Head.

5.6.2 Preliminary review and space assignment

The Reactor Experiments Ccsrdinator will handle the space assign-
ments and will obtain any technical aid from the operations Technical
Support Group and the I&C Division on the experiment design after all
space assignments and other initial decisions have been made by Reactor

Operations Section through the Reactor Experiments Coordinator.
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5.6.3 Assignment of the experiment to technical persoanel

After all preliminaries have been completed, the handling of the
experiment may be turned over to an Operations technical man selected by
the Operations Technical Section Head if technical support is not being
supplied by another ORNL division. The duty of this person is to see
that initial requirements in the design and installation of the experi-
ment are met by the researcher. He will also see that any necessary
changes or developments in design and installation have the approval of
the Reactor Operations Section. He will see that the initial require-
ments in the design and installation of the experiment are met by the
researcher, He will require that the research personnel complete, at
the earliest possible date, an experiment information form for experi-
ment review and submit it to the Reactor Experiments Coordinator to
obtain the necessary safety and operability approvals from the Operations
Division and, in most cases, from the Reactor Experiment Review Committee,

before the experiment can be installed.

5.6.4 OQperability review by Operations Division

The operability review should be made in the early stages of design.
This may involve only a meeting with Operations Division personnel to
review the following items:

1. operational feasibility and compatibility with other experiments
and with reactor operations;

2. adequacy of equipment design from the standpoint of installation
into, and removal from the reactor; and

3. provisions for neutralizing the equipment, in case of failure,
so that reactor operation can continue. ;
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5.6.5 Review by the Experiment Review Committee

When Operation Division's requirements for the overall experiment are
met, written approval for the experiment will be given by the Reactor
Experiments Coordinator who will request that the experiment be reviewed
by the Reactor Experiment Review Committee if it is considered suffi-
ciently complex, hazardous, or different from already approved experi-
ments; otherwise, the experiment will be considered approved for
operation in a reactor. Those experiments requiring review by the
Reactor Experiment Review Committee will be considered ready for opera-—

tion only after they are reviewed and approved by the Committee.

5.6.6 Installation and inspection of the as-built experiment

1. All aspects of the installation of the experiment, including
the scheduling of the time of installation, will be handled by
the Operations Division technical man assigned to the experi-
ment or by the appropriate technical group from another divi-
sion. After the installation is complete, a final inspection
should be made by the Reactor Supervisor in order to know that
the “as-built™ equipment meets the required specifications.
Also, the specimens to be irradiated should be inspected, if
possible, before irradiation in the system.

2. After the experiment is installed, the responsibility for
liaison between Operations Division and research becomes the
responsibility of the Reactor Supervisor who may at any time
request assistance from the Operations Technical Section or the
Reactor Experiment Coordinator,

3. Reinsertion of specimens in an approved facility will be under

the direction of the Reactor Supervisor.



4, Reinsertion arrangements for an experiment facility which has
been removed should be directed by the Reactor Experiment
Coordinator in the same manner as for a new experiment which
has already been approved by the Reactor Experiments Coordina-

5. Changes, either in the method of operation or the physical
makeup of an experiment, should be approved by the Reactor

Supervisor and the Reactor Experiments Coordinator.

5.6.8 Termination of experiment

Terrination of an experiment will be reported to the Reactor Experi-
ments Coordinator by the Reactor Supervisor. The Coordinator will take
steps to place the Experiment Information File in the "inactive" files
and notify the appropriate personnel that a facility has been vacated

and may be offered for use to cther research groups.

5.6.9 Disposal of used experimental equipment

Disposal of the used equipment from any experiment will be handled
by the Reactor Supervisor and the research personnel involved. Storage
of any equipment in the Operations area should be approved by the

Reactor Supervisor.

5.7 Experiment Preoperational Checks

Prior to reactor startup, all new experiment installations must be
thoroughly chcked to ensure that the materials, workmanship, and com-
ponents meet the safety requirements for the experiment and that all
preinstallation requirements such as pressure and leak testing, weld
x~rays, etc., have been met. 1In addition, it is necessary to check each
safety monitor to establish that it will perform the necessary correc-~

tive action as stipuli.z~d in the experiment approval, This initial
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prestart check is made by both the Reactor Experiments Coordinator and
the Reactor Supervisor. Subsequent startup checks are generally done as

a part of the reactor startup checks.

5.8 Coverage of Experiments by Operations Division Personnel

In order to ensure that unmanned research experiments are covered
efficiently, safely, and expediently by Operations Division personnel,
it is essential that all personnel be properly informed and that opera-—
tional changes be relayed from one shift to the next, The following
procedure summarizes the coverage of research experiments and the
general steps to be taken in the event of difficulties,

A notzbook is provided for all written instruction. In
addition to the usual information supplisd by the experiment
sponsor, the "Experiwment Infermation Sheet” will be filled out
by the experimenter or someovne deleguated by him to summarize
the experimenter's instructiens. These ivnstructions must be
up—to—date at all times and reviewad each week. If special
instructions are made by an experimenter on the 4-12 or 12-8
shifts, the Shift Forewan will put them in the proper notebook
position and leave a notice in the log book that additional
instructions or changes in instructions have been received.
Otherwise, all instructions from the experimenter must be pre-—
sented to the Reactor Supervisor for review before being put
into the notebook. When an experiment facility is not in use,
the instructions will be removed from the notebook and filed by
the Reactor Supervisor or someone delegated by him. The Shift
Foremanr is to check all instructions at the beginning of each
shift for any changes. He should then give these instructions

to all operators concerned.



6. COOLING SYSTEMS

6.1. Introduction

The cooling requirements for power operation of the HFIR are satis-
fied by two separate cooling systems. One of these, the reactor cooling
system, 1is designed to remove virtually all of the energy from the core.
This system uses demineralized water as the primary coolant which is
pumped through the reactor tank at a design flow rate of 56,775 1/min
(15,000 gpm). The primary coolant then passes through the tube side of
three of the fecur primary heat exchangers where it gives up its heat to
the secondary coolant which is circulated through the shell side of the
heat exchangers. The secondary coolant (treated process water) is then
circulated through a conventional induced-draft cooling tower which
dissipates the heat to the atmosphere.

Approximately 0.4 MW of reactor heat is transferred to the reactor
pool by conduction from heated surfaces and as the result of absorbed
radiation., To accommodate this aad up to 0.5 MW of heat released by
stored spent fuel elements, a second cooling system. the pool cooling
system, permits circulation of 1000 gpm of pool water through the shell
sides of two heat exchangers. The same secondary coolant system is used
as in the case of the reactor cooling system.

Because of the heat generated by the fission product inventory in
the core, 1t 1s necessary to provide cooling to the core for some time
following shutdown. Under normal circumstances this is handled by the

primary circulation pumps. In the event of a failure of power to the



main pump motors, adequate coolant flow is maintained by battery-powered
dc motors attached to the shafts of the main ccolant pumps. Any one of
these motors can provide coolant flow sufficient to prevent damage due
to afterheat. This dc-powered circulation system can also be used for
operation at 10 MW during a normal-power outage.

Each of the water systems has associated with it various components
for the purpose of demineralizing, deaerating, and measuring the flow.

Most of these components are located in the water wing of the building.

6.2 The Primary Coolant System

The primary reactor coolant is demineralized light water which is
maintained at a pH of 5.0 + 0.1 to minimize corrosion of the aluminum-
clad fuel element. The system is designed to operate at a maximum reac-
tor inlet pressure of 6.9 MPa (1000 psi); however, the normal operating
condition is with an inlet pressure of 5.2 MPa (750 psig).

As illustrated in Fig., 6.1, the primary coolant enters the pressure
vessel through two 40.6—cm (16-in.) inlet lines located near the top.
It passes, by parallel flow paths, through the fuel elements, control
rods, target, and reflector and leaves the pressure vessel through an
45.7-cm—diam (18-in.) line at the bottom of the vessel. The design
inlet temperature is 49°C (120°F) and the inlet pressure is 4.3 MPa
(600 psi). At 100 MW operation with 56,775 1/min (15,000 gpm) flow the
design exit temperature and pressure are 75°C (167°F) and 3.6 MPa (525
psi), respectively.

Upon leaving the pressure vessel, the exit line passes through the
pipe tunnel where it branches into three of four parallel headers
leading the hot water to three of four heat—exchanger cells. The 49°C
(120°F) water from each heat exchanger enters the associated main cir-

culating pump. Flows from the circulating pumps recombine in the pipe
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tunnel and return to the reactor pool where the water passes through a
strainer before entering the reactor vessel, Sensing devices for
measuring temperature and pressure, as well as the main Venturi for
measuring flow, are located in the return line within the pipe tunnel.
The location of these devices is shown in Fig. 6.2.

A 577-1/min (150-gpm) bypass flow is taken from the main coolant
flow stream at the heat exchanger exits. This bypass flow is sent to
the primary coolant cleanup system which consists of a deaerator,
filters, and deminalizer. Primary coolant pressure is maintained by
pressure—controlled letdown valves located in these bypass lines at the
heat exchanger exit. The 577-1/min (150—gpm) return flow of clean water
passes through the primary coolant pressurizer pump and returns to the
main system in the pipe tunnel just upstream of the monitoring devices.
This return flow is adjusted manually by varying the pressurizer pump
speed with a magnetic coupling. The high pressure portion of the system
is provided with two relief valves: one set at 6.7 MPa (975 psi) and
one set at 7.1 MPa (1025 psi). Both valves discharge to the primary
coolant storage tank.

It is convenient to divide the primary coolant system into two sub-
systems. The primary coolant high-pressure system, which has a capacity
of approximately 52,233 1 (13,800 gal) contains the reactor pressure
vessel, high—-pressure piping, primary heat exchangers, pressurizer pumps,
and main cooling pumps. The primary coolant low-pressure system, which
has a capacity of approximately 26.5 m3 (7000 gal), contains the cleanup
system deaerator, filters, and demineralizers. The systems are separated

by the letdown valves and the pressurizer pumps.
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6.2.1 Primary coolant high pressure system

Reactor vessel. The reactor vessel, described in detail in another

section, is designed to operate at internal pressures up to 6.9 MPa
(1000 psi) at temperatures below 93.3°C (200°F). It is fabricated of
7.3-cm-thick (2-7/8-in.) carbon steel with 0,25-cm—thick (1/10-in.)
weld-overlaid stainless steel on the outside and 0.317-cm—thick
(1/8-in.) stainless steel cladding on the inside. The vessel head is
35.6 c¢m (14 in.) thick, also of stainless steel clad carbon steel.
Drive components for control rods and fission chambers enter through a
bottom flange. Various oblique, vertical, and horizontal openings are
provided for experiment installation. The top head includes a central
quick—opening hatch through which fuel elements, targets, reflector
pieces, and control rods can he moved. In addition, there are numerous
flanged openings in the top head to permit access to the vertical exper-—
iment positions in the beryllium.

High pressure piping and filter. High pressure stainless steel

piping connects the reactor vessel with the heat exchangers and pumps.
Water enters the top of the reactor vessel through two diametrically
opposed 40.6-cm (16-in.) lines. The outlet from the reactor vessel is a
single 45.7-cm (18-in.) line which runs from the bottom of the tank
through the pool liner and biological shield to the pipe tunnel. From
this point, the header continues in the tunnel to feed the four indivi-
dually compartmented heat exchanger—pump combinations. A 25.4-cm
(10—in.) inlet line branches from the main header to the tube side of
each heat exchanger. From the heat exchanger outlet, the line continues
to the main circulation pump and returns to a 50.8-cm (20-in.) return
header in the pipe tunnel. This 5G.8-cm (20-in.) return header runs

parallel to the outlet header in the pipe tunnel and continues into the



reactor pool. Here it passes through the inlet filter, which contains a
wire mesh basket with a maximum opening of 0.09 cm (36 mils), before
branching into the two 40.6-cm (16-in.) reactor inlet lines and entering
the reactor vessel. The general arrangement is shown in Figs. 6.3, 6.4,
and 6.5.

Heat exchanger. The primary heat exchangers are of the shell and

U-tube type, mounted vertically, and designed to permit tube-bundle
removal., Each heat exchanger, together with its associated circulation
pump and letdown valve, is located in an individually shielded
compartment. Each heat exchanger is designed to transfer 34.3 MW
(approximately 117 million Btu/hr) from the primary cooling loop to the
secondary cooling loop. Thus, only three heat exchanger-pump combina-
tions are required for full power operation. The nominal design flow
rates are 11,925 1/m (5000 gpm) at 75°C (167°F) in the primary system
and 26,495 1/m (7000 gpm) at 29.4°C (85°F) in the secondary system.

The heat exchangers are approximately 10.4 m (approximately 34 ft)
long and contain 1,190 U-tubes, each 1.59 cm (5/8 in.) in diameter. The
tube side is designed to operate at up to 6.9 MPa (1,000 psi) at 93.3°C
(200°F), and the shell side is designed for 1.03 MPa (150 psi) at the
same temperature. The tube bundles can be removed by the reactor bay
crane through normally plugged and shielded hatches in the top of the
heat exchanger cell (reactor bay floor). The heat exchanger support
channel is at the 251.7-m (826~ft) level with the remainder of the heat
exchanger extending into the pit to the 242.6-m (796-~ft) elevation. All
primary coolant system valves are located in the heat exchanger cells.
Each heat exchanger-pump combination can be isolated from the system by

motorized valves on the heat-exchanger inlet and pump discharge lines.
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Personnel may enter the cell containing the isolated unit while the
reactor is at power, Access to the cells is from the first floor of the
water wing.

Circulating pumps. The vertical centrifugal primary coolant pumps,

Fig. 6.6, take their suction from the individual heat exchangers. Each
pump is located in the same cell as its associated heat exchanger. The
hatches in the reactor bay floor permit pump removal by the reactor bay
crane. Each main pump, PU-1A, —-1B, ~-1C, and —-1D, will deliver at least
18,925 1/m (5,000 gpm) against a 1l1l1-m (365-ft) head of water when three
pumps are operated in parallel. They are driven by 2300 V, ac, 600 hp
squirrel cage induction motors coupled to the pump shaft.

Directly coupled to each ac motor shaft is an auxiliary 3-hp, series
wound, dc motor called a "pony motor."” These motors are supplied with
120-V power from a fajilure-free system (see Section 10.8) and each one
is capable of supplying at least 4921 1/m (1300 gpm) to the reactor.
Shaft seals for the pumps are limited leaxage mechanical type. Curves
showing the pump characteristics are given in Fig. 6.7.

In normal operation both the main ac motor and the pony motor are
energized and supply torque to the pump rotor. Because only three main
pumps are normally requ’red at full power, a selector switch in the
control room is provided to permit selection of the spare ac motor which
is not to bz included in the automatic startup sequence. The correspond—
ing pony motor must be locked out by means of a manual circuit breaker.
The main pump motor “"Start-Stop" pushbuttons and running lights are
located in the control room and a "Stop"” pushbutton is located in each
of the pump cells. The main pump motors are automatically stopped by

any one of the following conditions:
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1. overload (relay must be hand reset to start),

2. ground fault (relay must be hand reset to start),

3. opening of the door to the 2400-V motor starter,

4, excessive vibration,

5. low pressure in the primary loop, or

6. loss of normal 2.4-kV power.

Whenever a main circulating pump is on the line, the associated pony
motor should be energized. The pony motor may be shut down only by
opening a safety switch located in the battery room. An ammeter in the
metering cabinet indicates current supplied to, or taken from, the bat-—
tery bank. The dc pony motor also has a shunt field which permits a
test at full load current with the main motor in operation. The test
pushbutton which energizes the shunt field is located in the control
room, as is the ammeter indicating the test current. The test circuit
is shown in Fig. 6.8. The test is prevented on loss of ac power to the
motor.

Alarms are received in the control room should any of the following
abnormal conditions exist at the primary coolant pumps:

1. winding temperature higher than normal,

2. winding temperature approaching insulation damage point,

3. excessive vibration,

4, high motor-bearing temperature,

5. charger failure or dc ground in battery charger,

6. abnormally high current to the pony motor series field,

7. abnormally low current to the pony motor series field, and

8. abnormal water flow or pressure to the mechanical seals.

Pressurizer pumps. The two main pressurizer pumps, PU-4A and -4B,

are 9-stage horizontal centrifugal pumps. A variable speed drive
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enables each pump to deliver up to 1136 1/m (300 gpm) at pressures up to
6.9 MPa (1000 psi). The characteristics of these pumps are shown in

Fig. 6.9. A small 33-gpm single-stage vertical centrifugal pump operated
by the normal—-emergency power supply, maintains primary loop pressure and
circulating pump seal injection water flow during a failure of the normal
power., The pressurizer pumps are located on the ground floor of the
water wing. They take water from the primary water head tank (see
Section 6.2.2) and discharge into the high pressure system between the
main circulation pumps and the inlet to the reactor vessel.

The flow rate of water bypassed into the low pressure cleanup system
is determined by the speed of the pressurizer pumps. The setpoint of the
pressure—controlled letdown valves controls the pressure in the primary
system. The pressurizer pump variable speed unit consists of a 2300-V,
300-hp squirrel-cage induction motor and an "eddy current” coupling. A
selector switch in the control room permits the selection of a pressur-
izer pump to be started in the "automatic-sequence” mode. Each pump has
a spring return "Stop-Neutral-Start” selector switch, a "Standby™ push-
button, and a running light in the control room. In normal operation
one pump is running while the other is in standby. The standby pump
will automatically start upon an abnormal reduction of primary coolant
system pressure. The pressurizer pumps are automatically stopped by the
following conditions:

l. overload (relay must be hand reset to start),

2. ground fault (relay must be hand reset to start),

3. opening of the door to the 2400~V motor starter,

4, low coolant pressure 51.7 kPa (7.5 psig) to the variable speed
coupling unit,

5. loss of voltage,
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6. low suction head pressure (after a 5-s time delay), and

7. high discharge temperature 65.5°C (150°F) and pressure 5.86 MPa
(850 psig).

The eddy-current coupling variable speed drive units are automati-
cally started and stopped whenever the corresponding drive motor is
started and stopped. Each unit is provided with a manually operated
potentiometer and a speed indicator; both are located in the control
room.

The emergency pressurizer pump has a locally mounted “Run-0ff-Auto”
switch to permit selection of the mode of operation. In the automatic
mode the pump is automatically started by either a low-flow sensing ele-
ment in the discharge line of the main pressurizer pumps or by an auxi-
liary contact in normal-emergency switchgear unit No. 1 during a failure
of normal power. The pump, once started, will continue to run until
manually stopped. Running lights for the pump are located at the local
"Run-0ff-Auto” switch and at a "Remote Control-0ff"” selector switch in
the control room. The “"Remote Control-Off"” switch permits the pumps to
be shut down from the control room. When elther the "Remote Control-0ff"
switch or the "Run-Off~-Auto™ switch 1s in the "Off"” position, an alarm

1s sounded in the control roon.

6.2.2 Primary coolant low pressure systenm

The low pressure portion of the primary cooling system is the primary
cleanup system and is separated from the high pressure cooling loop by
the letdown valves and the pressurizer pumps. This system containg the
following equiment: deaerator, pumps, prefilters, demineralizers, after-—
filters, and primary coolant head tank with interconnecting piping. The
flow schematic is shown in Figs. 6.10 and 6.11, with the arrangement of

this equipment, which is located in the water wing, shown in Fig. 6.12.
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Description of flow in low pressure system. Primary coolant dis-

charged through the letdown valves is sent through the primary coolant
cleanup system before being returned to the high pressure system by the
pressurizer pumps. The maximum design flow rate through the cleanup
system is 757 1/m (200 gpm). The flow rate 1is controlled by varying the
pressurizer pump speed. The flow from the letdown valves is joined by
small flows of primary coolant from the primary circulation pump seals
and the reactor tank top vent (to remove trapped gases). The composite
of these flows passes through a l4.6—m (48-ft) section of 30.5-cm-diam
(12-in.) pipe located in the pipe tunnel. At a flow of 757 1/m (200
gpm), this provides approximately 90 s for the decay of N16 before the
water leaves the pipe tunnel. From the N16 decay line, the water enters
the primary coolant deaerator. Here most of the dissolved iases are
removed and sent to the closed hot off-gas system. The deaerator also
serves as a surge tank to handle changes in the letdown flow rate.

One of two 757 1/m (200-gpm) centrifugal pumps, PU-2A and -2B, pumps
water from the deaerator through the remainder of the cleanup system to
the primary coolant head tank. A flow control valve throttles the flow
from these cleanup pumps to maintain a constant level in the deaerator.
The cleanup flow passes through one of the two prefilters into one of
the two demineralizer systems. These systems are identical; each con-
sists of a cation bed followed by an anion bed. The common discharge
line from the demineralizers passes through two afterfilters before dis-
charging into the primary coolant head tank. The afterfilters located
in the exit line from the demineralizers prevent the resin fines from
escaping.

A level control valve supplies plant demineralized water to the pri-

mary coolant head tank during primary coolant cooldown or as required by
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leakage. The primary coolant head tank provides the suction head for
the pressurizer pump.

Deaerator. The primary coolant deaerator, also shown in Fig. 6.12,
is designed to reduce the concentration of dissolved gases in the pri-
mary cooling water. During normwal operation these include A, 02, HZ’
C02, and traces of fission gases. In the event of a fuel element melt-
down or leak, the gaseous fission products are removed from the water
and discharged into the closed hot off-gas system. The deaerator, with
its associated steam jets and condensers, is located on the first floor
of the water wing. This equipment is enclosed in a cell shielded by
91.4 cm (3 ft) of high density concrete or its equivalent. Inlet and
exit primary water lines and off-gas lines are also shielded.

Primary water enters the deaerator tank from the N16 decay line
located in the pipe tunnel. As the water enters the deaerator it falls
through a bed of Raschig rings and is collected in the bottom of the
tank. The primary cleanup pumps, PU-2A or B, take their suction from
the bottom of the deaerator vessel. A pneumatic level sensor transmits
a deaerator vessel liquid level signal to the main control room and to
the flow control valve located on the discharge side of the cleanup
pumps. The pH is monitored by a cell which receives a sample from the
common discharge of these pumps and returns it to the ILW system. Water
conductivity is also monitored at this point. Both conductivity and pH
are recorded in the control room.

A vacuum is maintained in the deaerator tank by a steam—jet ejector
system which consists of a precondenser, high-vacuum ejector, low—vacuum
ejector and an aftercondenser. The evolved gases are discharged to the
closed hot off-gas system. The condensers are cooled by secondary

coolant. Condensate from both pre- and aftercondensers is returned
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directly to the deaerator tamk. A deaerator overflow line is provided

which discharges into the intermediate level waste system.

Filters and demineralizers. The primary coolant filters and demi-

neralizers are designed to remove particulate and dissolved material
from the primary coolant. During normal operation the prefilters pre-
vent particulate material from reaching the demineralizers. The after-
filters remove demineralizer-resin fines from the water before it is
returned to the high pressure system. The demineralier resins remove
dissolved contaminants from the water. In the event of a fuel meltdown,
particulate and dissolved fission products in the water will be removed
by the filters and demineralizers. The prefilters, demineralizer units,
and afterfilter, shown in Fig. 6.13, are located in a pair of shielded
cells on the ground floor of the water wing.

Each of the two prefilters has a nominal flow capacity of 757 1/m
(200 gpm) and consists of 28 porous tubes, 7.0 cm (2 3/4 in.) in
diameter by 49.5 cm (19 1/2 in.) long, made of sintered stainless steel.
Water flows from the outside to the inside of the tubes through 20-micron
pore openings. These filter elements can withstand a pressure drop of
1.03 MPa (150 psi). Additional shielding is provided by 7.6 cm (3 in.)
of lead around the filter shell. Both prefilters are venced to the open
hot off-gas system through ball float traps. Each unit can be operated
from outside the shielded cells.

The demineralizer system consists of two units in parallel, each
with a design flow rate of 378 1/m (100 gpm). Each unit consists of a
cation bed and an anion bed in series. Each cation bed contains 0.99
w3 (35 ft3) of cation resin in a vessel 1.2 m (4 ft) in diameter by
1.8 m (6 ft) high. Each anion bed contains 1,7 m3 (60 ft3) of anion
resin in a similar vessel 1.52 m (5 ft) in diameter by 1.8 m (6 ft)
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high. Under normal operating conditions, one unit is in service. Some
of the cation effluent may be bypassed around the anion bed to aid in
maintaining a system pH of 5.0 + 0.1. Additional "local shielding is pro-—
vided by 7.6 cm (3 in.) of lead surrounding the cation tanks. The anion
tanks are not directly shielded.

The afterfilters, located in series, are designed for a 757-1/m (200-
gpm) flow rate. The filter element is 100 mesh stainless steel screen
which has a mean pore opening of 120 microns. The filter element can
withstand a maximum presure differential of 1.0 MPa (150 psi), the TDH
of the cleanup pumps. Pressure drop across a clean filter is 0.0l MPa
(1.5 psi) at 757 1/m (200 gpm) flow. The first afterfilter can be
operated and cleaned from outside the shielded cell. ©Neither can be
bypassed.

From the afterfilters the clean water is sent to the primary coolant
head tank which is located on the first floor of the water wing. It is
a 9463-1 (2500-gal) horizontally mounted stainless steel tank 2.0 m
(6 ft, 6 in.) in diameter by 3.56 m (11 ft, 8 in.) long.

6.2.3 Primary coolant makeup, fill, and drain systems

During routine operation at pressure, makeup water to replace that
lost by leakage from the system is furnished by the plant demineralized
water pumps, PU-18A and -18B. This is automatically supplied to the
primary coolant head tank through a water level control valve.

Several lines are available to permit filling, draining, and flushing
the system at low pressure. A shielded 75,700-1 (20,000-gal) primary
coolant storage tank is located underground at the northeast corner of
the building. Water from the primary coolant system can be sent

directly to this tank or can be routed through the primary coolant
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demineralizers by means of a 5.1-cm (2-in.) line which bypasses the pres-
sure letdown valves and deaerator. A 7.6-cm (3-in.) line connects the
discharge of the primary coolant afterfilter to the discharge iine of the
pressurizer pumps, thus permitting the primary coolant cleanup pumps to
send water to the primary coolant system. Thus, it is not necessary to
use the large pressurizer pumps to circulate primary coolant through the
filters and demineralizers while the reactor is depressurized. A sche-
matic diagram of the fill-and-drain lines is shown in Fig. 6.14,

The roof top of the underground water storage tank is at grade level.
Its walls, floor, and roof are of 35.6-cm-thick (14-in.) concrete. The
inside is lined with plastic sheets bonded together to form a watertight
shell. A 10.2-cm (4-in.) line exits from the bottom of the storage
tauk, enters the east side of the water wing, and leads to the primary
coolant cleanup pumps. The transfer line can be valved into either the
suction or discharge of either or both of these pumps to transfer water
to and from the underground storage tank.

The storage tank is vented to the SBHE system.

6.2.4 pH control system

An automatic pH control system maintains the primary coolant at a pH
of 5.0 + 0.1. The pH of the pressurizer pump discharge flow, which is
injected into the primary system, is controlled by an automatic addition
of 5% HNO, to the primary head tank. The 5% acid is mixed in the acid
day tank and pumped into the head tank by a small (50 cc per hour) chem~
ical feed pump. The pH of pressurizer pump effluent water is adjusted

as required to maintain the primary coolant system at a pH of 5.0.
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6.3 Secondary Coolant System

6.3.1 Introduction

Heat from the HFIR complex is dissipated to the atmosphere by a
conventional induced-draft cooling tower. The secondary coolant pumps
circulate water through the cooling tower and the various heat exchangers
thus removing heat from the different systems. Of the nominal 98,410 1/m
(26,000 gpm) circulated in the system, a mavimum 73,808 1/m (19,500 gpm)
passes through the three primary coolant heat exchangers, 12,112 1/m
(approximately 3200 gpm) through the auxiliaries in the water wing, and
6813 1/m (approximately 1800 gpm) goes to the adjacent Transuranium
Processing Facility (TRU). The secondary coolant system is shown in
Figs. 6.15 and 6.16.

6.3.2 Cooling tower

The cooling tower is a four—cell induced-draft tower located south-
east of the reactor building. It is designed to transfer 111 MW (380
million Btu/h) by cooling 98410 1/m (26,000 gpm) of 46°C (l115°F) water to
29°C (85°F) at an ambient wet bulb temperature of 25°C (77°F), Of this
total heat transfered, 102.5 MW (350 million Btu/h) is supplied by the
primary coolant, 2.9 MW (10 million) by the pool coolant, 2.3 MW (8
million) by the air-conditioning system, 0.88 MW (3 million) by other
loads, and 1.2 MW (4 million) is reserved for future operations. The
cooling tower is composed of four individual cells mounted as one unit
over a concrete basin approximately 36.6 m (120 £t) long by 16 m (54
ft) wide. The basin is divided into four separate compartments, each
with a capacity of 378,500 1 (100,000 gal). Each compartment can be
drained and cleaned individually while the rest of the tower 1s opera-
ting. Potable water is supplied to the tower basin through a level

control valve to make up for evaporation, drift loss, and blowdown.
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6.3.3 Cooling tower fans

Each cell is equipped with two 50-hp two speed fans which can be
reversed for deicing the tower. Operation of the cooling tower fans is
controlled by a "Run—0ff-Auto” mode switch on the control room process
panel board. When in the run mode, each fan is controlled by a three-
unit pushbutton station located in the control room. This station pro-
vides alternately for:

1. fast speed-forward direction,

2. slow speed—forward direction, and

3. slow speed-reverse direction.

A time-delay relay provides for automatic decelerati<» when trans-
ferring from fast to slow speed or reverse or from reverse to forward.
Mechanical interlocks permit only one starter coil to be energized at a
time., Indicating lights designating the different speeds are located on
the process panel in the control room.

In the automatic mode, the fan speed is controlled by a temperature
controller through eight dual switches. Each of these switches operates
two time—delay relays, one for fast forward speed, the other for slow
forward speed. The timg—delay relays are adjustable and perform the
following functions:

1. The provision of different time settings for the relays allows
the load to be added to the motor control center in a stepped
sequence. This limits the voltage drop to permissible levels
when voltage is restored under maximum cooling requirements
following a power outage.

2. The relays permit the use of low voltage switches to operate

the high voltage fan starters.
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In the automatic mode, the fans will automatically restart after a
power failure. A typical response to an automatic startup is shown in
Fig. 6.17. In the run mode, the fans must be restarted manually follow-
ing a power failure. All the fans are automatically shut down by a fire
alarm from the cooling tower but can be restarted if there is no fire.

A vibration switch near each fan shuts down only the affected fan.

These devices must be manually reset before the fans can be restarted.

6.3.4 Water treatment

The blowdown and chemical treatment of the secondary coolant system
is designed to inhibit corrosion, scale formation, and microbiological
growth, The water in the secondary cooling loop is chemically treated
as follows:

1. automatically regulated addition of H2804 to control pH,

2. automatic addition of phosphate chemicals to inhibit corrosion,
and

3. manual addition of nonoxidizing biocides to control algae.
The acid-injection system consists of an 18,925-1 (5000-gal) H2304
storage tank, two proportionating chemical feed pumps, an acid-water
mixer, and an instrumentation system which measures pH and controls the
pumps. Phosphate treating equipment consists of a supply tank and a

manually adjustable proportionating feed pump.

6.3.5 Secondary coolant pumps

The three main secondary coolant pumps, PU-6A, —-6B, and —-6C are ver-—
tically mounted centrifugals, any two of which have a combined capacity
of 98,410 1/m (26,000 gpm). The characteristics of these pumps are
shown in Fig. 6.18. A smaller fourth pump, PU-14, has a capacity of
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22,710 1/m (6000 gpm). It provides shutdown and emergency water cir-
culation. These pumps are mounted in a separate pump basin along the
north side of the cooling tower. The pump basin is fed by a flume which
collects water from the individual tower basins. A chemical treatment
distribution header above the pump basin mixes the chemicals with the
basin water.

During periods when the reactor 1is shutdown, the cooling demand is
greatly reduced. The 22,710-1/m (6000-gpm) pump may then be put into
service and the main pumps stopped. This pump maintains cooling for the
auxiliary systems. It also provides 11,355-1/m (3000-gpm) emergency
flow during a normal-power outage when a second winding receives power
from the auxiliary diesel motor—generator set.

A selector switch in the control room permits choice of a main
secondary pump to be excluded from the automatic startup sequence. A
spring return "Start-Neutral-Stop"” switch for each pump is located in
the control room. The pumps are automatically stopped by the following
conditions:

1. overload (relay must be hand set to start),

2. ground fault (relay must be hand set to start),

3. opening of 2400-V motor starter door, and

4, loss of voltage.

The auxiliary 22,710-1/m (6000-gpm) circulation pump, PU-14, is
driven by a two—winding motor. The high—speed winding provides suf-
ficient secondary coolant flow, 22,710-1/m (6000-gpm), to handle the
normal requirements at the site when the reactor is not operating at
power. The slow-speed winding, supplied from the normal-emergency power
system, provides sufficient cooling, 11,355-1/m (3000-gpm), to permit

the reactor to operate at 10 MW during a normal-power outage because
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other heat sources are inoperative. A spring return "Stop-Neutral-Start"”
switch for the high-speed winding and a running light are located in the
control room. Electrical and mechanial interlocks between the high- and
low-speed starters permit only one tu be energized at a time. A "Run—-Off-—
Auto” mode switch and a running light are located in the control room.
This permits selection of the mode of operation for the slow-speed wind-
ing and indicates the mode chosen. An alarm is sounded in the control
room when the switch is placed in the "0ff" position.

In the automatic mode, the slow—-speed winding is energized upon loss
of normal power by a contact in normal—emergency transfer switch No. 1.
The contact is closed when the transfer switch is in the emergency posi-
tion, i.e., the diesel generator is supplying power to the No. 1 normal-
emergency circuit.

The pump will continue to run, after normal-power has been restored,
until manually shut off. The slow-speed starter is interlocked with a
solenoid valve so that return flow is routed through a bypass directly
to the tower basin when this winding is energized.

The secondary coolant pumps discharge water into a 106.7-cm (42-in.)
pipe which runs underground to the east side of the reactor building
where it divides into a 91.4~ and a 45.7-cm (36— and 18-in.) line (see
Fig. 6.15). The 91.4—cm (36-in.) line carries a maximum of 22,710 1/m
(6000 gpm) of cooling water to each of the primary coolant heat exchangers.
The 45.7-cm (18-in.) line supplies the pool heat exchangers, air condition-
ing units, other auxiliary equipment, and the TRU facility. Return water
lines to the cooling tower run parallel to the supply headers. Remotely
operated motor—driven control valves on the inlet and exit of each primary
heat exchanger throttle the flow to the individual heat exchangers and

permit them to be isolated for cleaning and repair. An automatic flow
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control valve regulates the flow of secondary coolant to the heat ex-

changers as required to maintain a constant primary water temperature

of 49°C (120°F).

6.4 Pool Water System

The reactor pressure vessel is located in a cylindrical pool 5.5 m
(18 ft) in diameter and i1 m (36 ft) deep which contains approximately
302,800 1 (80,000 gal) of water. Connected to this pool is a rectangular
storage pool, 12,6 m (41-1/2 ft) long, 6.1 m (20 ft) deep, and 5.5 m (18
ft) wide, which contains approximately 431,490 1 (114,000 gal) of water.
A smaller cylindrical pool 2.44 m (8 ft) in diameter and 7.62 m (25 ft)
deep 1s located at the east end of the rectangular pool. This is pro-
vided to accommodate a future critical assembly. The critical assembly
pool contains approximately 37,850 1 (10,000 gal) of water.

The reactor pool is separated from the rectangular pools by a remo-
vable gate. The rectangular pool, called the clean pool, is divided
into two 6.1-m (20-ft) sections by means of a second removable gate,

All of the pools are lined with stainless steel to prevent leakage, to
permit decontamination, and to help maintain the water purity. The
general arrangement is shown in Fig. 6.19.

The pool water requires circulation and heat removal to dispose of
up to 0.8 MW of heat absorbed from the reactor core, hot primary coolant
components, and stored spent fuel elements. Moreover, to reduce corro-
sion and to wmaintain a low contamination level, it is necessary to cir-

culate a fraction of the pool water through a cleanup system.

6.4.1 Pool coolant system

All pools are provided with overflow scuppers at the 258.5-m (848-ft)

level. Pool water overflowing into these scuppers flows by gravity into
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the pool surge tank as shown in Figs. 6.20, 6.21, and 6.22. The pool
surge tank maintains a positive suction head on the two pool-coolant
pumps, PU-9A and B, which are rated at 3785 1,= (1000 gpm) each. Up to
1892 1/m (500 gpm) of the 3785 1/m (1000C gpi) “otal pool coolant water
flow leaving the pumps goes through the poc: Filter; the remainder is
bypassed around the filter. The water then enrters the shell side of the
pool heat exchangers. Either exchanger can btandle up to 3785 1/m (1000
gpm). Secondary coolant entering the tube =l:4¢ of the heat exchangers
is automatically regulated by a valve to maintain the pool water leaving
the exchangers at a preset temperature,

From the heat exchangers the cooled water may be diverted to the
various pocls as required by the heat load distribution. Various tem~-
perature sensors, located in the overflow lines from the pool scuppers,
indicate the temperature distribution in the pools.

There is no need for a flow control valve in this system as it is
self-regulating. The system is balanced manually to achieve the desired
flow distribution between the pcnls by adjusting the valves in the return
lines to the pools. A level control valve supplies plant demineralized
water to the surge tank as makeup for evaporation and leakage.

The pool coolant pumps also serve as pool water transfer pumps. They
can transfer water both to and from the pool water underground storage
tank,

The general arrangement of the pool cooling equipment is shown in
Fig. 6.23.

Pool overflow. The reactor pool overflow of approximately 1893 1/m

(500 gpm) flows by gravity through two lines to the 20.3—cm-diam (8-in.)
common pool overflow collection line. Approximately 1514 1/m (400 gpm)
from the clean pool and 379 1/m (100 gpm) f+om the critical pool also
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flow into this line. The collection line dips below the level of the
pool surge tank before entering it, thus providing a water seal for the
scupper drains.

The temperature of the water overflowing from each pool is monitored
by thermocouples and is displayed in the control room. A float switch
in each pool monitors the water level, An alarm is received in the
control room if an abnormally high or low level is detected. The pool
coolant pumps are automatically shut off if a high water level is de-
tected in the reactor or critical pool. A radiation monitor is located
in the common collection line. The water activity level is recorded in
the control room. An alarm is also received in the control room if a
high radiation level is detected by this instrument.

Pool surge tank. The pool surge tank which collects the overflow

from the pools has a capacity of 4731 1 (1250 gal). It is located on
the first floor in the water wing at the west end of the pool deminera-
lizer cells. A water level sensor transmits the water level indication
to the control room. If a low water level is detected in the surge
tank, an alarm is receilved in the control room and the pool coolant
pumps are automatically stopped. The level sensor also controls an
automatic makeup valvt tljlch permits demineralized water to flow into
the tank in order to wiluliln a minimum level. Any overflow runs to the
process waste drain. The overflow line is equipped with a 1.83-m (6-ft)
leg to provide a water seal. Other lines connected to the surge tank
are:

1. a vent to l|in open hi} oF] e svnten,

2, an overflow line f: ' bl

3. a mormally winiizl crosul e to {He poal vogiaiil nleanup deaera-
tor, and

4, a line to rhe sucklion of the ponl cog|uitl pumphs
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Pool coolant pumps. The pool coolant pumps, PU-9A and B, each have

a rated capacity of 3785 1/m (1000 gpm). They are located on the ground
floor of the water wing outside the pool demineralizer pump cell. An
"On-0ff~Reset™ selector switch and running light for each pump are
located on the process panel in the control room. A "Stop—-Reset™ button
is located at each pump. The pumps are stopped automatically by a high
water level in the reactor or critical pools and by a low level in the
surge tank. When a pump is shut down by a level switch, it will restart
automatically if the abnormal level condition clears within 60 s. Other-
wise the pump must be manually restarted. The pumps are connected to the
normal-power system and will automatically restart when power is applied
following a normal-power Ffailure. Presssure gauges are mounted on the
inlet and exit of each pump. The pool coolant pumps normally take their
suction from the pool surge tank and discharge into the heat exchangers
either through or around the pool water filter. They can, however, also
be used for various filling and draining operations.

Pool coolant filter, The pool coolant filter has a nominal flow

capacity of 1893 1/m (500 gpm). It consists of 47 porous tubes, 7 cm
(2-3/4 in.) in diameter by 74 cm (29-1/4 in.) long, made of sintered
stainless steel. Water flows from outside to inside through pore open-
ings having a mean diameter of 20 microns. It is located in a shielded
cell on the first floor of the water wing. A bypass around the filter
carries the coolant flow in excess of 1893 1/m (500 gpm). The filter can
be cleaned with acid, caustic, or steam by countercurrent flow. A vent
at the top of the filter is connected to the open hot off-gas system
through a ball float trap.

Heat exchangers, Each of the pool heat exchangers, EX-2A and B, 1is

designed to remove 1.5 MW (6 million Btu/h) from the system. They each
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have 540 fixed tubes 1.6 cm (5/8 in.) in diameter. In normal operation
each exchanger will operate with a flow of 1893 1/m (500 gpm) of pool
water but can accommodate 3785 1/m (1000 gpm). Pool water makes two
passes on the shell side of each exchanger and the secondary cooling
water makes two passes in the tubes. WNormally the secondary water flow
to each exchanger is approximately 6056 1/m (1600 gpm). The temperature
of the water in the common pool water exit line from the heat exchangers
is monitored by a thermocouple and is displayed in the control room. A
temperature control sensing element is also located in the common exit
line. This element controls the flow of secondary coolant to the exchang-
ers in order to maintain the exit temperature constant. Each exchanger
is equipped with a manually—-operated shell vent to the atmosphere and a
shell drain to process waste. A bypass line which permits pool water to
be routed around the heat exchangers rejoins the exit line ahead of the
temperature sensing elements.

The headers to the reactor and clean pools branch off the common
heat exchanger exit which continues to the critical pool. Each header
is equipped with a flow measuring orifice which permits display in the
control room of the return flow to each pool. These headers returning
to each pool contain remotely operated valves which permit throttling of

the flow from the control room.

6.4.2 Pool cleanup system

In order to maintain high purity water, it is necessary to pass
approximately 757 1/m (200 gpm) of pool water through the pool cleanup
system which consists of a deaerator, prefilter, demineralizer, and
afterfilter in series. The task of cleaning the pool water is made
more complex by the possibility that onme or more defective and leaking

fuel elements will be stored in the reactor pool. The system, shown
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schematically in Figs, 6.24 and 6.25, is designed to handle this situ-
ation but will function equally well if no defective element is present.
The general arrangement of the equipment is shown in Fig. 6.26.

Pool water flows through the defective fuel element storage tanks,
into the pool deaerator. From here it is forced through the pool clean-
up system and returns to the pools in common with the pool coolant flow.
As indicated in Fig. 6.27, the normal flow path of the pool water is
into the bottom of the defective element tanks, up through the element,
and out the bottom through a hollow cadmium-lined, post to the pool
cleanup system. Should the cleanup system flow be interrupted, cooling
is provided by natural circulation through a small heat exchanger
immersed in the pool.

Approximately 757 1/m (200 gpm) of pool water flows from the defec~
tive element storage tanks into the deaerator. The flow is adjusted by
a remotely—operated valve and a flow indicator in the control room. The
deaerator removes the dissolved gases and provides surge capacity for
the system. From the deaerator, water flows to the pool cleanup pumps,
PU-7A and B. The discharge from these pumps is automatically regulated
by a valve to maintain a constant level in the deaerator. Water leaving
these pumps passes through a prefilter, cation and anion beds, and an
afterfilter before returning to the reactor and clean pools. There is
only a single set of pool demineralizers. The pool volume is sufficiently
large so that water conditions will not change to any great extent during
the time required for regeneration. During regeneration the deminerali-
zers can be bypassed without affecting the operation of the deaerator and
filters. A radiation detection device located in the line to the deaera-
tor provides an indication in the control room of the amount of contamina-

tion in the water leaving the defective element storage tanks.
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Deaerator. The pool deaerator, shown in Fig. 6.28, is designed to
remove essentially all of the dissolved gases from the pool water at a
flow of 757 1/m (200 gpm). Together with its associated condensers and
steam ejectors, it is located in a 30.5-cm—thick (l-ft) normal concrete-—
shielded cell on the first floor of the water wing. Water enters the
top of the deaerator tank and passes down through a bed of Raschig rings.
The high vacuum maintained by the steam ejectors removes dissolved gases
from the water., Gases from the deaerator pass through a precondenser, a
high-vacuum ejector, a low-vacuum ejector, and an after—condenser before
entering to the closed hot off-gas system. Condensate from the conden-
sers is returned to the deaerators. A level sensor detects the water
level in the deaerator and transmits a signal to a flow coatrol valve on
the discharge of the pool demineralizer pumps to hold the level constant.
The demineralizer pumps are automatically shut down if a low-level set-
point is reached and are automatically restarted when the low-level
switch is cleared. The deaerator level signal is also displayed in the
control room. A separate level safety .witch on the deaerator transmits
an alarm to the control room if a high level is detected and closes a
block valve in the steam supply line to the ejectors to prevent discharg-
ing water into the CHOG system., Each condenser is equipped with pressure
gauges to aid in adjusting the vacuum. A pressure sensor transmits the
deaerator vacuum to an indicator in the control room and sounds an alarm
if high pressure is detected.

Pool demineralizer pumps. Water from the deaerator enters the suc-

tion of the demineralizer pumps, PU-7A and B, and is discharged to the
pool demineralizer prefilter. These pumps are located in a shielded

cell on the ground floor of the water wing. Each pump has a capacity of
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75 1/m (200 gpm). The pumps discharge into a common line containing the
deaerator level-control valve., Compound pressure gauges are located on
the suction side of each pump and normal gauges are located on the dis-
charge side. An "On-Off-Reset” selector switch and a running light for
each pump motor is located on the process panel in the control room. A
"Stop—Reset”™ button is located at each pump. High water level in the
clean pool wili shut down the pumps, but they restart automatically if
the high—level condition clears within 60 s. Otherwise, they must be
restarted manually, A low level in the pool deaeratcr will also stop the
pumps; but, in this case, a restoration of the level starts the pumps.

Either, or both, pumps may be operated at one time. The motors are
connected to the normal-power system and will restart automatically when
power is restored following an outage.

Pool cleanup filters and demineralizers. The pool demineralizer pre-

filter has a rated flow capacity of 757 1/m (200 gpm) with a 17.2 kPa
(2.5 psi) pressure drop. It is similar to the other prefilters and con-
tains 28 porous sintered stainless steel filtering tubes with a mean pore
size of 20 microns. Water flows from the outside of the tubes to the
center. The filter is located on the first floor of the water wing in
the same shielded cell as the pool demineralizers. It is covered with a
S.l-cm~thick (2-in.) lead shield and is vented through a ball float trap
to the open hot off-gas system. The filter, which is also equipped with
a bypass, can be cleaned by backwashing with acid, caustic, or steax.
Pressure gauges are located on both the inlet and outlet.

After passing through the prefilter, water enters the pool deminera-

lizers, shown in Fig. 6.26, which consist of separate cation and anion
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beds. They are located on the first floor of the water wing in a shielded
cell. The cation column contains 4.6 m3 (50 ft3) of cation resin and is
surrounded by 5.1 cm (2 in.) of supplementary lead shielding. The anion
column contains 4.6 m3 (50 ft3) of anion resin, but has no supplementary
shielding. Water enters the top of the cation column, passes through it,
and into the top of the anion column. From the bottom of the anion bed
the water flows to the afterfilter. Both demineralizer columns are vented
to the open hot off-gas system through ball float traps. Appropriate
acid, caustic, and backwash lines are provided. A demineralizer recycle
pump, PU-12, is available for recycling water during regenmeration. Sample
taps are located on the inlet and outlet of each column. The sample lines
run outside the cell to a sampling sink. |

From the demineralizers the water flows to the pool demineralizer
afterfilter. This filter has a rated flow capacity of 757 1/m (200 gpm)
with a 17.2 kPa (2.5 psi) pressure drop when clean. The filtering media
is 100-mesh stainles steel screen, It is located on the first floor of
the water wing in the same shielded cell as the pool demineralizers.
Pressure gauges are located on the inlet and exit lines. The filter is
vented to the open hot off-gas system through a ball float trap. It can
be backwashed to the intermediate level waste system using water from
the pool demineralizers. Water leaving the afterfilter can be returned
to any pool through lines common with those returning water from the

pool cooling system.

6.4.3 Pool fill and drain systems

Each section of the clean pool has one 7.6—cm (3-in.) line entering
below the surface of the water; the critical pool has a single 10.2-cm

(4=in.) line entering below the surface. These lines terminate at the
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254.5-m (approximately 835-ft) level, i.e., 2.1 m (approximately 7 ft)
above the pool floor. The reactor pool contains two lines which enter
below the surface. One is the normal 15.2-cm (6-in.) return from the
pool coolant system which terminates at the 251.9-m (828-ft, 6-in.) level
at a water depth of 5,03 m (16 ft, 6 in.), 1.e., 2.44 m (8 ft) above the
core centerline, These lines also serve as fill and drain lines for the
pools. The second line in the reactor pool is the 10.2-cm (4-in.) feed
line to the pool deaerator from the defective element storage tanks.
This is located at the 249.2-m (817-ft, 6-in.) level, 91.4 cm (3 ft)
below the core centerline.

A 208,175-1 (55,000-gal) underground pool water storage tank has been
provided to receive pool water when it is necessary to drain the pools.
This is a concrete vessel lined with plastic and is located outside the
east wall of the water wing. The top of the 35.6~cm~thick (l4—=in.) con-
crete shield is flush with the fiunished grade at this point. A second
section of this tank provides the 75,700-1 (20,000-gal) primary coolant
storage mentioned in Section 6.2,3. Both sections of the tank are
vented by the SBHE system and the overflow is connected to the process
waste system.

The fill and drain lines from the individual pools run to a common
fi111l and drain header located in a pipe tunnel on the ground floor. By
an appropriate system of valving, this header can be routed into the
suction or discharge of either of the pool coolant pumps (PU-9A and B).
Similarly, the line from the underground storage tank can be connécted

to either side of these pumps to fulfill any fill or drain requirement.

6.5 Emergency Cooling Requirements

It is possible to distinguish three types of emergency cooling

requirements which arise from the following causes:
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1. failure of a component, a pump for example, in the cooling
systems ;

2. loss of the normal 13.8-kV electrical supply; or

3. reactor shutdown due to gome cause such as multiple component
failure, human error, or a combination of these events.

The occurrence of a component failure, as in case 1, is highly prob-
able. However, this event has been anticipated. All vital components
have standby counterparts which are available to assume the load. Such
a situation would result in, at most, the necessity for a temporary
reduction in power.

In case 2 where the normal 13.8-kV electrical supply is interrupted,
presumably for only a short time, the system can still operate at 10 MW.
However, the auxiliary power systems must operate normally and no vital
mechanical components can fail concurrently.

Because of the short life and cost of the HFIR fuel and the rate of
growth of xenon and samarium following shutdown, it is desirable to keep
the reactor at as high a power as possible even during abnormal con-
ditions. For this reason, certain of the emergency systems have been
designed to permit short term operation at 10 MW even though the normal
power has been interrupted. The design features incorporated to permit
10-MW operation during this condition are as follows:

1. Two diesel motor generator sets share the burden of supplying
emergency power to the system. Certain items are included in
duplicate with one unit on each diesel; others are connected to
the power source through a failure-free battery system which
supplies power for sufficient time even though the diesel

systems do not operate.
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In order to prevent a scram during the switching transient
caused by a 13.8-kV feeder transfer or a normal-power failure,
failure-free battery systems supply power continuously to vital
instrumentation. A flow-demand clamp initiates an automatic
reduction in the reactor po&er to match the primary coolant
flow and prevent flux-to—flow ratio or high-—temperature scrams.
An emergency presurizer pump and emergency windings for the
auxiliary secondary coolant pump, both supplied by a diesel,

have been provided.

As described in Section 6.2.1, each of the primary coolant

pumps is equipped with a 3-hp dc pony motor supplied from a
battery system. At least two of these motors are energized at
all times during operation and take over the load upon failure
of the main motors.

The flows developed by the pony motors are as follows:

Number of pumps operating 1 2 3
Flow
(1/m) 6056 7949 9084
(gpm) 1600 2100 2400

The sequence of automatic operations in the cooling system following

a 13.8-kV power outage is as follows:

1.,

The primary pumps coast down and, due to the pony motors, flow
stabilizes at 9084 1/m (2400 gpm) after 1 min. Sinultaneously,
the servo control system reduces the ~eactor power in an orderly
fashion to approximately 10 MW, the pressure control valves
throttle, the pressurizer pumps coast down, and the secondary

coolant pumps coast down.
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2, Approxirately 30 s after the power failure, diesel power is
available to run the emergency pressurizer pump and the
emergency winding of the auxiliary secondary pump, to open the
cooling tower bypass valve, and to maintain charge on the
various battery systems,

Following the loss of the 2400-V bus the same sequence is followed except
that the diesels need not be started. In this case, the 13.8-kV system
would supply power to the normal-emergency system, and the normal winding
of the auxiliary pump.

The third type of emergency cooling requirement, case 3, is that in
which either because of multiple compounent failure, power failure, or
some combination of events, it is necessary to shut the reactor down.

In this case, only afterheat need be cnnsidered.

The heat generation rate as a function of time after shutdown due to
15-day operation of the HFIR core at 100 MW is given in Fig. 6.29. The
heat generation drops from 100 to 7 MW virtually instantaneously at shut-
down. Below this power, one pony motor 1s adequate to supply cooling;
however, the coastdown of the main pumps augments the flow. TForced con-
vection, supplied by the pony motors, is required for approximately 1 h.
The batteries, even without recharging, can supply power for a minimum
of 2 h. At the end of 1 h, the heat generation rate has dropped to less

than 1.3 MW and natural convection cooling in an open pool or in the

reactor 1s adequate.
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6.6 Hot Water Injection System

6.6.1 References

Drawings:

1-43930 Flow Diagram
P-43953 Piping Layout
P-10047 EF 013 Flow Diagram

6.6.2 Introduction

The hot water injection system provides a means of checking the
operability of the primary coolant system resistance wire temperature
sensors and their function as part of the reactor safety system., Hot
water is sprayed onto the inlet temperature sensors to test the response

of the high heat power trip.

6.6.3 Description of the system

Water from the primary pressurizer pumps is heated by condensing 125
psig steam in a tube—and-shell heat exchanger. This water is taken from
the primary system makeup line just upstream of HCV-248. The heated
water is forced through a nozzle at a rate of approximately 15 1/m (4
gpm) and sprayed against the sensitive portion of the resistance wire
temperature sensor. The pressure differential which sprays the water
into the primary system is created by the pressuri.er pump head, and the
increased pressure drop across HCV-248 during operation of the system.

When a test button on the console in the control room is pushed,
(see Sections 3.3.3-11.2) an air-operated valve in the individual spray
nozzle line of the channel being tested is opened (see Fig. 6.30). At
the same time HCV~248 is throttled, creating the differential pressure,
and temperature control valve TCV-1124A is opened to allow steam into

the heat exchanger to heat the water.
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7. CONTAINMENT, VENTILATION, AND AIR CONDITIONING

7.1 Introduction

The air and gas handling facilities at the HFIR have been specifical-
ly designed to minimize the spread of contamination within and without
the building in the event of an accidental release of acitvity, and to
provide maximum convenience and safety during normal operation., Two
separate systems are provided for the disposal of gaseous waste; the
Special Building Hot Exhaust (SBHE) which provides dynamic containment
in the event of an abnormal release of activity, and the Hot Off-~Gas*
systems (HOG) which handle the routine disposal of gaseous activity from
the various system components. Certain areas, such as the control rooms
and offices, which contain no significant sources of radioactive material
are isolated from the other portions of the building and are served by a
separate air—conditioning system.

The SBHE system is designed to provide a constant flow of air through
those portions of the building which contain components capable of
releasing significant quantities of activity to the environment. These
include the primary heat exchanger cells and pipe tunnel, the reactor
bay, the primary coolant deaerator and demineralizer cells, and the pri-
mary coolant cleanup pump cells., Certain other areas are also served by
the SBHE system because of the configuration of the bullding and con-
venlence in locating the equipment. These areas which are physically
separated from those above by doors, include the beam room, experiment
room, and the cells containing the pool cleanup equipment. By maintain-
ing appropriate pressure gradients, alr flows from the clean areas of

the building into the areas served by the SBHE system. The air is then

*The HOG systems are discussed in Section 9.2,
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transported through ducts to appropriate filtering equipment, and is
finally discharged to theatmosphere at the top of a 76.2-m (250-ft)

stack,

7.2 General Containment Philosophy

Briefly, the general concept of dynamic containment consists of main-
taining a positive inward leakage of air into the contained region by
exhausting air from that region. The air exhausted from the contained
region is then decontaminated by passing it through suitable cleanup
equipment and is deliberately discharged to the atmosphere in a manner
designed to eliminate excessive environmental pollution.

In the case of the HFIR, this concept has been expanded so that, not
only is the building as a whole contained in this manner, but also vari-
ous areas of the building are protected from contamination originating
in other areas. For convenience, the movement of air will be described
in terms of pressure differeantials; however it should be understood that
the important parameters are the direction and flow of the air and not
the measured pressure differentials which may or may not be a true indi-
cation of them. Moreover, it must be realized that leakage——controlled
leakage-~of air from outside the building and from the various regions
in the building is absolutely necessary if the system is to work pro-
perly.

For containment purposes the building is divided into four major
ventilation—-control areas or zones as follows:

Zone 1: This area is kept at a slight positive pressure approxi-
mately -24.9 Pa (0.1 in. HZO) with respect to the amblent atmospheric
pressure. It is located on the second and third floors of the control

and water wing and includes the control rooms, offices, and other
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facilities which are normally occupied and which contain no signifi-

cant potential sources of activity.

Zone 2: This is a generally clean area but operates at a
slightly negative pressure [-24.9 Pa (-0.1 in.) HZO]. It includes
the process equipment rooms on the grou:d and second floor of the
water wing.

Zone 3: This includes all of the area inside the main reactor
building, with the excepti.n of the primary heat exchanger cells and
pipe tunnel. It also includes those portions of the water wing
which contain the primary and pool cleanup cells. It is directlv
connected to the SBHE system and is maintained at approximately
~74.6 Pa (=0.3 in.,) HZO.

Zone 4: This includes the primary heat exchanger cells and the
main pipe tunnel. Tt too is connected directly to .he SBHE system
and is kept at approximately -100 Pa (-0.4 in.) HZO'

These various zones are shown graphically in Figs. 7.1, 7.2, 7.3, aund
7.4. Two rooms in the southeast corner of the ground floor, G-12 and
G-13, contain electrical equipment and batteries and require cooling by
exhaust fans. They are not considered to be within the contained area.

Zone | is self~contained from a ventilation and exhaust standpoint.
It is equipped with a large air-conditioning unit which maintains the
slight positive pressure with respect to the outside atmosphere.

The negative pressure in Zone 3 is maintained by the operation of
various individual supply dampers. A manually-operated volume control
damper, located in the SBHE exhaust duct, is periodically adjusted to
maintain a fixed volume of exhaust air. The volume of intake air (con-
trolled inward leakage), which eanters through the fresh air intakes on

the various air-conditioning units, is controlled by pressure-regulated
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dampers in order to maintain the required negative pressure in the area.
The fresh air intake regulators are pneuumatlcally controlled and are not
affected by an electric power outage. Duplication of equipment and auto-
matic switching protect against SBHE exhaust fan failure. Should all
three exhaust fans fail, interlocks shut the supply dampers and de-~
enevglze the supply fans to prevent pressurization of the building. By
proper regulation of air flow, Zones 2 and 4 are kept «7 the appropriate
pressures with respect to Zone 3. The only Zone 3 areas normally occu-
pied are the reactor bay, beam room, and experiment room. Of these, the
reactor bay is the most likely location for an activity release and the
containment philosophy is most rigidly applied here. All personnel and
vehicle passages from the reactor bay which are used during reactor
operation are provided with air locks. It should be noted, however,
that one of the advantages of dynamic containment is that it will pro-
vide protectica even if there is a large opening in the building.

Containment for individual experiments in the erpariment and beam
rooms will be provided as needed when the experiments are installed.
Blanked-off SBHE connections are available for this purpose. Although
these rooms are in Zone 3, their inclusion is primarily for convenience
because of their locations rather than because of a real containment
requirement. Various system conditions are remotely indicated at the
reactor control room. The pressure difference between the reactor bay
and outside the building is indicated in the control room as are also
the pressure differences between the beam room and outside and the

experiment room and outside.

7.3 Adir-Conditioning Systems

The control and water wing of the reactor bullding is air-conditioned

by a single, package-type, multizone air-conditioning unit, designated
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AC~15. The unit is sized for approximately 336 m3/min (11,865 cfm). 1t
consists of a fresh air intake louver, replaceable air filters, heating
coi;, chilled water cooling coils, slow-speed centrifugal fan, and hot
and cold deck dampers. Pneumatic controls are used to automatically
regulate the zone temperatures and, in room 203, the humidity. Up to
262.5 m3/min (9,270 cfm) is recirculated and the areas served are main-
tained at a slight positive pressure with respect to the reactor bay.
The conditioned air supply is conveyed throughout the area by ducts to a
system of diffusers which provide even distribution. The AC-15 unit is
located in room 10l at the northwest cormer of the first floor of the
water wing.

The Zone 3 areas—-reactor bay, beam room, and experiment room--
utilize small packaged air-—conditioning units and require a minimum of
distribution duct work, The reactor bay conditioning is handled by six,
floor-mounted, individual package units, Two of these draw fresh air
from outside the building through intake louvers and washable filters;
the other four merely recirculate alr, The four recirculating units are
equipped with individual filter chambers containing banks of prefilters
and absolute filters. Access doors are provided through which, after
spraying with a particle-confining coating and, if necessary, bagging,
the filters can be removed. The filter chambers are of painted carbon
steel sheet metal with all joints sealed airtight. No special shielding
is required. Presure-differential gauges are mounted on the chambers to
indicate the condition of the filters, These units are sized to handle
1,087.5 m3/min (38,400 cfm) of which approximately 747.6 m>/min (26,400
cfm) is recirculated. The remaining 340 m3/min (12,000 cfm) is removed
by the SBHE system.
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Air conditioning in the experiment and beam rooms is handled in a
similar fashion by packaged units. The experiment room units are sized
to handle a total of 917.5 m3/min (32,400 cfm) with 747.6 m3/min (26,400
cfm) being recirculated. The beam room units handle 544 m3/min (19,200
cfm) with a recirculation of 374 m3/min (13,200 =fm). The SBHE system
exhausts approximately 340 m3/min (12,000 cfm) from these areas.

Chilled water at 4.4°C (40°F) is supplied to the various air-
conditioning units by a large chilled-water unit which has a capacity of
1.2 x 106W (4 x 106 Btu/h). The heat collected is dumped to the secon-
dary coolant systea through the chiller located in room 101, Low pres~
sure 103-kPa (15-psi) steam for the air—conditioning units is obtained
by pressure reduction from the 862-kPa (125-psi) steam supply. Work
areas, where special heating is required, are supplied with unit heaters
employing heating—coil-fan combinations. Seml-isolated stairwells, vesti-

bules, offices, etc., are provided with steam—heated fin-tube radiators.

7.4 Ventilation Systems

Although maintained at a positive pressure with respect to the main
reactor building and the shielded portions of the water wing, portions
of Zone 2, including the electrical, mechanical, and process equipment
rooms, are ventilated by a system which uses 100% outside air supply.

The main ventilation unit, designated FN-1 (this FN-1 is not to be con—
fused with the FN—-1 of the SBHE system or the FN-1 of the cooling
towers), is of the built—up type, consisting of fresh air intake louvers,
replaceable filters, preheat coils, reheat coils, and centrifugal famn.
Exhaust fans FN-2, 3, and 4 exhaust approximately 524 m3/min (18,500
cfm) directly to the atmosphere from the water wing. The ventilation

system for the electrical equipment and battery rooms G-12 and G-13 is a



packaged heating and ventilating unit consisting of a fresh air intake
louver, replaceable filter, heating coil, and a slow-speed fan. Approxi-
mately 141.6 m3/min (5,000 cfm) of air is exhausted from these rooms
directly to the atmosphere by exhaust fan FN-5. These rooms which were
originally intended to house lead~acid batteries, since replaced by
nickel-cadmium batteries, are considered to be outside the containment.

A diagram showing showing the air flows described is given in Fig. 7.5.

7.5 Special Building Hot Exhaust System (SBHE)

7.5.1 Description

The SEHE system is a maximum reliability system which provides sec-—
ondary containment to control the release to the atmosphere of airborne
acvivity from either the primary coolant system or from fuel and other
components stored in the pool. 1t 2lso provides secondary protection
for the experiment and beam rooms.

The system has two main branches, both of which, after passing
through a filter system designed to remove both particulate matter and
vapors, ultimately discharge into the 76.2-m (250-ft) reactor stack.

One of these branches serves the various sections of the reactor
pool and the primary coolant heat exchanger cells. The other branch
exhausts air from the beam room, experiment room, pipe tunnel, the
underground water storage tanks, and the shielded equipment rooms which
house the cleanup equipment in the water wing. The arrangement of the
SBHE ducts is shown in Fig., 7.6.

The inlet registers to the ducts for the reactor bay system are in
the pool walls immediately above the pool scuppers. Air is drawn into
these registers from the reactor bay. The duct is sized and damper-
controlled to remove a minimum of 141.6 m3/min (5,000 cfm) of air from

under the pool cover. This corresponds to a minimum velocity of 0.51-m/s
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(100-ft/win) flow from the reactor bay through the 4.6 m? (SO—ftz) aper—
ture. The movable reactor pool cover is so arranged that during fuel
handling manipulations in the reactor pool, the aperture will move with
the bridge and thus leave the pool covered. The remainder of the periph-
eral duct draws approximately 170 m3/min (6,000 cfm) of reactor bay air
over the surface of the clean pools and the critical pool, The defec-
tive fuel element storage tanks are continuously vented into the
poolside SBHE duct above pool water level. Air flow through the south
portion of the duct serving the clean pools may be adjusted with a
manually—-controlled damper. In the header from the heat exchanger
cells, automatic damper PD-4 controls cell ventilation whenever cell
doors are opened or access plugs are removed. In this fashion, a flow
of air from the bay and into the cells is assured during maintenance
operations.

A branch of the poolside SBHE header serves to exhaust 28.3 m3/min
(1,000 cfm) directly from the northwest corner of the bay adjacent to
the decontamination pad. Another branch serves the four primary heat
exchanger cells with a total flow of 65 m3/min (2,300 cfm). The main
reactor bay branch is run within the pool structure below the beam room
to the west side of the builiing and then north to the SBHE section of
the filter pit.

The second main branch of the SBHE system, which is not shielded,
also runs under the beam room floor to the west side of the building and
then north to the filter pit. It serves the experiment room, beam room,
and the shielded equipr:nt areas, as well as the underground storage
tanks. Approximately 170 m3/min (6,000 cfm) is drawn from the beam room
including 283 m3/min (1,000 cfm) originating in the subpile room. An
additional 170 m3/min (6,000 cfm) is exhausted from the experiment room,
and 65 m3/min (2,300 cfm) origlnates from the equipment cells.
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All ducts embedded in concrete are type 304 stainless steel. All
embedded ductwork was pressure tested to assure airtightness before it
was encased in concrete. Exposed ductwork made of galvanized sheet iron
is painted with a protective coating, All joints are sealed airtight.

Ductwork buried in earth outside of the reactor building structure
is constructed of transite pipe, joined with gas~tight sealing compouunds,
and coated with 2-ply tar and felt. A chevron—-type baffle is located at
the inlet to each filter compartment to remove entrained water from the
air. All exposed ducting is installed to fit tightly against the wall
surfaces with the minimum amcunt of horizontal surface for ease of

decontamination.

7.5.2 Filters and exhaust equipment

Air from the SBHE is routed from the various headers to an under-
ground filter pit which contains both absolute and charcoal filters.
After passing through the filters, it is monitored and forced up a
76.2-m (250-ft) stack so that any residual activity is dispersed by
diffusion.

The filter pit is an outdoor, below grade, waterproofed, concrete
structure designed to withstand pressure differences 3.45 kPa (0.5 psi)
above and 32.7 kPa (4.75 psi) below atmospheric.

The SBHE section of the filter pit contains three filter compartments
in parallel. One compartment serves each branch of the system. The
third compartment serves as a standby which can be put into service on
either branch without necessitating a plant shutdown. A diagram of the
system is shown in Fig., 7.7, At grade level, the SBHE section is
shielded with 61 cm (2 ft) of concrete with stepped shield plugs over
each filter bank (Fig. 7.8).



7-16

N VAR ":1953

MD 4
g
ey LMD 2 _ FROM DISCHARGE OF HOG FANS .
\9[10;53\ : MD 3 04\}
213/ SAMPLE ’ &
| INJECTIOM i , WATER WING
‘* " " EQPT. CELLS
: 1 I ——————— FXPT. ROOM
AN N N
e T e B AM ROCM
AR S S N

PC. EXCH. CELLS

L — I T "{' e - b |

T
\l) | UQ REACTOR BAY

Fig. 7.7. Special building hot exhaust system.




LR-0OWG 77800R2

QRNL~

-0 GBHE FANS

7-17

EXPERIMENT
ROOMS

A
™ FROM BEAM
AND

/: P
e
e
S
A

SHIELDING pLU

/

/

MD 6

FIBERGLAS PREFILTER

|\
HIGH-E FFICIENCY FILTER ~

A

\\
D

CHARCOAL FILTERS

HIGH-EFFlClENCY FILTER

gRHE filter pits.

7.8.

ig.



7-18

Each filter compartment contains an assembly of: (1) 2 3 x 4 bank of
12 prefilters; (2) a 3 x 4 bank of 12 fiberglass—aluminum absolute filters;
(3) a silver—coated copper mesh screen; (4) two 3 x 4 banks of 12 currcoal
absorption units in series; and (5) a 3 x 4 bank of fiberglass—aluminum
absolute filters. The filter system is designed to be 99.977Z effective
in removing particulate matter of greater than 0.3 micron size and to
remove greater than 99.007 of the iodine.

The filter pit is designed for a filter removal method in which the
filters are withdrawn into lead-shielding casks. After removal of a
concrete shield plug, the casks are placed over the opening; and the
wedging devices which seal the filter to the filter frames are removed
remotely, permitting withdrawal. Full air flow during filter changes is
maintained by using externally-operated manual dampers to divert the
flow to the standby compartment.

The filter frames are corrosion-protected carbon steel except in the
case of the charcoal filters which are constructed of stainless steel.
Drainage and condensate from the filter pit are collected in a sump which
is drained by gravity to the process-waste disposal system.

A 950-m3 (33,550-cfm) exhaust fan driven by a 100-hp squirrel cage
induction motor and two 810-m3/min (28,600-cfm) exhaust fans driven
by 75-hp squirrel cage induction motors convey the air from the SBHE
filters to the stack. These are of carbon steel construction but with
scrolls and wheels painted with corrosion-resisting paint. Normally
only one fan is operated with the other two in standby condition, The
single duct from the SBHE section of the filter pit divides at the fans.
Each of the two standby fans 1s fed from a different generator in the
normal-emergency power system to provide reliability during a normal
power outage. The automatic changeover from the operating fan ta the
standby fan is actuated by air flow switches which detect malfunction of

the operating unit. Once started, the fan must be shut down manually.



7.5.3 SBHE instrumentation and control

Because the exhaust systems must retain a high degree of reliability
even under abnormal conditions, considerable effort has been expended to
provide adequate instrumentation and control and to ensure the availabi-
lity of a continuing source of power to drive the fan motors. The normal
and emergency power supplies are described in some detail in Section 10.8;
and, in the following descriptions, some familiarity with these systems
is assumed.

Fan controls. Each of the two standby SBHE fans, FN-1 and -2 is

provided with an “"On-0ff-Standby” selector switch which 1is located at
the local panel board in the fan shed. In normal operation, both fan
control switches are in "standby."” Indicating liguts on the panel board
in the control room, operated by motor contacts and the standby switch,
provide information concerning the condition of the fans. The color
code is as follows:

Fan not running —-- white light

Fan running -- amber light

Fan in standby —- blue light.

Note that in some cases two lights may be 1lit simultaneously. For
example, if a fan is in standby and is not running, both the white light
and the blue light are on.

The third SBHE fan is provided with an "On-Off" selector switch,
which is located at the local parmel board in the fan shed. This fan is
normally operated continuously except during periods of maintenance.
During these maintenance periods, either fan FN-1 or -2 is selected to
operate while the other is in standby.

Indicating lights on the panel board in the control room provide

information concerning the condition of the fan.
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Flow monitors. Four pitot tubes, two in each branch, are provided

to monitor the flow through the SBHE system, The flow indicators are
located on the gaseous waste system panel in the control room. The air
flow through the reactor bay system (east branch) is monitored by sen~
sors FI-904B and -914B while sensors FI-903B and -913B handle the beam
and experiment rooms (west branch). A diagram showing the SBHE control
system is shown in Fig. 7.9.

Pressure controls. Pressure transmitters at the pitot locations in

the main branches of the SBHE system upstream of the filter pit actuate
switches to provide two-stage alarm and control action, The method of
operation is as follows. A drop in alr flow to approximately 85% of
normal in either branch will cause the pressure switch in that duct to
open and actuate a visual and audible alarm in the control roum. A loss
of air flow to approximately 80% of normal in either duct will cause one
or more of four pressure switches, two in each branch, to open, trip a
relay (R-120) which starts the standby fan and simultaneously sounds an
alarm in the control room. A further decrease of flow to approxiumately
75% of normal will cause one or more of four other pressure switches,
two in each branch, to open and trip another relay (R-101) which shuts
down air—conditioning units AC-2, -5, -10, and -l4. These are the
fresh-air-intakes for the three containment areas. When normal flow is
restored, the air-conditioning units will restart automatically. These
control circuits are designed so that a loss in control power or the
opening of a relay coil will simulate a loss of air flow. A gravity
relief damper on the fans will start opening at -99.5 Pa (-0.4 in. h20)
to provide protection against false damper closure signal when the fans
are running normally. No coincidence features are used in these

pressure switch devices. Any one of the switches can cause an alarm,
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standby fan startup, or air-conditioning unit shutdown. The operating
conditions and functions of these pressure switches are listed in Table
7.1.

Fan FN-1 is connected to normal-emergency power system No. 2 via
motor—control center "H" and fan FN-2 to normal-emergency power system
No. 1 via motor—control center “G."” Both motor control centers "G" and
"H" are energized immediately upon diesel-generator startup and transfer
of the "Normal-Emergency"” switches to the "Emergency” position. The cir-
cuits are arranged so that, assuming both diesels start simultaneously
folloving a power outage, both standby fans FN-1 and FN-2 start at the
same time. (The third SBHE fan is operated from the normal power system
and has no standby-—-start feature,)

A continuous display of the differential pressure between the Zone 3
containment areas and the outside atmosphere is given at the gaseous-
waste-system panel board. This is obtained from three pressure gauges
which monitor the experiment room, beam room, and the reactor bay. The

characteristics of these instruments are given in Table 7.2.



Table 7.1. SBHE pressure switch tabulation

Normal Setpoint
Switch No. Duct flow flow Type of action
location m3/min m3/min
(scfm) (scfm)
FS-903B~1 and FS-913B-1 West 204 205 Alarm
(8,500) (7,225)
FS-904B-~1 and FS-914B-1 East 240 205 Alarm
(8,500) (7,225)
FS-904A-1 and FS5-914A-1 Eact 240 193 Starts standby fan and alarms
(8,500) (6,800)
FS-903A-1 and FS—~913A-1 West 240 193 Starts standby fan and alarms
(8,500) (6,800
FS-904A-2 and FS-914A-2 East 240 181 Shuts down AC units 2, 5, 10, and 14
(8,500) (6,375)
FS-903A-2 and FS-913A-2 West 240 181 Shuts down AC units 2, 5, 10, and 14

(8,500) (6,375)

1N A A
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Table 7.2. Differential pressure gauge tabulation

Normal Setpoint

Type of
Gauge No. Area monitored Pa Pa action
(in. H,0) (in. H,0)
2 2
PdATI-900 Reactor bay 74,6 24,9 Alarm
(0.30) (0.10)
P4I-901 Beam room 74.6 None None
(0.30)
P4I-902 Experiment bay 74.6 None None
(0.30)

The nominal differential is -74.6 Pa (-0.3 in. HZO)' Because neither
the beam room nor the experiment room are provided with air locks, it is
expected that the differential pressure in these rooms will fluctuate to
a greater extent than that in the reactor bay. Modulating dampers are
provided in the fresh alr intakes to minimize the fluctuatioms. The
reactor bay is provided with alr-lock entrances for both personnel and
motorized equipment. These are not true locks such as those found in
"static” containment systems, but are merely small antichambers which
serve a similar purpose. A visual and audible alarm is given in the
control room, should the differential pressure in the reactor bay
decrease below -24.9 Pa (—0.10 in. Hy0).



8. EMERGENCY SYSTEMS

8.1 Diesel Electric Generation and Distribution Systems

8.1.1 References

Drawings:

1546~01~-E~2007 One Line Diagram, Normal-Emergency System No, 1

1546~01-E-2008 One Line Diagram, Normal-Emergency System No. 2

1546~01-E-2124 Elementary Control Diagram, Diesel Generator No.
2 Air Compressor

1546~-05-U-7021 Flow Diagram, Diesel Generators and Fuel
Distribution

Singmaster & Breyer Specifications:

107 Electrical Work, Diesel Generators and Normal-Emergency
Switchgear

8.1.2 Introduction

Emergency ac electric power is supplied to the HFIR by two 350-kW,
480-V, 3-phase, 60-cycle, diesel—-engine-driven generators located in the
electrical building. Power is supplied by the generators to two sets of
normal-emergency switchgear which distribute the emergency power to the
equipment required for 10% full power reactor operation. In normal
operation both sets of normal-emergency switchgear are energized by the
normal power system; the diesel generators are not running.

In the event of a sustained normal power failure or a 30% drop in
source voltage for a duration of two seconds, auxiliary contacts in the
automatic transfer switches: (a) energize the diesel engine startup
clrcuits to crank the engines; (b) trip all of the circuit breakers in
the normal-emergency switchgear; and (c) apply a trip impulse to the

diesel test-loading circuit breakers.
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8.1.3 Normal-emergency system No. 1

Diesel engine. The diesel engine (Caterpillar Tractor Co. Model No.

D-379) is rated to provide 350 kW of generator output continuously and
400 kW for two hours. The unit is turbo-charged, has eight cylinders,
operates on a 4-stroke cycle, and uses No. 2 fuel oil. The engine is
water cooled and has an integrally mounted radiator and fan., It is
electrically started by two 32-V dc motors and has a thermostatically
controlled jacket water heater which waintains the cooling water at 32°C
(90°F).

Starting battery. Starting power is obtained from a 32~V 24-cell

nickel-cadmium storage battery which is installed in the No. 1 diesel-
generator room of the electrical building. The battery has an 8-h
discharge rate of 9.7 x 10°C (270 A-h) and is sized to provide the
proper breakaway and rolling currents for the diesel engine. The bat-
tery will supply 2100 A for 5 s or 1050 A for 90 s.

Battery charger. The battery charger for the starting battery is

rated 14 A continuous at 32-V dc. The charger floats the battery at
33.6 V continuously and has an adjustable 24-h timer which permits the
battery to be given a freshening charge at 1.50 V per cell (36-V total),
After the freshening time period has elapsed, the charger automatically
returns to the floating voltage of 33.6 V. 1In the event of battery
charger fallure or a dc¢ ground, an annunciator on the "HI" panel in the
main control room will alarm.

Charger instrumentation and equipment includes a voltmeter and an
ammeter for monitoring the output voltage and current, an "On—-Off"” push-
button, an "ac Power On” indicating light, and rheostats for adjusting
the floating and freshening voltages. The charger has a built-in
current limiting circuit which limits the current to its rated value

under all conditions of operation.



Generator. The generator is a General Electric package—type unit
integrally mounted with the diesel engine and is rated at 350 kW, 0.8
power factor continuously, or 385 kW for two hours without destructive
overheating. The generator is self-excited and includes a rotating
exciter.

Controls and instrumentation. The mode of operation is selected by

the "Engine Test—Automatic—-Stop—Hand Crank™ control switch located on
the diesel-generator control panel.
L. In the "Automatic” position, the diesel generator starts auto-
matically upon a failure of the normal power system.
2. The "Engine Test"” position is used for starting the diesel
generator for test purposes——either to run it unloaded or with
a test load. Operation in this position allows automatic trans-
fer from the normal to the emergency system in the event of a
normal-power failure while a test run is being made.
3. In the "Stop” and "Hand Crank" positions, the electric starting

controls are inoperative. NOTE: The switch should never be

left in these positions during reactor operation.

The following instrumentation is provided locally on the engine:

1. lubricating oll-pressure gauge,

2. cooling water temperature gauge,

3. fuel pressure gauge,

4, service wecer, and

5. lubricating oil-level gauge.

Abnormal engine operating conditions are indicated locally by a
buzzer and indicating lights and remotely im the main control room by an
annunciator on panel "HIL," Conditions which cause actuation of the

annunclator are:



6.

7.

high cooling-water temperature 98°C (209°F);

low lubricating oil presure (below normal but not serious
enough to require immediate engine shutdown) {[<124 kPa (18
psig)];

low fuel o0il pressure [<82.7 kPa (12 psig)];

engine overspeed (This condition shuts the engine down and
requires resetting of the overspeed relay and rack solenoid.
Should this fall, & mechanical overspeed device set at a
slightly higher speed will shut down the engine.);

very low lubricating oil pressure [This shuts the engine down
and requires ressetting of the rack solenoid to restart the
engine, <55 kPa (8 psig).l;

overcranking (When this alarm occurs, the engine has completed
the three 15-s cranking cycles and has not started.); and

rack solenoid in the “Stop™ position.

The following generator instrumentaiton and controls are provided

locally on the diesel~generator control panel:

1.

2,
3‘

voltmeter and associated switch which permits reading the three
phase—-to—-phase output voltage,

wattmeter which displays the power output,

ammeter and associated switch to permit reading the output
current for each phase,

frequency meter which indicates the line frequency,

tunning time integrator which maintains a record of operating
time,

a voltage regulator control switch to permit selecting the mode
of voltage regulator control (In the "Auto” position, the
voltage 1is controlled automatically at a pre-selected value.
This pre—selected value may be adjusted with the "Voltage
Adjust Rheostat” mounted on the right-hand side of the panel.
In ¢he “"Manual” position the voltage is controlled by a



8-5

rheostat located at the center of the panel. The "Test”™ mode
is used for testing the voltage regulator output during main-
tenance.);

main generator breaker [NOTE: This breaker must always be in
the closed position during reactor operation.]; and

test loading circuit breaker (This breaker is used to test load
tlie diesel generator using the building lighting system as the
load. An Interlock permits testing ouly one generator at a
time.).

Normal-emergency switchgear. Normal-emergency switchgear consists

of the automatic transfer switch, six circuit breakers with 125-V dc¢

control power, a sequence—closing timer, and a multipole auxiliary

relay.
1.

2‘

The following controls and instrumentation are provided locally:

two red, automatic transfer switch position—indicating lights-—-
one marked "Normal"” and the other marked "Emergency;"

a cricuit breaker control switch and red and green position-—
indicating lights for each feeder breaker (When the red light
is on, the breaker 1is closed; when the green light is on, the
breaker is open.);

a white light to indicate that power is available for operating
the timer when required; and

a key operated "Test” switch to simulate a normal-power failure.
(When placed in the "Test” position, the diesel generator starts
and automatic transfer occurs. This will only be done when the
reactor is shut down.)

Control room instrumentation. The general condition of the normal-

emergency system is indicated on panel "I" in the control room by the

following instrumentation:

1.

2.

three red lights which iudicate that the diesel-geperator is
running,

red and green position-indicating lights for the generator main
breakers,
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3. two main automatic transfer switch position-indicating lights,
and

4, two diesel test-loading transfer switch position-indicating
lights (one for each normal-emergency system).

In addition to these lights, annunciators are provided in the main
control room for:

1. diesel—-generator No. 1, misoperation;

2. diesel-generator No. 1, battery charger failure; and

3. low fuel-oil level in the day tanks or underground storage tank.

8.1.4 Normal-emergency system No. 2

The No. 2 normal-emergency system 1s identical to the No. 1 systenm,
with the following exceptions: the diesel engine has an air motor
starting system instead of an electrical system. This unit is supplied
with an air motbr and drive, a pressure regulator, vapor arrestor, and
noise muffler. The pressure regulator reduces the inlet pressure from a
maximum of 1.7 MPa (250 psig) to 0.62~0.69 MPa (90-100 psig) of regulated
pressure for the air motor. Supply air is obtained from an air receiver
and alr compressor located adjacent to the dlesel-generator.

Air recelver. The air receiver has sufficient capacity to permit

five starts of approximately 5-s duration each. Pressure switch PS-639
operates to start the air compressor when the pressure in the air
receiver drops to 1.5 MPa (215 psig) and to cut it off when the pressure
reaches 1.5 MPa (250 psig). In the event the pressure drops to 0.69 MPa
(100 psig), pressure switch PS-645 actuates an annunciator on panel "HI”

in the mailn control room to indicate low starting air pressure.
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Air compressor. The air compressor is controlled by a "Run—-0ff-

Automatic” selector switch. In the "Run" position the compressor operates
continuously. 1In the "Automatic™ positlon the compressor is controlled
by pressure switch PS-639 as described above.

An overcranking alarm is actuated after the cranking cycle has run

for 75 s without the engine starting.

8.1.5 Fuel-oil storage and distribution

Fuel-oil storage and distribution equipment consists of:

1. FOT-1, a 15,140-1 (4,000~gal) capacity storage tank, located
underground just south of the electrical building;

2. FOT-2 and -3, two 227-1 (60-gal) capacity fuel-oil day tanks,
one located in each diesel-generator room; and

3. PU-1 and -2, two fuel-oil transfer pumps, one located in each
diesel—-generator room.

Storage tank. The underground storage tank 1s equipped with a

S5.1-cm (2-in.) level-gauge opening, a 3.8-cm (1 1/2-in.) vent line with
flame arrestor, a 3.8—cm (L 1/2-in.) fill line, and a level switch,
LS-647, for low—level annunciation.

Three 3.8-cm (1 1/2-in.) lines enter the tank. One is a common
overflow line from the two day tanks; the other two lines feed the fuel-
0il transfer pumps. These two lines extend to the bottom of the storage
tank and are equipped with strainers and foot valves to prevent the
transfer pumps from losing their primes.

Day tanks FOT-2 and FOT-3. The 227~1 (60—gal) capacity fuel-oil day
tanks are provided with overflow lines which drain by gravity through a

common header back to the underground storage tank. The day tanks are
mounted at sufficient elevation to feed fuel oil to their respective

diesel engines by gravity. O0il 1s recycled from the diesel engines back
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to the day tanks by the diesel—engine fuel pumps. Each day tank has
sufficient capacity for two hours' diesel-generator operztioa.

A spring-loaded valve is located in the fuel-o0il supply line from
the day tank to the diesel engine, This valve is held open by mechani-
cally attached fusible lirks which are located above the day tank, above
the transfer pump, and above the diesel engine. In case of fire the
links will open, allowing the valve to close and shut down the diesel
engine.

Level switches LS-648 on FOT~2, LS-649 on FOT-3, and LS-647 on the
storage tank actuate a common annunciator on panel "HI"™ in the main
coutrol room upon low fuel~o0il level. Level indicators LI-634 and
LI-636 indicate locally the level inside FOT-2 and FOT-3, respectively.

Transfer pumps PU-l and PU-2, Fuel oil is delivered by truck to the

underground storage tank and is then pumped, as required, by the transfer

pumps to the two day tanks. Each of the pumps is coantrolled by a “"Run~—~

Off-Automatic” selector switch. In the "Automatic” position, PU-1 is

controlled by level switch LS8-633, located on FQT-2; PU~2 is controlled

by level switch LS-635, located on FOT-3. The pumps are started when

the fuel-oil level inside the day tanks drops to approximately 907 full

and are stopped when the level reaches approximately 957 full, The

pumps run continuously when the seletor switch is in the "Run” position.
In the event one fuel-oil transfer pump becomes inoperative, the

other may be used to pump fuel to both day tanks. 1In this case manual

control of the pump is necessary.



8.2 Battery-Powerec Pony Motors

8.2.1 References

Drawings:

1546-01-E-2007 One Line Diagrams, Fall~Free System

1546~01-E-2113 Operating Description

1546~01-E-2120 Elementary Control Diagrams, Primary Coolant Pumps
ORNL Specification No.:

500-E-2 - Primary Coolant Pumps

8.2.2 Description cf system operation

Forced circulation of primary coolant water is provided during normal-
power outages in order to ensure against damage to the reactor due to
afterheat production. This forced circulation is accomplished by dc pony
motors coupled directlv to the ac motor shafts of the main primary coolant
pumps. The pony motors are rated at 3 hp, 31.0 A full load current. One
pony~motor pump delivers 6056 1/min (1600 gpm), two deliver 7949 1/min
(2100 gpm), and three deliver 9084 1/min (2400 gpm).

Each pony motor is supplied from & 125-V dc battery in parallel with
a battery charger. Under normal conditions, the battery charger supplies
the pony motor and floats the battery at constant voltage. Upon a normal-
power outage or battery charger failure, the battery supplies the pony
motor. The batteries, battery chargers, and the pony motor metering
cabinets are all located in the battery room (G-13) on the ground floor
of the reactor building.

A pony motor is mounted on top of each of the four primary coolant
pump ac motors. During normal operation both motors are energized, and
the pony motor contributes only a small amount of torque to the pump.
De-energizing the main ac motor, as during a normal-power outage, results

in the slowing down of the pump until the pony motor torque 1s suirficient
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to drive the pump at a reduced speed (270 rpm). No manual or automatic
operation 1s necessary for the transfer of load from the main ac motor
to the dec pony motor.

Test circuit. Each pony motor has a 108-V dc shunt "test" field

which permits full load current to be drawn by the motor during normal
operation of the reactor. The "test” field current is applied by a
pushbutton on panel "E" in the main control room and is supplied by a
silicon diode rectifier. The motor current may be observed on an indi-
cator located adjacent to each test button. An assocliated ammeter and
a rheostat for adjustment are located in the 2400-V motor starter.

Batteries. Each battery is rated at 125 V and contains 92 nickel-
cadmium alkaline pocket plate cells in sealed plastic containers. Each
battery is capable of supplying approximately 50 A for a two-hour period
without use of the charger., This rating enables the battery to drive
the poany motor for at least two hours during a normal-power outage even
if the diesel—generator does not start.

Battery chargers. Each battery charger is rated at 480-V, 3-phase,

6-cycle input with 129-V, 50-A dc output. Each has an automatic voltage-
control circuit that maintains a floating voltage of 129 V from 0-100%
load. A current limiting device prevents over-current under all operat-
ing conditions.

The chargers are supplied from normal-emergency system No. 1 through
motor control center "D which is located in the electrical equipment
room (G~12) on the ground floor of the reactor building. Motor control
center "D" is energized by the No. 1 diesel-generator 20 s after the
generator assumes the load. This allows pony motor operation for as
long as the diesel~generator runs in addition to the two hours of opera-
tion from the batteries. Provision has been made to supply power from

the No, 2 diesel-generator in the event No., 1 diesel fails to start.
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The following equipment is located on the front panel of each battery
charger:

1. an ac power disconnect switch,

2. an "On—-Off" start switch,

3. a pilot light to indicate that the unit is in operation,

4, a dc voltmeter to indicate the output voltage,

5. a dc ammeter to indicate the output current,

6. a variable transformer control for adjusting the floating
voltage (1.40 V per cell or 129 V total),

7. a varlable transformer control for adjusting the freshening
voltage (1.50 V per cell or 138 V total), and

8. a 0-24 hour adjustable timer for the freshening charge (the
charger automatically returns to the floating charge rate at
the end of the timer cycle).

A dc output circuit breaker is located behind the front panel of the
charger to ensure against inadvertent opening. A common annunclator on
panel "HI" in the main control room annunciates a charge failure or dc
ground at any of the four battery chargers.

Pony-motor metering cabinet. On the front panel of the metering

cabinet is a zero center ammeter which indicates charge or discharge
current of the battery.

A shunt, between the pony motor metering cabinet and the pony motor,
is connected to a voltage—to—current converter. This voltage-to-current
converter transmits a signal to the pony motor current ammeter (one for
each pony motor) on panel "E" in the main control room and to a dual
alarm switch in the auxiliary control room which actuates annuncilators

on panel "IE” for high (35 amps) and low (3 amps) pony motor current.
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8.3 Instrument Batteries

8.3.1 References

Drawings:

1546—-01-E-2007 One Line Diagrams, Normal-Emergency Bus, MCC "J"
1546-01-E~-2009 One Line Diagram - Instrument Power
1546-01-E~2024 Panel Schedule, Reactor Building

1546-01-E~2026 One Line Diagram, P-31, P-~32, and P-33

Singmaster & Breyer Specifications:

107 Electrical Work, Batteries, and Battery Chargers

8.3.2 1Introduction

The instrument power system supplies power for all process and nuclear
instrumentation at the HFIR, The system 1s supplied by a feeder from the
the normal-power system through 13.8-kV, 120/240-V electrostatically-
shielded transformers; but in the event of a normal-power fallure, the
instrumentation load is automatically transferred to the normal-emergency
system. Two sub-systems are provided—-one for reactor operation and the
other for experiment use.

The normal-emergency power system usually operates from the emergency
diesel—generators during a normal-power outage; but since its operation
depends upon the automatic starting of the diesel generators, it is not
considered to have maximum reliability. For those applications where
loss of normal ac power could cause hazard to personnel or major equip-
ment, ultra-reliable power systems are provided which are not dependent
upon the successful startup of the diesel—generators. Twn such applica-
tions are:

l. The power supplies for the four primary coolant pump emergency

motors (pony motors) which remove the heat produced in the
reactor after shutdown. This system 1s referred to as the

"fail-free" system (see Section 8.2 in this procedure).
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2. The power supplies for the three reactor safety systems and
regulating channels.
In general, each of these power supplies consists of a nickel-
cadmium storage battery in parallel with a battery charger which is

supplied from the normal-emergency system.

8.3.3 Direct current instrument power (32/64 V)

Each of the three 32/64-V dc power systems supplies a nuclear safety
and control channel. The systems are kept separate from each other
wherever feasible. Each of the systems consists of a storage battery,
two battery chargers, monitoring equipment, and a power panel.

Batteries. Each battery consists of a center-tapped bank of 48
nickel-cadmium cells. The center tap is grounded, making the voltage of
the three terminals -32 V, zero, and +32 V. The battery is sized to
provide 40 A of current for a two-—hour period without charger operation.

Battery chargers. Each battery bank is supplied by two battery

chai.gers to ensure adequate charging to each half of the bank regardless
of the current draln from each half. The charger is rated to produce
50 A continuously at 32 V dc. The charger floats the 24-cell battery
section at 1.40 V per cell (33.6 V total). It has an adjustable 24-h
timer which permits the battery to be gilven a freshening voltage of 1.50
V per cell. After the pre-selected freshening time period has elapsed,
the charger automatically returns to the floating voltage. In the event
of a fallure of any one of the six battery chargers in the instrument
povwer system, a single common annunclator on panel "HI" in the main
control room will alarm,

Battery charger instrumentation and control equipment is similar to

that of the pony motor battery chargers (see Section 8.2 in this

procedure).



8-14

Distribution. Each of the batteries supplies a power distribution

panel located in the main control room. These panels are P-31, safety
system No. 1; P~32, szfety system No. 23 and P-33, safety system No. 3.
The panels contain both 32— and 64-V circuit breakers, A fused safety
switch is tapped off ahead of each panel to provide power to the three
reactor servo systems.

120 V non-interruptive power. The heat-power calculators require a

120-V ac power supply which is not subject to interruption. To provide
this service, three 32~V dc input 118-V ac output inverters are provided--
one for each safety system channel. The inverters are supplied 32-V dc
power from panels P-31, P-32, and P-33 and are located in the process
relay cabinet in the auxiliary control room. The inverters utilize solid
state circultry and will provide 250 VA continuously at 118 V, 60 cycles
per second. A "Power-On" indicating light is provided in the cabinet

for each inverter,

125-V dc power. The switchgear battery, located in the electrical

building (see Section 8.1 in this procedure), supplies 125-V dc power
for reactor instrumentation and control through distribution panel P-29
in the main control room. This panel supplies power to the four shim-
safety—-plate seat relays, to the regulating plate insert— and withdraw-

limit relays, and to the fast insert shim-safety rod drive relays and

solenoids.

8.4 Auxiliary Pressurizer Pump

8.4.1 References

Drawing:

1546-01-E-2118 Elementary Control Diagrams, Primary Feed Pump
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8.4.2 TIntroduction

The auxiliary pressurizer pump, PU-11, is a high speed, centrifugal-
type pump and 1s operated from normal-emergency system No. 1. It is
used to maintain primary coolant system pressure and to supply primary
pump seal water flow during failures of the normal power system. It can
also be used during reactor operation when both main pressurizer pumps
are inoperative. The pump delivers 114 1l/min (30 gpm) at 4.8 MPa (700

psig) and will keep the system pressurized if leakage does not exceed

this amount.

8.4.3 Controls

The pump is provided with a "Run-Automatic~Off"” switch, locally
mounted to permit selecting the mode of operation. 1In the automatic
mode, the pump is started by low flow in the main pressurizer pump
effluent line, which is sensed by flow element FE-216, and by an auxi-
liary contact on the automatic transfer switch of normal-emergency
system No. 1 switchgear. Power for the pump comes from MCC "E" and is
delayed 30 s after the diesel assumes the load. The pump contiues to
run after normal power has been restored.

Running lights are provided at the "Run—Automatic-Off" switch and at
the "Remote Control-Off"” selector switch which is mounted on the process
panel board in the control room. The "Remote Control-0ff” selector
switch enables the pump to be shut down from the control room. An
annunciator, "PU~11 Off," on panel "IE" in the main control room will
annunciate when the "Remote Control-Off" selector switch and/or the

"Run—Automatic—Off" switch are in the “Off" position.
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8.5 Auxiliary Secondary Coolant Pump

8.5.1 References

Drawings:

1546-01-E~-2118 Elementary Control Diagrams, Process Water
Equipument

1546-01-1-4007 Instrument Application Diagram, Secondary

Coolant Loop
Singmaster & Breyer Specificatiosn:

50 Cooling Tower Vertical Centrifugal Pumps

8.5.2 Introduction

The auxiliary secondary coolant pump is driven by a two-winding, two-
speed, 400 V, 3-phase, 60-cycle motor. The two windings are completely
independent of each other and are brought out to separate junction boxes
located on opposite sides of the motor. Each of the two windings serves
a different purpose. The high-speed winding (1200 rpm) is used for nor-—
mal operation of the pump to provide secondary coolant flow when the
reactor is shutdown and the main secondary coolant pumps are out of ser~
vice. The slow-speed winding (600 rpm) is used to provide the emergency
coolant flow required to keep the reactor at 10%Z of full power during a

normal-power outage.

8.5.3 Controls

The pump is provided with a "Run-Automatic-0ff" switch for the low-
speed winding and an "On—-Neutral-0ff" switch for the high-speed winding.
The two switches are located on control room panel board E3. An inter-—
lock in the control circuitry prevents energizing both windings simul-
taneously.

The high-speed winding is supplied from MCC "N" and is inoperative
during a normal-power outage. The low-speed winding is supplied by
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normal-emergency system No. 1 through MCC "J." In the event of a power
outage a delay of 20 s exists before the diesel assumes this load. A
time—~delay relay keeps the pump running after return to the normal-—power
system., This feature provides secondary coolant flow during the time
interval between return to normal power and the manual starting of the
main secondary coolant pumps.

The pump starter is interlocked with valve FCV-362A so that the
static head of the cooling tower is bypassed whenever the low-speed
winding is energized. FCV-362A is located in a 30.5 cm (12-in.) line
which bypasses the vertical risers and allows circulation through the
basin only.

A running light, located on the process panelboard, indicates when
the low-speed winding is energized. An annunciator on panel "2E”" in the
main control room is actuated when the selector switch, SS-1, is in the

"O0ff" position.

8.6 Fire-Protection Systems

8.6.1 References

Drawings:

1546-01-E-2079-2083 Fire Alarm Interconnection Diagrams
1546-01-E-2084 Fire Alarm Block Diagram
Singmaster & Breyer Specifications:

70 Fire Protection

107 Electrical, Fire—-Alarm System

8.6.2 Introduction

Fire protection at the HFIR includes the following:

1. underground fire water piping (see Potable Water System);

2. sprinklers;
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3. standpipes, hose cabinets, and portable extinguishers; and

4, fire—alarm signaling systems (including electricl controls,
alarms, and heat detectors).

There are three basically identical fire—protection systems. Each
has a sprinkler system and a fire-alarm system which consists of a

control panel, a zone panel, and a master box. A fourth master box

monitors troubles in the three alarm systeus.

8.6.3 Cooling—tower area

Master box No. ! (ORNL Code 843), located outside the cooling tower
equipment building, serves the cooling tower, the cooling tower equip-
ment building, and the electrical building. To prevent freezing of the
water lines, a dry-pipe sprinkler system protects the cooling tower and
the cooling tower equipment building. Due to the large quantity of
electrical gear, the electrical building has no sprinkler system.

The lines supplying the dry-pipe sprinkler heads in the cooling
tower and the cooling tower equipment building are pressurized with
276 kPa (40 psig) air from the instrument air system. Upon excessive
temperature [74°C (165°F) in the cooling tower equipment building and
100°C (212°F) in the cooling tower] sprinkler heads will open causing a
loss of alr pressure in the lines. The loss of air pressure, in turn,
allows water to fill the line and supply the sprinkler heads. At the
same time the fire alarm is actuated by a flow switch.

A manual fire alarm box is located in the cooling tower equipment
building. Actuation of the fire alarm either manually or automatically
by the water-flow switch will cause the cooling-tower fans to shut down.
Provision has been made to allow the cooling-towc fan shut~down feature

to be bypassed in the event of a false fire alarm.
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Electrical building fire-protection equipment includes heat detec-—
tors and manual alarm boxes to initiate a fire alarm and portable fire

extinguishers.

8.6.4 Reactor building

Master box No. 2 (ORNL Code 842), located outside the west side of
the reactor building, serves the reactor building and the reactor build-
ing pre—action sprinkler system. Upon high temperature or a high rate
of rise in temperature at the heat-sensing devices, which are strategi-
cally located throughout the building, the sprinkler system is filled
with water by an automatic water—control valve. This valve is located
in the stairwell on the west side of the building at ground floor level.

Sprinkler heads open upon reaching 74°C (165°F). Fire alarms are
initiated by excessive temperature at the heat-sensing devices, by actu-
ating a wmanual alarm, or by water flow at the automatic water-control
valve. A trouble bell is actuated by high or low air pressure in the
pre—action system, by low water pressure in the supply line, and by the
supply water valve being closed. An annunciator on panel "HI" in the
main control room is actuated by the heat detector devices manual boxes
and the water flow switch in the sprinkler system.

Air pressure of 10.3 to 13.8 kPa (1 1/2 to 2 psi) is kept in the
pre—action sprinkler lines by an air compressor which is located near
the pre—action valve in the stairwell. Either low or high air pressure
causes a trouble alarm.

Hose cabinets and portable fire extinguishers are located strategi-
cally throughout the reactor building. Water supply for the fire hoses

comes from the fire water loop which encircles the building.



8-20

8.6.5 Office and maintenance building

The office and maintenance building is served by master box No. 3

(ORNL Code 841), which is located just east of the building. The fire

alarm is actuated by manual fire—alarm boxes and by the water-flow

switch located in the supply line to the wet-pipe sprinkler system.

Sprinkler heads open upon reaching a temperature of 71°C (160°F).

The following is a list of zones covered and actions produced by the

fire protection system:

Alarm Code 843 - Cooling tower, cooling tower equipment building,
and electrical building (master box No. 1)
Zone Location Actuating device or condition Action¥*®

1 Cooling tower and Heat detectors and water-flow Alarm and fan
cooling tower switch shutdown
equipment building

2 Electrical building Heat detector Alarm

3 Dry-pipe system High or low air pressure, low Trouble bell
supervision water pressure, and water
(trouble) valve closed

4 Spare

*Zones 1 and 2 cause pipes to be filled with water,
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Alarm Code 842 — Reactor building 7900 (master box No. 2)

Zone Location

1 Ground floor

First floor
Second floor
Third floor

Water flow

[« AT ¥, B - R VS B

Pre—-action super-—
vision (trouble)

*Zones 1 through 5 cause:

Actuating Device or Condition

Action¥*

Heat detector

Heat detector
Heat detector
Heat detector
Water—flow switch

High or low air pressure,
low water pressure, and
water valve closed

Alarm and shut-
down of UV-1
and FN-5

Alarm
Alarm
Alarm
Alarm
Trouble bell

(a) annunciator HI-12 "Fire Alarm,"” (b)

AC-15 and FN-1 shutdown, and (c) pipes to be filled with water.

Alarm Code 841 — 0 & M building (master box No. 3)

Zone Location

1 Entire building

2 Wet-pipe system
supervision
(trouble)

Actuating device or condition

Action

Manual fire—alarm box or
water—flow switch

Low water pressure Or water
valve closed

Alarm

Trouble bell

Alarm Code 8422 - Trouble alarm for area (master box No. 4)

Zone Location Action
1 Master box No. 1 Fire alarm and trouble bell
2 Master box No. 2 Fire alarm and trouble bell

3 Master box No. 3 Fire alarm and trouble bell



8-22

8.6.6 Power supply

The HFIR fire protection system is powered by dc voltage supplied by
a bank of nickel-cadmium cells in parallel with a battery charger. This
equipment is located in the fire alarm equipment room (102B). 1In case

of a failure of normal power, the battery (24 V) is capable of supplying
sufficient current to the system for a period of 12 hours. The battery

charger is similar to those of the instrument-—power system.

8.7 Emergency Services

8.7.1 Introduction

When an emergency occurs, it is the responsibility of the person
discovering the emergency to take immediate action to protect personnel
and property and to bring the emergency under control., This applies to
fire, radiation incidents, explosions, personnel injury, or any other
emergency. Lt should be accomplished by one or more of the following:

1. Control the emergency singlehandedly, if possible.

2. Telephone 911 (Emergency Control Center) for help.

3. Pull the nearest fire alarm.

4, Call the local emergency supervisor.

5. Call a local emergency squad member or anyone nearby.

6. Sound the building evacuation alarm, if necessary.

7. Meet and orient the emergency service unit.

When a call is received by the Emergency Control Center at 911 the
dispatcher immediately notifies thwe Laboratory Shift Supervisor and

dispatches the emergency service unlts needed (fire, guard, etc.).

8.7.2 Fire Department

The Fire Department contalns two sections: a fire-fighting section

and a building—inspection section. The fire-fighting group is available
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at all time. The building-inspection group is available on the regular
8-4:30 shift, Monday through Friday.

The inspection group makes periodic inspections of the HFIR complex
and reports fire hazards to the HFIR supervisor. Reactor Operations
personnel can aid in fire prevention by reporting fire hazards to either
the shift supervisor or to the Fire Department Inspection Group.

A fire may be reported to the Fire Department by telephone (call 911)
stating the location, name of the caller, badge number, and the type of
fire, or by actuating the nearest fire alarm box. In either case the
person should remain in the area and direct Fire Department personnel to
the fire.

Immediately after a fire extinguisher is used, a call should be made to
the fire captain on duty, reporting the use of the fire extinguisher and
the nature of the emergency. This will ensure that the fire extiaguisher
will be refilled and placed back in service for future emergencies.

Personnel of the Fire Department are equipped and trained to administer
first aid., The pnealator and inhalator are taken on all emexgency calls,

Fire—fighting rules

a. Put out a small fire if you are sure you can, then notify the
Fire Department.

b. Report all other fires to the Fire Department at once and, if
necessary, sound the evacuation horu.

C. Direct the Fire Department personnel to the scene of the fire.

8.7.3 Guard Department

The Guard Department headquarters 1s located in Building 2500 in the

main X-10 area of ORNL. The main function is plant security; however,
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many other services are performed by the department personnel, Plant
employees can aid the guards in the performance of their duties by pro-
perly wearing the picture film badge and observing plant rules, The
badge should be worn on the left side, shirt pocket area. -

The Guard Department works in conjunction with the Fire Department on
fire alarms. Both departments have identical alarm code systems. Upon
receiving a fire alarm by phone or fire alarm box, the Fire Department
dispatcher will accompany the fire trucks to the emergency and the Guard
Department dispatcher will operate the alarm code system until the fire
dispatcher's return. Designated guards on all shifts are trained auxi-
liary firemen. These men also have training in first aid.

Permits for the operation of plant vehicles are issued by the day-
shift guard captain. Permits for operating vehicles up to a 680-kg
(3/4-ton) truck will be issued upon presentation of a state permit, a
completed application form signed by the applicant and his supervisor,
and certification of an eye examination from the Health Division. For
operation of vehicles larger than the 680-kg (3/4-ton) truck, completion
of a driver's test given by the Guard Department is required.

The plant ambulance is operated by guards. In an incident where
amhulance service is needed, a telephone call should be made to the
Emergency Control Center, phone 911. The ambulance driver will stop at
the medical dispensary, and a nurse and/or doctor will accompany the

driver to the emergency.

8.7.4 Medical dispensary

The Health Division's main dispensary is located in Wing 5 of
building 4500 in the X-10 area of ORNL., The division is staffed with
doctors and nurses, The main dispensary is open between 7:00 a.m. and
6:00 p.m. Monday through Friday, but only one nurse is on duty before
8:00 a.m. and after 4:30 p.m.
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Only limited services are available on holidays, weekends and off-
shifts, but a doctor is on call at all times.

Services of the dispensary can be received at any time; however, an
appointment must be made for a doctor's services except in case of an
emergency. In case of an injury, regardless of how slight, the employee

must report to the dispensary for treatment,

8.7.5 Maintenance

The operation of the HFIR complex requires considerablé/maintenance.
To obtain the services of the Plant and Equipment Division, & work order
bearing the department number, the job-number, and a brief description of
the repair work needed is sent to the maintenance engineer. If the job
is an emergency, arrangements can be made f,r immediate repairs.

For emergency maintenance on night shifts or weekends, the
Laboratory Shift Supervisor (phone 4-6606) should be notified of the
situation; and he will make the necessary arrangements for obtaining the

appropriate personnel,

8.8 Radiation and Contamination Alarm and Evacuation Systems

8.8.1 Introduction

The facility radiation and contamination systems are used to provide
Health Physics monitoring information, local alarms when abnormal con-
ditions occur, and remote alarms on a central monitoring panel located
in the main control room. Nine monitrons continuously monitor for gamma
radiocactivity. TFive of these monitrons are used in the facility radia-
tion alarm system (see Table 8.1). Nine constant air monitors continu-
ously sample the air in the building for beta—gamma particulate activity.

Six of these constant air monitors are used in the facility contamination

alarm system.
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Table 8.1 Radiation and air contamination monitors
installed in Building 7900

Location Monitor number

Facility radiation monitors

Subpile room 1
Beam room¥* 2
Experiment room¥ 3
Room 103% 4
Pool top, northwest 5
Reactor bay, southeast* 6
Pool top, southeast 7
Reactor bay, northwest#* 8
Third level 9
Facility contamination alarm monitors
Subpile room 11
Beam roomf 12
Room G-5t 13
Room G-1 14
Experiment roomt 15
Room 103t 16
Reactor bay, southeastt 17
Reactor bay, northwestt 18
Third level 19

*The monitrons in these locations are connected to the
facllity radiation alarm system.

tAll constant alr monitors in these locations are con-
nected to the facility contamination alarm system.
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Operating personnel are first given warning when a “"caution level”
of 7.5 mr/h or 1,000 cpm 1s detected by a monitron or coanstant air moni-
tor, respectively, and again when a "high level" of 23 mr/h or 4,000 cpm
is detected.

The building evacuation system is actuated automatically when two or
more monitrons or two or more air monitors in the alarm systems detect

"high—level” conditions,

8.8.2 Description of systems

Monitrons. Each of the nine monitrons, which are located strategi-
cally throughout the building, is an independent unit and operates as
follows:

L, An alarm circuit operates a bell and a red light on the instru-
ment when the radiation level exceeds 7.5 mr/h. At the same
time a yellow light on an indicator module on the main control
panel is made to burn brightly. The alarm is automatically
reset when the radiation level decreases below 7.5 mr/h.

2, 1f a radiation level of 23 mr/h 1s detected a signal is sent to
the control room to cause the red "High-Level™ light to burn
brightly on the indicator module. The local bell continues to
ring since it was actuated at 7.5 mr/h. No provision is made
for a local "high-level"” alarm.

Constant alr monitors. Each of the nine constant air monitors is

also an independent unit and operates as follows:

1. When the "caution” setpoint (1,000 cpm) is reached, an amber
light comes on and a buzzer is energized. There is no switch
to silence the buzzer.

2. When the "high-level” setpoint (4,000 cpm) is reached, a red
light comes on and a bell rings. The bell can be silenced by a
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toggle switch; and when this is done, amber neon indicator
light, located near the toggle switch, comes on.

3. A timer automatically advances the filter tape once every 24
hours. A local pushbutton allows the operator to advance the
tape at any time. If the tape breaks, a neon indicator is
lighted and the caution light flashes and buzzer sounds
intermittently.

4, If a tape breaks at the same time the caution alarm sounds, the
tape-break neon light, the caution light, and the buzzer will
be on continuously. A test pushbutton permits checking the
alarm panel by simulatneously simulating tape-break and high-
level alarm signals.

Indicator module. When the instrument connected to an indicator

module is operating normally, all lamps on that module are dim (see
Table 8.2). When the module receives a signal that the instrument is
operating abnormally or that the caution-level or the high-level alarm
setpoints have been exceeded, the lamps burn at full intensity-—white
for an inoperative instrument, yellow for caution level, and red for
high level. A signal from the module actuates annunciator "HI-5" on the
control panel. The white lamp will remain bright until the condition
causing the alarm is corrected, at which time the lamp will become dim.
The red and amber lights will remain bright, even after the con-
dition causing the alarm 1is corrected, until they are manually reset by
means of the pushbutton on the indicator module. Annunciator "HI-5" can
then be cleared. If the pushbutton is depressed to reset the indicator
module when the condition causing an alarm has not been corrected, the
lamps will womentarily dim while the button 1s depressed and then will
become bright and the annunciator will sound again when the reset button

1s released.
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Table 8.2 Central control panel alarm indications
for monitrons and air monitors

Lamp instensities

Instrument alarm condition

Red Amber White
Normal operation Dim Dim Dim
Caution level* Dim Bright Dim
High level** Bright Bright Dim
Instrument trouble or out of service Dim Dim Bright
Instrument removedt Bright Bright Bright

*Caution level for air monitor is 1,000 counts/min and for monitron
is 7.5 mr/h.

**High level for air monitor is 4,000 counts/min and for monitron is
23 mr/h.

tlamp intensities exist until a maintenance connection is made
giving "Out of Service"” indication.
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Coincidence module. When two or more monitron indicator modules or

two or more air-monitor indicator modules receive high-level signals,
the associated coincidence module will actuate the building warning and
evacuation equipment and will transmit a signal to the Emergency Control
Center. A red lamp on the affected coincidence module will indicate
which set of instruments has detected an abnrormwal condition.

When the indicator modules showing an abnormal condition are reset
manually, the coincidence module will also be reset.

Buzzer module. The buzzer module gives audible notice that an indica-

tor module has received one of three input signals. The buzzer module,
which serves all indicator modules, is reset by a pushbutton at the front
of the module, After being reset, the module will cause the annunciator
to sound again whenever an input signal is received by one of the indica-
tor modules. For example, a change from a normal condition te a "Caution-
Alarm Level" will start the annunciator. After it 1s reset, a change to
“"High—Alarm Level” or to "Inoperative Instrument” will start the annun—
ciator again.

Air horn and beacon lights. When a coincidence module has been

energized by two or more monitromns or air monitors, five air horas are
actuated by nitrogen gas bottles (one for each horn) to notify the
building occupants to leave the building. The horns will sound for
about four minutes once they are actuated. Two nitrogen cylinders are
attached to each horn but only one should have its valve open. The
other cylinder is used as a spare.

Normal nitrogen cylinder pressure is greater than 10.3 Mpa (1,500
psig). Line pressure 1is between 0.55 and 0.83 kPa (80 and 120 psig).

Abnormal pressures are indicated by red lamps (labeled "Horn Trouble")
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on the central control panel, one lamp for each horn. The dim lamp indi-
cates normal presssures, and a bright lamp indicates abnormal pressures.

Five beacon lights are installed on the outside of the building to
warn personnel that the building has been evacuated. The magenta-colored
lights are turned on when the evacuation system is acutated and remain on
until the coincidence module has returned to a normal condition.

Control switches. The key-operated switch, labeled "Evacuation

Alarm,” on the central panel board can be used to disconnect the air
horns and beacons during maintenance or abnormal operating periods.
Since the Emergency Control Center receives an alarm signal when the
switch is turned to the "Disable" position, the Emergency Control Center
should be notified before the switch is moved to this position.

A large, red pushbutton is located on the right—hand module and is
labeled "Manual Evacuate." This pushbutton actuates rthe evaucation air
horns and beacons and sends an alarm signal to the Emergency Controcl
Center, regardless of the position of the "Normal-Disable™ switch.

A pushbutton on the reactor console can be pressed to temporarily
silence the evacuation horns if it becomes necessary to make announce-
ments while the horns are sounding. The horns are shut off only as

long as the pushbutton is depressed.

8.9 Poison Injection System

8.9.1 References

Drawings:
E-50161 Flow Sheet
E-50157 Piping Arrangement
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8.9.2 Introduction

A poison injection system, utilizing cadmium nitrate, has been
provided as an emergency backup for the normal reactor control system.
Although it is not anticipated that the poison injection system will
ever be required, it must always be in standby while the reactor is
operating in Mode 1.

It has been postualted that the most likely time the poison injection
system will be needed, if ever, is during restart of the reactor subse-
quent to operating at high power levels. It is during this peried that
the rate of change in reactivity is the greatest due to the burnup of
Xenon.

There are several methods of shutting down the reactor by use of the
shim plates. These methods are:

1. scram of the shim—~safety plates;

2. reverse of the shim-safety plates and the shim-regualting
cylinder;

3. ingertion of the shim—-safety plates with the air motors;

4, insertion of the No. 5 shim—regulating cylinder, using the por-
table air motor, located in the subpile room; and

5. insertion of the shim-safety plates manually, using the hand
crank,

In all the above methods, it is necessary that the shim plates be
movable. It has been postulated that conditions might exist such that
it would be impossible to insert any of the shim plates. If these con-
ditions should exist concurrent with a time when the reactivity of the
reactor is increasing, such as by burnup of xenon on restart of the
reactor, a method of shutting down the reactor without use of the shim
plates would be required; therefore, a poison injection system has been

provided.
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Use of the poison injection system will be limited to conditions
when it is impossible to maintain control of the reactor by manipulation
of the shim plates by any of the methods previously listed or because
there is not sufficient time to try them. It is not planned to ever
inject the poison into the reactor system unless it is really needed to
shut down the reactor., Water will be used when flow tests are required
to check the systen.

The most efficient use of the polson injection system during "xenon
chase” could be made only by calculating, at the time of restart of the
reactor, the various parameters applicable to that particular restart.
Some of these parameters are the power level prior to shutdown, time
operated, time shut down, and time required to put poison injection sys—
tem into operation after observing that the shim plates are inoperative.
Therefore, a programmed restart procedure 1s provided to eliminate
making “on—the-spot” calculations during restart of the reactor and to
simplify the restart procedure,

At any time durlng the cycle, if the reactor should shut down from
100-MW operation, the power level may be raised immediately to 100 MW if
the down time does not exceed 10 min. If the down time exceeds 10 min,
the procedure for restart of the reactor after shutdown from 100-MW

operation is given in the following table.
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Programmed restart of the HFIR after 100-MW operation

Time operated Power escalation on restart
at 100 MW lst step 2nd step
<1 42 1 3/4 100
1l to 8 70 11/2 100
8 to 13 90 2/3 100
>13 100 - -

If it should be observed that the control plates continue to come
out at the first-step power level, the power level should be increased
to the "break—even" power level and held there for the duration indi-
cated in the first step.

The above data are taken from Fig. 8.1 which shows allowable power
levels and the waiting time required at those power levels upon restart.
Figure 8.2 is a similar graph showing the first 24 hours of the cycle on

an expaunded scale.

8.9.3 Description of the system (see Fig. 8.3)

Cadmium nitrate in solution (44 wt %) with water is stored in a
379-1 (100-gal) tank located at the head of the stairwell leading from
the main control room. The poison solution is discharged by gravity
flow from the bottom of the tank through 5.1-cm (2-in.) piping to the
suction of the pressurizer pumps.

Three air-operated ball-type valves are used to inject the poison
solution into the pressurizer pump suction line, A 5.1-cm (2-in.) test

and drain line tees into the injection line between two valves and
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discharges through the third valve to a floor drain. The valve discharg-
ing to the floor drain is normally open while the other two are normally
closed. A leak to the floor drain probably would indicate r.e of the
injection valves is leaking,

These three valves have individual operators, and they can be manu-
ally operated locally. The valves are designed, however, to be aperated
remotely from the main control room. Recessed in the control panel
behind a small door are three actuating knobs. These three knobs must
be pulled in the outward direction to supply air to valve operators and
thus inject the poison. This operation opens the normally closed injec-
tion valves and closes tne normally open test and drain valve, Should
the test and drain valve fail to close, essentially all poison will be
injected, since this line has a pipe cap over its e.d with only a small
hole in it to the floor drain.

An orifice is located in the S5.l~cm (2-in.) injection line near the
storage tank, This orifice is sized to permit a flow rate of approxi-
mately 3.8 1/s (1 gps) which results in poison injection over a period
of approximately 100 s. Since the primary system coolant cycle time is
less than 50 s, this assures even distribution of poisou throughout the
system.

A sight glass liquid level indicator is located on the storage tank
so that the operator who actuates the system may observe that the solu-
tion is being injected.

A 1.3-cm (1/2-in.) recirculating line which 1s wrapped with electri-
cal resistance heater tape tees off the injection line at ground floor
level and returns to the top of the storage tank, The solution is
recirculated through this line at approximately 0.4 1/min (0.1 gpm) by

thermal convection to keep the cadmium nitrate from precipating.
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Since cadmium nitrate is toxic, the storage tank is vented to the
open hot off-gas system.

Periodic checks are made to assure that the storage tank remains
full and that the solution remains at its proper concentration.

Hand operated gate valves are located both upstream and downstream
of the three injection valves so that the system may be tested periodi-
cally during reactor shutdown without injecting the poison. These

valves are locked open with a chain and padlock while the reactor is

operating.
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9. WASTE SYSTEMS

9.1 Sanitary Water Disposal System

9.1.1 References

Drawings:

1546-01-U-7112 Yard Piping
1546~01-U-7114 Yard Piping
1546~01-U~7115 Yard Piping
1546~01-U-7310 Sewage Treatment Plant
1546-01-U-7124 Sanitary Sewer Details
Singmaster & Breyer Specifications:

76 Sanitary Sewer System

90 Sewage Treatment Plant Equipment

9,1.2 Introduction

The sanitary sewage disposal system collects, treats, and disposes
of wastes from drains in the reactor building and the office and main-
tenance building. Sanitary waste drainage from the building empties
into manhole SA-1, located approximately 39.6 m (130 ft) south of the
reactor building, before draining into the sewage disposal unit as shown
in drawing 1546-01~U-7114, Clean-out accesses are provided at each

intersection of the drain lines.

9.1.3 Description of the sewage treatment plant

As the raw sewage flows into the plant, it passes through a com—
minuter which cuts the solids into small particles so that treatment can
more easily be effected. After the coarse solids are eliminated, the
sewage flows to the aerator tank where it is mixed with air and settled
solids which have been returned from the clarifier, Adr is added in
such a manner as to create an overturning, circulatory motion in the

liquid contents. A further function of this air is to saturate the
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mixed contents with oxygen which is required for the oxidation of the
sewage. The sewage then overflows from the aerator tank Into the
clarifier tank.

Solids and liquids are separated in the clarifier tank by a settling
process. The liquid overflows through the effluent trough into the
chlorine contact tank where it is disinfected with a chlorine solution.

The activated sludge from the separation consists of fluffy particles
which have settled to the bottom of the clarifier tank. The sludge is
removed from the clarifier by an air 1ift arrangement and returned to
the aerator tank where it aids in decomposing the incoming raw sewage.
In the event sludge accumulation occurs in the clarifier tank, it can be
transferred, by the sludge recirculation pump through bypass piping, to
a sludge storage hopper located on the extreme south end of the -isposal
unit.

9.2 Process Waste System

9.2.1 References

Drawings:

1546~-05-U-7114 Yard Piping

1546~05-U-7115 Yard Piping

1546-05-U-7126 Valve Boxes and Monitor Boxes — Details
1546-05-0-7128 Process Waste and ILW -~ Details
1546-~05-U-7130 Process Waste Sump

1546-05-U-7145 Flow Diagram, Process Waste and ILW
1546-05-U-7306 Process Waste Basins

Singmaster & Breyer Specifications: Section 75 Process Vaste

9,2.2 Introduction

The process waste system receives liquid wastes of low—level

radioactivity, that is, wastes other than sanitary, storm drainage, and
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those wastes having an appreciable amount of radioactivity. Process

wastes are frequently free of contamination; however, these wastes ori-

ginate from sources such as equipument drains, experiment drains, and

floor drains in the reactor building, filter pit, and cooling tower

areas which either contain or may contain, because of leaks, spills,

etc., low levels of radioactivity.

9,2.3 Collection system

1.

Floor drains
Each drain is provided with a trap, sediment bucket, and
cleanout. Floor drains in the reactor bay, experiment room,
beam room, and process—-equipment rooms of the reactor building
generally are located at the columns. In other areas, such as
the heating and ventilating and electrical rooms, shielded-
compartment areas, and pipe tunnels, the floor drains are not
necessarily at the columns but are conveniently located with
regard to the potential source of waste. A special sump in the
bottom of the elevator pit is drained to the system by steam
jets.
Experiment drains
a. Experiment station
Individual drain connections are located at each of
the pool experiment stations. When an experiment is set
up, a temporary connection is made between the experiment
and the process-waste drain located at floor level,
b. Beam room
A drain connection is located near the shielding wall
at each beam port and in the floor nearby but not directly
in front of the beam cavity. Inside the cavity, piping is
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available for a temporary connection to the process—waste
system.

3. Process waste sump

This 3785-1 (1000-gal) sump pit collects wastes from the
subpile room, primary heat-exchanger shell drains, heat-
exchanger-cell floor drains, and the SBHE drip drains because
they are located below the elevation at which the main header
leaves the building. It also collects any overflow from the
ILW storage tank. The sump is emptied by two steam jets which
are automatically operated by level switches to keep the liquid
level in the sump between the elevations of 239 and 240 m (785
and 788 ft). Each jet is designed to discharge 379 1/min (100
gpm) against a head of 9.14 m (30 ft). The jetted waste is
delivered to the process waste main header which leaves the
reactor building on the west side.

Process wastes from all sources in the reactor-building area are
collected in common headers which discharge into a process waste main
header located at the southwest corner of the reactor building under the
floor of the beam room. The process waste main header leaves the build-
ing on the west side to enter the process waste disposal system., Wastes
from the cooling tower area are collected in a common header and are

discharged at the west end of the cooling tower.

9.2.4 Disposal system

Since there are two flow patterns of process waste, one from the

reactor building and one from the cooling tower area, they will be

discussed separately (see Fig. 9.1).
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Reactor building area
The normal flow of process waste from this area is through

valve box No. 3 to valve box No. 2 and on to retention pond

No. 1. Valve box No. 3 contains:

a. Monitor box No. 2, which is composed of a weir for flow
measurement, a proportional sampler which collects samples
for laboratory amalysis, a radiation detector, and record-—
ing and controlling instrumentation.

b. Valve FCV-700 (to the ILW storage tank——normally closed).

C. Valve FCV~701 (to valve box No. 2--normally open).

Flow control valves 700 and 701 may be operated either manually

or remotely from the control room.

Valve box No. 2 contains motor driven, automatically oper-

ated diversion valves FCV-703A (normally open to pond No. 1)

and FCV-7038 (normally closed to pond No. 2). Normal operation

is automatic, but they may be operated manually if necessary.

Cooling tower area
The normal flow of blowdown from the cooling tower is

through valve box No. 1 aand on to manhole S-2 where 1t mixes

with storm drain and sanitary disposal system effluent before
being discharged to Melton Branch. Valve box No. 1 contains
flow control valves FCV-702A (to pond No. l-—normally closed)
and FCV-702B (to Melton Branch--normally open). Also located
in valve box No, 1 is monitor box No. 1l which is similar to the

previously discussed monitor box No. 2,
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The monitoring system

a.

Monitor box No. 2

A radioactivity monitor samples the waste and initiates

a signal which is recorded both locally and remotely in the

control room. It is this signal that causes the controller

to operate the diversion valves in valve box No. 2 to change

the flow form pond No. 1 to pond No. 2. The recorder has

two activity-level switches which act in the following

order:

(1) Activity below the low-level switch setting: The flow

(2)

(3)

is normally through FCV-701 in valve box No. 3 and
FCV-703A in valve box No. 2 to retention pond No. 1.
Activity above the low-level switch setting and below
the high-level switch setting: The controller auto-
matically closes FCV-703A and opens FCV-703B, in valve
box No. 2, diverting the flow to retention pond No. 2.
The change is also annunciated in the control room.
Activity above the high—-level switch setting: The
higher reading is annunciated in the control room and
the operator manually closes FCV-701 to the retention
ponds and opens FCV-700 to the ILW storage tank.

Monitor box No. 1

A radoactivity monitor samples the waste and initiates

a signal which is recorded both locally and in the control

room.

This recorder has only one activity level switch

which operates the controller as follows:
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(1) Activity below the level switch setting: The flow is
normal through FCV-702B to Melton Branch.

(2) Activity above the level switch setting: The control-
ler automatically closes FCV-702B and opens FCV-702A
which diverts the flow to retention pond No. 1. This
action is annunciated in the control room.

Retention ponds
These ponds, located about 76 m (250 ft) south of the
reactor building, allow low-level wastes to be retained long
enough for natural decay and settling.
a. Pond No. 1
This pond provides storage for 908,400 1 (240,000 gal)
of liquid waste; a volume estimated to be adequate to give
a minimum retention period of 12 hours under normal condi-
tions. Normally, all process wastes form the reactor-
building area enter this pond. There is treatment for pH
neutrality; decontamiantion is by decay and settling.
Influent waste enters the pond with an upward flow
through a 6l-cm—diam (24-in.) vitrified clay pipe that
pierces the north bank at elevation 243.4 m (798.5 ft).

The pipe extends upward from the bank to the elevation

243,7 m (799.5 fr) which is 76 cu (2 1/2 ft) above the

pond bottom and 137 cm (4 1/2 ft) below the maximum high-

water level. The upward flow of the influent waste tends
to eliminate short-circuiting of the flow through the
pond.
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On the opposite side of the pond, the effluent leaves
through a flexible 20,3-cm~diam (8-in.), 3.66~m—long (12-ft)
rubber suction hose. This hose is coupled to an 20.3-cm
(8-in.) pipe which runs under the south embankment, at
elevation 24.9 m (796.9 ft), to valves which are used to
regulate the flow. The influent end of the hose is raised
or lowered by a winch and cable mechanism thus coatrolling
the pond level with the height of this end of the hose.

The hose may be lowered into a special sump at elevation
242.8 m (796.5 ft) should it become advisable to drain the
pond completely.

After leaving the pond, the effluent flows to manhole
S-1 where it combines with waste from the storm and sanitary
sewer systems before being discharged to Melton Branch.

Pond No. 2

Retention pond No. 2 is used to impound waste of a
higher activity level than that normally discharged into
pond No. 1 but of lower activity level than that normally
processed by the ILW system, As discussed previously, when
the activity of the waste through monitor station No. 2 is
above the first setpoint but below the second setpoint,
the waste is automatically diverted to pond No. 2. The
1,890,000-1 (500,000-gal) storage capacity of this pond also
makes it capable of impounding extreme flows such as might
result from the sprinkler system and/or fire-fighting equip-

ment 1n contaminated areas.
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Influent wastes enter at the northeast corner of the
pond through a system identiz:l to that in pond No. 1, and
the effluent leaves at the svﬁfhwest corner of the pond
through a flexible suctior ?osé(system also identical to
that in pond No. 1. However., in this case, the effluent
stream does not mix with wastw. from the storm and sani-
tary system but is discharg:? %o a rip-rap lined drainage
ditch south of the embankmenf.

Laboratory—wide waste collection system

Both retention ponds can be pumped into the laboratory-
wide waste collection system. The discharge from each pond
can be valved into pumps which return the liquid to the
main ORNL area for treatment. All retention pond effluent
which contains radiocactivity above the background level is

returned to the laboratory-wide waste collection system.

9.3 1Intermediate Level Waste System

9.3.1 References

Drawings:

1546-05~U-7145 Flow Diagram, Process Waste and ILW -
1546-05-U-7304 ILW Tank Piping and Foundation Details
1546-05-U-7128 Process Waste and ILW Details
Singmaster & Breyer Specifications:

61 Intermediate Level Waste

92 ILW Pumps
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9.3.2 Introduction

Intermediate level wastes are liquid wastes which contain activity
levels between 5.7 x 103 d/m-ml and 5.7 x 109 d/m-ml of beta and gamma
activity. The intermediate level waste may have a pH from 1 to 14,
dissolved solids up to 150 ppm, and suspendeﬁ solids up to 1% by weight.
It is the purpose of the system to collect and store the waste so that
any acidity can be neutralized, suspended solids may be kept in suspen-
sion by recirculation, and activity levels can be determined before
final disposal is effected.

Intermediate level wastes result from demineralizer backwash and
regeneration effluents, decontamination fluids, sampling streams of
experimental coolant, etc., in the reactor building as well as drainage

from the compartmented areas of the filter pits.

9.3.3 Collection

Wastes are collected at points of origin by closed piping connec-
tions. Collection mains are vented to the OHOG system through the
filter pit sump.

1. Experimental drains

a. Drain connections are located at the service stations at
the pool structure on the experimental area level, and at
the shield surface on the beam room level. These connec—
tions are merely drain pipes extended from the main system
to the experimental area. The drains are sealed until
they are needed; at which time, the sealed end is cut off
and the drain from the experiment is welded into the
system to give positive containment.

b. A floor connection is located on each side of the reactor

pool in the reactor bay.
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2. Equipment drains
a, Primary coolant-loop drains
b. Spent resin disposal drains
C. Demineralizer and filter equipment drains
d. Decontamiantion area drains
3. Hot off-gas drains
Wastes originating in the hot off-gas systems are drained
to a special sump in the filter pits. This sump also acts as a
connecting link by which the ILW system is vented to the NHOG

system.

9.3.4 Normal flow nmatterns

The wastes move by gravity flow from collection points to the main
ILW drain headers. The headers are shielded, where they cross open
areas, with the equivalent of 5.1 cm (2 in.,) of lead. The main header
leaves the reactor building at the southwest corner at elevation 246.9 m
(810.11 ft) and proceeds west about 61 m (200 ft) to a buried storage
tank which will be discussed later., The system is designed to accom-
modate a maximum flow of 300 gpm; however, flow rates should seldom, if
ever, reach this maximum,

In addition to this primary flow, waste may be diverted to the ILW
system from the PWD system. This diversion is effected by remotely
closing FCV-701 and opening FCV-700 should the activity level of the

process waste warrant this change (see Fig. 9.1).

9.3.5 Waste storage and accessory equipment (see Fig. 9,2)

The ILW storage tank and the transfer pumps will normally be
operated by Laboratory Waste Collection personnel but, since they are

part of the HFIR complex, will be described here.
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The ILW storage tank

The 49,205-1 (13,000-gal), 2.44-m—diam (8-ft), stainless
steel tank is supported by a concrete pad and buried. 1Its bot-
tom elevation is 243.2 m (798 ft), the top elevation is 245.7 m
(806 ft), while the grade elevation 1s 251.5 m (825 ft). The
liquid level is measured by a level indicator with an electronic
readout in the control room. The tank is emptied periodically
after its contents have been sampled and checked for activity
level and pH.

Transfer pumps (PU-~4A and 4B)

The pumps are vertical centrifugal, stainless steel pumps,
piped in parallel and rated at 227 1/min (60 gpm) each against
a head of 35.1 m (115 ft). The pumps and associated piping are
located in a concrete pump pit just north of the buried storage
tank., The pump suction elevation is 247.6 m (812.5 ft), 3.23 m
(10.6 ft) above the center line of the storage tank.

The top of the pit is concrete, 6l-cm—thick (2-ft) to give
adequate shielding to the operator. Two access ports, each
1.45m (4 ft 9 in.) by 91.4 cm (3 ft) are located in the top
shield. These openings are closed by stepped concrete plugs.

The pumps have a two—-fold purpose. Their main function is
to tranfer wastes from the storage tank to either the
Laboratory disposal system or the HFIR process waste system.
Their secondary function is to recirculate the stored wastes to

prevent suspended solids from settling ' and to provide a’method

of sampling the waste.
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3. Sampling system

On the discharge side of each pump, piping is provided to
carry part of the waste above the pit cover to a sampling sta-
tion. Drainage from the sampling station is back to the storage
tank, Samples are taken periodically and are analyzed for pH
and gross beta-gamma activity.

If the pH analysis shows that the waste is acidic, it is
neutralized by adding caustic to the system from the caustic
day tank.

The results of the gross beta—gamma analysls help to deter-
mine the final disposition of the waste, that is, whether to
the HFIR process waste system or to the Laboratory ILW system.

9.4 Hot O0ff-Gas Systems

9.4,1 References

Drawings:
1546-01-H&V-3001 Air Flow Diagrams
1546-01-H&V~-3028 Building-Control Diagram

RC11-10-9 Instrument Application Diagrams
RC11-10-11 Gaseous Waste Monitoring
Singmaster & Breyét Specifications:

59 Charcoal Bed Filters

62 Open an! i.liined Hot OZf-Gas Systems

9.4.2 Introduction

The HOG systems collect anid decontaminate the gaseous effluent from
the various process vessela, ||hes, and other equipment. They also

serve local areas ii| 6 wliteh lilglly tutli entyatad radloactive gases may
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be discharged, either inadvertently or as a result of normal operation.
The gases are decontaminated by absolute filters and charcoal absorbers
and are then routed through the SBHE filters and vented to the atmosphere
through the 76.2-m (250-ft) stack. Two systems are provided: one, the
closed hot off-gas system (CHOG), to handle components from which the
gases escape under pressure; and the other, the open hot off-gas system
(OHOG), to handle unpressurized equipment (see Fig. 9.3). Both systems
are constructed of Type 304L stainless steel, schedule—10 pipe throughout,
except where heavier gauge pipe was required for embedment. Embedded
pipe was pressure tested before concrete was poured to assure an air-

tight system.

9.4.3 The closed hot off-gas system (CHOG)

The CHOG system services those components which may become pressurized.
It is connected to the primary coolant and pool coolant deaerators.

Stations designed for future connections to the CHOG system are located
both in the experiment room on the shield wall at each beam—tube access
and high on the shield wall to permit connection to pool experiments
through sleeves in the pool structure.

The CHOG ducts which originate at the collection points run to a
common header and thence to the HOG section of the filter pit, Those
ducts located in occupied areas are shielded with the equivaleant of
2.54 cm (1 in.) of lead. The system is sized to handle up to l4 m3/min
(500 cfm) with winimum inlet pressures of -7.5 kPa (-30 in. H20) when
any four of the functional connections are in use. The design pressure

of the piping upstream of the filters is 0.7 MPa (100 psig).

9.4.4 The open hot off-gas system (OHOG)

The OHOG system services those connections which caanot be presssurized.

In addition to handling those components which are open to the building
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and certain valve stations, it also Jents the intermediate level waste

system.
1.
2,
3.
4,
5.
In

The following components are served directly by the OHOG system:

primary coolant demlneralizers and filters,

‘primary coolant head tank,

pool coolant demineralizers and filters,
pool coolant filter, and

pool surge tank.

addition, valve stations permitting future access to the QHOG

system are provided in the following locations:

l.

2.

5.

on the experiment room floor at the shield wall adjacent to
eachi beam-hole access,

in the experiment room high on the shield wall to permit
connection to pool expeciments through sleeves in the pool
structure,

at each of the beam hole ports in the beam room,

in the floor of the reactor bay—--two flush connections, one
north and one south near the pool rim, and

on the wall of the reactor bay adjacent to the decontamination
pad.

Ductwork for the OHOG system runs, separately from the CHOG duct, directly

to the filter pit. Similarly, in occupled areas it is shielded with the
equivalent of 2.54 cm (1 in.) of lead.

Like the CHOG system, the OHOG system 1s sized to collect up to

14 m3/min (500 cfm) with inlet pressures of =7.5 kPa (-30 in. Hy0) when

four of the functional connections are in use.

9.4,5 HOG fans and filters

The filters for the CHOG and OHOG systems are located in a section

of the filter pit which is separated from the SBHE filters by a concrete
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wall. The HOG section is shielded with 1.2 m (4 ft) of concrete with
stepped plugs over each cell, To facilitate decontamination, the inside
of the pit is painted with a protective coating which prevents radioac-
tive material from soaking into the concrete. The general arrangement
is shown in Figs. 9.4 and 9.5. Three filter compartments are used: one
for the CHOG system, one for the OHOG system, and a common stand-by for
use during filter changes. The filter sequence used in each compartment
consists of a fiberglass prefilter, a fiberglass-asbestos absolute
filter, a silver-coated copper mesh screen, two charcoal absorbers in
series, and a final absolute filter. All exposed metal is stainless
steel,

Changeover to the standby cell is accomplished by means of externally-
operated manual dampers, allowing the filters to be changed without
interrupting plant operation, in a manner similar to that described for
the SBHE system. Air from the HOG systems enters the filter pit through
two ducts, one for each system. These may be suitably dampered to permit
full flow during a filter change.

Each system is equipped with two fans, one of which islnormally
operating while the other is in standby. The outlet ducts from the
filters are split and suitably dampered to permit automatic fan change-
over. Four identical l4-m3/min (500-cfm) exhaust fans, driven by
7.5-hp squirrel cage induction motors, are provided for this service.
One fan from each system is connected to normal-emergency power system
No. 1 and the other is connected to normal-emergency power system No. 2.
Pressure controllers are used to detect malfuanctions of the normaily-
operating fan and to start the standby fan. The system switchover is
actuated automatically; but a fan, once started, must be manually shut
down. Gravity dampers prevent back flow through the inoperative unit,

Various system paraumeters are displayed in the control room.
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9.4.6 HOG instrumentation and control (see Fig. 9.6)

The instrumentation for the HOG system is quite similar to that uti-
lized by the SBHE (Section 7.1); however, static vacuum is monitonred
instead of flow. The fans are controlled exactly like those in the SBHE;
the CHOG instruments and controls are identical to the OHOG instruments
and controls.

The CHOG fans FN-3 and 4 and OHOG fans FN-5 and 6 are each provided
with an "On—-0ff-Standby™ switch on the panel board in the fan shed.
Normally, one fan is running while the other is on standby. Indicating
lights on the panel board in the control room indicate the condition of
each fan. The color code is identical with that for the SBHE fans.

Electropneumatic pressure transmitters in each duct transmit a signal
for display in the control room and provide alarm and standby fan startup
signals. A drop in the vacuum of either system, on the upstream side of
the filters [~11.9 kPa (-48 in. HZO) to —-10.7 kPa (-43 in. H,0)], will
cause an alarm in the control room. The loss of vacuum may be due to
either fan failure or filter plugging. Should it be due to fan failure,
a pressure svwitch located in the fan inlet downstream of the filters
will be affected by the vacuum loss and actuate a relay starting the
standby fan. An alarm is also given in the control room. The fan
vacuum is displayed at the fan shed and the "fan-ruanning” lights will
indicate, at the control room, which of the two conditions has occurred.

The pressure switches in the HOG systems are listed in Table 9.l.
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Table 9.1 HOG pressure switch tabulation

Normal vacuum Setpoint
Switch Duct kPa kPa Action
(in. H20) (in. HZO)

PS5-905-1 CHOG, inlet to filter -11.9 ~10.7 Alarm
(-48) (~-43)

PS-914-1 CHOG, inlet to fan -13.4 -10.2 Alarm, fan
(~54) (-41) start

PS-906~1 OHOG, inlet to filter -11.9 -10.7 Alarm
(-48) (-43)

P5-916-1 OHOG, inlet to fan ~13.4 -10.2 Alarm, fan
(-54) (-41) start

No other systems are affected by these low—vacuum alarm and fan-
start signals. Just as in the SBHE system, the switches aad relays are
designed to "fail safe" as a result of loss of control power or relay
circuit.

Fans FN-3 and -5, CHOG and OHOG respectively, are connected to
normal—emergency power system No. 2 via motor control center "H," and
CHOG fan FN-4 and OHOG fan FN-6 are connected to normal—-emergency power
system No. 1 via motor control center "G." As is the case of the SBHE
fans, the starting sequence of these motor-control centers 1is such that
both "G" and "H" are energized immediately after the normal-emergency

switchgear switches to the emergency position upon startup of the

diesel-generators.



9-25

9.4.7 Stack and stack monitoring

The HFIR stack is a free—-standing, reinfaorced-concrete stack lined
with acid-resistant brick. The connecting breeching to the exhaust
fans is constructed of carbon steel plate, and painted with corrosion-
resistant paint. The stack is 76.2 m (250 ft) in height with its
discharge orifice at elevarion 330.1 m (1085 ft). The inside diameter
of the discharge orifice is 1.5 m (5 ft). The inside diameter at the
entrance is 3.3 m (10 ft, 9 in.).

The stack provides for HFIR exhaust of 850 m>/min (30,000 cfm) and
has an additional capacity of 850 m3/min (30,000 cfm) to handle future
requirements. At full design load, the stack discharges 1,700 n3/min
(60,000 cfm) at 54°C (130°F)., Under these conditions, the discharge
velocity is approximately 15.5 m/s (3,050 ft/min). With only approxima-
tely 850 m3/m1n (30,000 cfm) HFIR load, the discharge velocity is 7.7 a/s
(1,525 ft/min). Provisions are made for sampling gas and weasuring flow
in the main ducts and in the stack itself. Radioactivity monitors, to
indicate coniinuously the amount of activity discharged to the atmosphere,
include both beta-gamma and alpha particulate monitors, a high level
activity monitor, an inert gas activity monitor, and an iodine activipy
monltor on the stack. A beta—-gamma particulate monitor is also located
in the HFIR duct.

An open shed-type structure near the base of the stack provides
weather protection for the fans, and a small eunclosure in this shed

houses the instrumentation.

9.5 Solid Waste Disposal

Standard ORNL practice 1s followed in the disposal of solid waste.

Nonradioactive solid waste is placed into dumpsters {3 m x 1.5m x 1.5 m
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(10 ft x 5 ft x 5 ft) covered metal containers]. The dumpsters are then
removed by speciai trucks. The waste is incinerated.

Low-level radioactive wastes are placed in special yellow-painted
dumpsters, generally after being sealed in plastic bags. They are then
removed by truck to the ORNL burlial ground. Wastes producing radiation
of less than 3 mr/h at the surface may be temporarily stored at the work
site in yellow-painted cans.

Special procedures are used to remove highly radioactive solid waste,
In some cases trucks with shielded cabs are used. For very high levels
of radiation, it may be necessary to cut up the radioactive component
under water and remove the pieces in lead casks. In the case of the
used SBHE and HOG filters, special shields are provided. The filters
can be drawn into these shields which are then removed by truck. In all
cases, final disposal is accomplished by burial using existing ORNL
equipment and facilities.
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10, ON-SITE UTILITIES

10.1 Potable Water System

10.1.1 References

Darawings:

1546-05-U-7112, Yard Piping Plans
-7113,
~7114, and
-7115
1546-05-U-7141 Flow Diagram, Fire and Potable Water

Singmaster and Brayer Specification:

69 Potable Water

10.1.2 1Introduction

The primary source of potable water to the reactor site is a 40.6-cm
(16;in.) main line that enters the area at a point east of the reactor
building. This line will deliver 10,598 1/min (2,800 gpm). It supplies
potable water to a fire loop which encircles the reactor building area
and from which all other systems are fed (Fig. 10.1). The main line is
fed from two 5675 m3 (1.5 million gal) capacity reservoirs located atop
a hill to the north and east of the reactor site. Elevation of the
reservolrs is sufficient to give the HFIR facility, after allowing for
pressure losses in the line, a potable water pressure of approximately
620 kPa (90 psi).

A second 40.6-cm (16-in,) main line enters the area from the west
and may be valved into the fire loop as an auxiliary source of potable
water whenever needed., This auxiliary line is also capable of dellv-—-
ering a flow of 10,598 1/min (2800 gpm). Under normal conditions it is
not used but 1s kept for emergency use only. The source of this supply
is the reservoir which 1s located just north of the ORNL X-10 area.
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10.1.3 Description of the gystem

Seven strategically located fire hydrants are supplied potable water
by the fire loop which encircles the reactor building. Six of the seven
hydrants are fed by 15.2-cm (6-in.) lines that serve each hydrant exclu~
sively. The seventh fire hydrant is fed by an 20.3-cm (8-in.) line
which also supplies water to two standpipes on the east side of the
reactor building. '

Two other 15.2—cm (6-in.) standpipe water lines and one 15.2-cm
(6-in.) sprinkler water line enter the reactor building from the fire
water loop. These standpipe water lines supply fire hoses at various
locations inside the buildéing. Sprinkler water, as well as all other
potable water used in the office and maintenance bullding, is taken from
the same fire loop.

Post indicator valves in the fire loop are located so that any part
or all of the system can be isolated from the 40.6-cm (16-~in.) main

lines.

10.1.4 Potable water metering

Potable water usage is metered in three places and measured at a

fourth.

1. Flow to the office and maintenance building is metered by
FQ-660 in the utility room of that building. Maximum flow is
530 1/min (140 gpm). Of this, 52 1/min (13.75 gpm) is the
maximum potable hot water need.

2. Flow to the electrical building is metered by FQ-661 in the
diesel—generator battery room. Maximum use is 76 1/min (20
gpm) with no hot water provided.

3. Potable water flow to the reactor building is not metered but
enters the building in room 103 of the first floor water wing.
Maximum designed usage is 3028 1/min (800 gpm).
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The potable water system supplies makeup to the process water
system in the cooling tower area (i.e., secondary coolant water
makeup and process water in the cooling tower equipment
building). Flow through this 20,.3-cm (8-in.) line 1s measured
at meter pit No. 1 by flow element FE-336 whch indicates volume
by measuring the differential pressure zcross an orifice. This
flow element is used to determine the required blowdown rate of

the secondary coolant system.

10.1.5 Uses of potable water

In addition to supplying fire hydrants and standpipes, potable water

is used to supply:

l.

Domestic sinks, drinking fountains, rest rooms, and personnel
showers in the office and maintenance building. These facili-
ties are fed through a 7.6—cm (3-in.) line which enters the
utility room on the east side of the building after branching
off the 40.6-cm (16-in.) main which enters the area from the
west.

Secondary coolant water makeup (process water), the cooling
tower sprinkling system, the chemical mixing and dispensing
system, the safety shower and eye bath facility near the
sulfuric acid storage tank, and a domestic sink in the cooling
tower equipment building. These systems are fed by an 20.3-cm
(8~in,) line which branches off the fire loop just east of the
fuel o0il storage tank and enters the cooling tower area just
west of the secondary coolant water pumps. From this line a
5.1-cu (2-in.) branch enters the cooling tower equipment
building. The 20.3-cm (8-in.) line continues out of the ground
and enters the flume where it discharges makeup water to the

secondary cooling water system.
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3. An acid-proof sink and a safety shower in the battery room of
the electrical building. These facilities are fed by a 3.8-cm
(1 1/2~in,) line which branches off the fire loop just west of
the fuel oil storage tank and enters the building under the
battery room.

4, A safety shower and eye bath near the acid and caustic storage
tanks on the north side of the reactor building. A 2.54-cm
(1-in.) line branches off the 20.3-ecm (8-in.) portion of the
fire loop just a few feet northwest of the nitric acid storage
tank to supply the facility.

5. Process water makeup in the reactor building, a safety shower
and eye bath near the nitric acid and caustic day tanks, emer-—
gency cooling for instrument air compressors C-1A, C-1B, and
C-1C, cooling for the pressurizer pumps' magnetic couplings,
and domestic sinks, rest rooms, personnel showers, and drinking
fountains in the reactor bulilding. These are all fed by a
15.2~-cm (6-in.) line which branches off the north side of tae
fire loop and enters the reactor building in the north-east

corner of the water wing.

10,2 Process Water System

10.2.1 References

Drawings:

1546-05-U-7114 Yard Piping

1546-05-U-7141 Flow Diagram, Fire and Potable Water
1546-05-U-7147 Flow Diagram, Chemical Treatment
1546-05-M-5535 Flow Diagram, Process Water System

1546-05-1-4007 Instrument Application, Process Water System
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Singmaster and Breyer Specification:

68 Process Water

10.2.2 1Introduction

The process water system is separated from the potable water system
by backflow preventers or by air breaks. Since potable water is used
for human consumption, there must be assurance that there can be no
backflow or mixing of potentially contaminated process water in the
potable water system. This separation is accomplished by an air break

at the cooling tower basin and backflow preventers elsewhere.

10.2.3 Descriptiocoun of the system

Reactor building area. Potable water for the reactor bullding is

taken from the fire loop on the north side of the building and branches
in one direction to the domestic water system and in the other direction
to the backflow preventers of the process water system.

Two parallel backflow preventers, SP-Ql-5 and SP-01-6, are used to
separate the reactor building process water system from the potable
water system. These backflow preventers are sized so that elther is
capable of supplying the process water needs of the building. This
allows them to be removed from service, one at a time for testing,
without interrupting building service.

Cooling tower area. Makeup water to the secondary coolant water

system is supplied by a branch line off the potabhle water fire loop.
Flow of makeup water to the cooling tower pump flume is controlled by
level—control valve LCV-335, The effluent eand of the makeup water line
is at an elevation of 248.7 m (816 ft) while the basin water level is
kept at 248.4 m (815 ft). This leaves an air gap of 30.5 cm (1l ft)

between the process water in the basin.
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A 5.1-cm (l1-in.) line branches off the cooling tower makeup line and
enters the cooling tower equipment building near the west end to supply
water to the chemical mixing and dispensing system as well as to the
safety shower and eye—-bath facility.

1. Sulfuric-acid mixer

This solution is mixed continuously by acid mixer AM-1 and
is fed into the secondary coolant system. A backflow preventer,
SP-05-1, is located in the potable water inlet line to make the
separation between the two water systems. The flow of approxi-
mately 189 1/min (50 gpm) through the mixer is metered by a tee-
orifice flow element, FE-320, and is controlled by a manually-—
operated valve.

ILW pumping pit area. Process water from the reactor building area

is used at the ILW pumping pit to flush the pumps and the pump pit and
to fill the sump at the bottom of the pit. A backflow preventer,
SP-05-3, is utilized in the process water line to prevent the con-

taminated water of the ILW system from entering the process water line.

10.3 Plant Demineralized Water System

10.3.1 References

Drawings:

1546-01-M-5334 Flow Diagram, Demineralized Water Supply
1546-01-M~5502 Flow Diagram, Plant Demineralizer
1546-01-M-5501 Flow Diagram, Demineralized Water
Singmaster and Breyer Specifications:

51 Plant Demineralizer Equipment

55 Plant Demineralized Water Storage Tank

65 Plant Demineralized Water System



10-8

10.3.2 Description of system (Fig. 10.2)

Demineralized water is required at the HFIR complex for various
applications. Some of these are: (1) makeup water to the pool coolant
system, (2) makeup water to the primary coolant system, and (3) rege-
neration of process demineralizers. To ensure an adequate supply for
these various uses, demineralized water is made from process water at a
relatively slow rate 38 to 341 1/min (10 to 90 gpm) and is stored in an
a.uminum storage tank. Two demineralized-water pumps draw water from
this tank and pressurize the building demineralized water header. The
various systems which utilize demineralized water draw from this header

as required.

10.3.3 Description of equipment

Plant demineralizer, The plant demineralizer is a package monobed

unit which includes its own 1.8~m3/min (64—-scfm) blower, for mixing the
resin, and control instrumentation for semiautomatic operation. The ion
exchange vessel 1is fabricated of carbon steel, lined with an 0.2-cm
(0.080-in.) thick coating of unplasticized polyvinyl chloride. It con-—
tains 0.37 m> (13 ft3) of Rohm and Haas IR 120 cation resin and 0.7 m3
(25 ft3) of IRA 402 anion resin. This volume of resin was designed

to demineralize 170,000 1 (45,000 gal) of process water between regen-—
erations and produce effluent water with a resistivity of 1.5 x

10% ohm-cm. The flow rate can be varied between 38 and 340 1/m (10 and
90 gpm) with no appreciable change in effluent water quality. The unit
shuts itself down automatically when effluent water quality drops below
a preset level, and annunciates the shutdown in the control room.
Regeneration is manually initiated with a pushbutton and proceeds auto-
matically to completion., Return of the unit "on stream" after regenera-

tion is also manually initiated.
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Demineralized-water storage tank. Demineralized water produced by

the monobed unit is stored in a 75,700-1 (20,000-gal) aluminum water-—
storage tank, DT-4, located above ground just outside the northeast
corner of the reactor building. A level signal is transmitted from this
tank to an indicator on the process panel board in the control room.
High— and low-level alarms are annunciated in the control room. A
single 5.l-cm (2-in.) line carries the effluent of the monobed unit to
both the storage tank and the demineralized water pumps. Thercfore, the
storage tank "floats” on the line receiving water when more is being
produced by the demineralizer than is required by the system and supply-
ing water to the pumps when more is being demanded by the systen than is
being produced. A flow-control valve on the outlet of the monobed unit
is controlled by a level transmitter at the storage tank. This mode of
control tends to hold the water level in the storage tank constaat and
to vary the flow through the demine "alizer as the system demand changes,

Demineralized water pumps. The two pumps, 01-415-PU-18A and -18B,

which pressurize the building demineralized-water system are centrifugal
type with their wetted parts made of stainless steel. They will pump
380 1/m (100 gpm) each against a 27.5-m (90-ft) head with a maximum
shut—-off pressure of 338 kPa (49 psig). Power is supplied by 3.7-kW (5-
hp), 3500-rpm, 440-V, 3-phase motors. A spring return "Start~Neutral—
Stop” selector switch and a running light for each motor is located on
the process panel in the control room. A "Stcp” button is located at
each pump. €Either or both pumps can be run continuously. The motors
are connected to the normal-power supply and must be restarted manually
after a power outage. Annunciator 4E-4 alarms on low demineralized

water pressure.
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10.4 Chilled Water System

10.4.1 References

Drawings:

1546-01-H&V~-3003 Steam and Water Flow Diagrams
1546-01-H&V-3010 Mechanical Equipment
Singmaster and Breyer Specifications:

72 Hot and Chilled Water Distribution

100 Heating, Ventilating, and Air Conditioning

10.4.2 Introduction (Fig. 10.3)

The chilled water system refrigerates and distributes a maximum of
3153 1/m (833 gpm) of 4.5°C (40°F) chilled water to the reactor building
air conditioning system. The system consists of a packaged chilled
water unit with 136 kW (386 toms) cooling capacity, t«o chilled water

pumps, a chemical feeder, an expansion tank, and associated plumbing.

10.4.3 Chiller unit

The package chiller unit consists of the following components:

1. Motor—-compressor assembly, a two-stage centrifugal compressor
driven by a 274-kW (367-hp) motor.

Located in the compressor base is a 45-1 (12-gal) oil
reservolr with a submerged 376-W (1/2-hp) motor and gear pump,
oll heater, water type cooler, pressure regulator, shutdown
switch, bearing thermometer, reservoir thermometer, oil
pressure gauge, oil level sight-glass, and oil filter. A por-
tion of the vaporized refrigerant is taken from the main stream
at the economizer unit and sent through the electrically insu-
lated motor windings to supply cooling for the motor. Low
bearing-lubrication-oil pressure or high bearing and motor

winding temperature causes the unit to shut itself down.
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Condenser

Refrigerant vapor is compressed and sent to the condenser
where, in its heated state, it comes into contact with the con—~
denser coolant water tubes (secondary coolant water). The
cooling water absorbs the excess heat and removes it to the
secondary coolant tower, After the vapor is cooled, it conden-
ses into liquid and flows by gravity into the economizer,
Economizer

The liquid refrigerant from the condenser enters the eco-
nomizer chamber and {lows through two float valves en route to
the cooler. Betweean th2 float valves there is a gas passage
connection through the motor windings to the suction of the
second stage impeller of the compressor, The greater portion
of the liquid refrigerant flows to the cooler where it vapori-
zes due to the lower pressure,
Cooler

The cooler unit consists of a shell and tube heat exchanger
where the water being chilled makes two passes through the
tubes before being circulated throughout the air conditioning
system., Freon gas, after condensing into a liquid in the con-
denser, flows into the cooler and covers the tubes containing
the chilled water. Here, the freon expands and absorbs heat
from the water. After the freon changes from llquid to the
gaseous state, it is compressed by the compressor and sent to
the condenser as a vapor.
Control system

The chiller compressor motor is controlled by a single

local momentary "start—stop” pushbutton with green and red
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lights to indicate when the motor is running or stopped. The
chiller is automatically shut down by the following safety

features: (Red lights on the local console indicate the cause

of the shutdown.)

a. condenser pressure high;

b. bearing or motor winding temperature high;
C. refrigerant temperature low;

d. loss of chilled water flow, oil pump not running, or loss
of condenser water flow;

e. oil pressure low; or

f. chilled water temperature low,

If the chiller is stopped by a safety action, other than low
chilled water temperature, the start button must be pushed to
restart the motor., If the chiller stops because of low chilled
water temperature, it will automatically restart a¢ soon as the
temperature increases above the cut—out setpoint. A timer is
also provided which limits the number of motor starts to approx-
imately three per hour.

A fixed resistor is connected to the current transformer
circuit to provide a signal voltage for overcurrent protection
for the motor. This output signal voltage is applied to a
separate control circuit which prevents motor overcurrent by
decreasing the compressor loading.

The chiller must be restarted manually with the local

"start-stop” control switch after an outage of normal power.

10.4.4 Chilled water pumps, PU-~1 and PU-2

The 3153-1/m (833-gpm) capacity chilled water pumps are the horizon-
tal, split case, centrifugal type. They are controlled by a local
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selector switch marked "PU-1-off-PU-2." Normally, only one pump is in
operation while the other is in standby. When either pump is selected,
the control circuit is energized and the pump will start upon demand for
chilled water. The pump motors are conuected to the normal-power system
through motor control center "A" and will restart automatically after a
power outage, if required by the chilled water thermostat. Energlzing
the pump motor control circuit also actuates an electro—pneumatic relay,
to permit control air to operate the various pneumatic-control-system

components.

10.4.5 Expansion tank

The expansion tank is provided with a pressure safety valve which is
to operate at 207 kPa (30 psi). In the event the system becomes pressur-
ized greater than this amount, the¢ valve opens and allows the excess
water to drain into the process waste system. The tank is located

overhead, above the chilled water pumps.

10,5 Acid and Caustic

10.5.1 References

Drawings:

1546-05-U~7147 Flow Diagram, Chemical Treatment
1546-01-M-5501 Engineering Flow Diagram
Singmaster and Breyer Specifications:

45 Nitric Acid Storage Tank and Day Tank

47 Caustic Storage Tank and Day Tank

52 Acid Pump

53 Caustic Pump

78 Nitric Acid Storage and Distribution

91 Caustic Storage and Distribution
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10.5.2 Nitric acid storage and distribution (Fig. 10.4)

Nitric acid of 667 concentration is received by truck and stored ian
a 56,775-1 (1,500-gal) stainless steel tank (AT-7) located above ground
on the north side of the reactor building. Vent and overflow line,
5614, drains into a limestone-filled drain to the process waste disposal
systen. The tank can be drained and flushed out to the process waste
system through line 5615. Acid level inside the tank is indicated by
sightglass LI-462.

The concentrated acid flows by gravity through line 5600 to the
4542-1 (1200-gal) nitric acid day tank (AT-4) located on the ground
floor of the reactor building. Here process water from line 1828 is
mixed with the concentrated acid to dilute it to a 5% solution. Pump
PU-15 is used both to mix the solution (through line 5605) and to pump
the solution to the primary demineralizer and filter system, the plant

demineralizer, and the pool coolant demineralizer and filter system.

10,5,3 Caustic storage and distribution

Concentrated caustic (50%) is received by truck and stored in a
7570-1 (2000-gal) tank (CAT-8) located above ground on the north side of
the reactor building. Tl tank is insulated and steam heated to prevent
the caustic from solidifying. Temperature control valve TCV-444
controls the temperature of the tank at 54°C (130°F). All lines asso-
ciated with the tank have steam tracing and connections for steam clean-
out. An overflow and vent line 6014 opens into a limestone filled drain
to the process waste system line 5615 allows the tank to be drained and
steamed out into the process waste system. Caustic level inside the
tank is indicated by sightglass LI-461.

Line 6000 allows caustic to flow by gravity from the storage tank
into the caustic day tank (CAT-5) located on the ground floor of the
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reactor building. Process water from line 01-1829 is mixed with the
concentrated caustic in the day tank to dilute it to a 5% solution.
Pump PU-16 is used both to mix and circulate the 5% solution in the day
tank and to transfer the solution to the pool demineralizer and cleanup
filter system, the primary coolant demineralizer and cleanup filter
systems, the plant demineralizer, and the ILW receiving tank. The day
tank is also steam heated and kept at a constant temperature by tem—
perature control valve TCV--445. Venting is to the atmosphere.
Sightglass LI-442 indicates the caustic level inside the tank. An

overflow line empties into the process waste system,

10.5.4 Sulfuric acid storage and distribution (Fig. 10.6)

Concentrated sulfuric acid (93%) is received by truck and stored in
a 18,925-1 (5,000-gal) stainless steel tank (AT-1) located above ground
near the cooling tower equipment building.

The acid is used to maintain the secondary coolant water pH at a
constant value. It flows from the storage tank by gravity through line
5802 to the two parallel acid metering pumps, PU-1A and -1B. Normally,
only one metering pump is in operation while the other is on standby.
From here it is sent to acid mixer, AM-1, where it is diluted with pro-
cess water from line 2208. Backflow preventer SP-05-1 prevents acid
from entering the potable water system. After diluticn, the acld flows

into the cooling tower basin through line 7100,

10.6 Steanm

10.6.1 References

Drawings:
1546-05-U-7101, -7102 Utility Plans
1546-05-U-7140 Steam Flow Diagram
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1546-01-H&V-3017 Steam Service Piping

1546-02-H&V-3042 Office and Maintenance Building Steam Flow
Diagram

1546-01-H&V-3003 Reactor Building Steam Flow Diagram

Singmaster and Breyer Specifications:

73 Steam Distribution and Steam Tracing System

10.6.2 Introduction (Fig. 10.7)

Steam is furnished to the HFIR facility from the ORNL steam plant.

A 15.25-cm (6-in.) high-pressure steam line, 1.724 MPa (250 psig), enters
the area from the north and continues along the east fence to a point
east of the reactor building. Here, a 10-cm (4-in.) line, controlled by
valve V-3004, goes west to the north side of the reactor building. It
enters room G-l in the reactor building at approximately the 252-m
(827-ft) level. 1In room G-1, the pressure is reduced and the steam is
metered before belng distributed throughout the area. The flow pattern
through this section is as follows:

1. Steam enters the pressure reducing station where the pressure
is lowered to 862 kPa gage (125 psig) by two parallel pressure
control valves. Any condensate is bypassed to a flash tank and
the storm drain,

2. Downstream from the reducing station the steam is metered by a ,
stainless steel diaphragm—type meter, R-1. After being metered
the 862-kPa gage (125-psig) steam is channeled into two
systems, the process steam system and the plant steam heating

system.

10.6.3 Process steam system

The 7.6-cm (3-in.) process stezm main furnishes a maximum of 1815
kg/h (4000 1b/h) of 862 kPa gage (125 psig) steam to the process equip-—

ment as follows:
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1. A 7.6-cm (3-in.) line which can supply a maximum of 1406 kg/h
(3100 1b/h) to the elevator sump pit ejector and the process
waste drainage sump ejectcrs, The elevator sump pit is emptied
by manually valving steam to ejector EJ~5. Process waste is
jetted from the process waste sump by ejectors EJ-4 and EJ-5
which are piped in parallel. They are activated by level
control valve LCV-710A when the level of waste in the sump
reaches an elevation of 230 m (788 ft).

2. A 5.1-cm (2-in.) line which can supply a maximum of 295 kg/h
(650 1b/h) of 862 kPa gage (125 psig) steam to the following
equipment:

a. 113 kg/h (250 1b/h) to the pool deaerator high and low
vacuum ejectors, EJ-3 and EJ-4 respectively. The two
ejectors can be automatically cut off by LSV-476 (see
Section 6.4.2).

b. Pool cleanup filters intermittent use.

C. Pool demineralizer filter, intermittent use.

d. The primary deaerator high vacuum and low-vacuum ejectors,
EJ~1 and EJ-2, respectively, use 113 kg/h (250 1b/h).
These ejectors can be automatically cut off by LSV-204,

3. Steam 1s supplied to the primary cleanup system filters through
a 2.5-cm (1-in.) line for intermittent use.

4. A maximum of 45 kg/h (100 1b/h) of steam is supplied to the
caustic day tank, CAT-5. The temperature of the caustic is
controlled by TCV-445.

10.6.4 Plant steam heating system

Steam for the heating systems 1s sent in two directions, to the

office and maintenance building which uses a maximum of 635 kg/h (1400
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1b/h), and to the reactor building, electrical building, and the cooling
tower equipment building which, combined, use a maximum of 3220 kg/h
(7100 1b/n).

Reactor building and adjacent areas. In room G~1 just downstream

from the metering equipment, the 862—-kPa gage (125-psig) steam is reduced
to 103 kPa gage (15 psig) by two parallel reducing valves for the heating
system, 1In the reactor building, 2989 kg/h (659C 1b/h) is available for
heating and ventilating and 73 kg/h (160 1b/h) is used by the domestic
hot water heaters.

Leaving the reactor building at the southeast corner, a 6.35-cm
(2 1/2-in,) line supplies a maximum of 159 kg/h (350 1b/h) to the
electrical building where 113 kg/h (250 1b/h) is used for space heating
and 45 kg/h (100 1b/h) is sent on to the cooling tower equipment
building for use in space heating and steam tracing.

The caustic storage tank, CAT-8, is heated by steam to keep the
caustic from solidifying. The tank also has a steamout connection and
steam tracing lines for freeze protection to its instrumentation.

Office and maintenance building. From room G-1 in the reactor
building a line furnishes a maximum of 635 kg/h (1400 1lb/h) of 862-kPa
gage (125-psig) steam to the office and maintenance building. This line

enters the building via a pit below the northeast corner of the utility
room. In the utility room, the 862-kPa gage (125-psig) steam pressure
is reduced to 103 kPa gage (15 psig) by two pressure reducers installed
in series. The 103-kPa gage (15-psig) steam 1s then used indirectly by
the building heating and ventilating system.
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10.7 Instrument Air System

10.7.1 References

Drawings:

1546—-05-U~7146 Instrument Air Flow Diagram
1546-01-M-5513 Piping Drawings

RC11-8-2 Air Flow Diagram

P-20977-EC-22, 006, 007 Piping Arrangement
Singmaster and Breyer Specifications 54 and 79

10.7.2 1Introduction (Figs. 10.8 and 10.9)

Compressed air for instrument usage is produced by two 11-5-m3/min
(405-cfm) compressors and one 3.8~m3/min (135~cfm) compressor, any one
of which is sufficient for normal usage. A smaller emergency compressor
can supply 0.6 m3/min (20 cfm) to the pneumatically operated servo system
in the event of failure of the normal system. The normal air system
compressors draw building air through their inlet filters, compress it,
and then discharge it through their aftercoolers and molsture separators
into the two air receivers. The two parallel air receivers supply air
through prefilters, air dryers, and afterfilters to the air distribution
system.

The emergency air compressor is located on the first floor near the
south wall of the water wing of the reactor building. Normal air system
compressors are located on the ground floor at the west end of the water

wing.

10.7.3 Control system

The operating compressor, usually C-lA, or C-1B, runs continuously
either at full load or at no load. It is automatically loaded when
the air receiver pressure drops to 414 kPa gage (60 psig) and unloaded
when the air receiver pressure reaches 483 kPa gage (70 psig). This
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compressor is supplied power from the normal power system and will not

run during a normal power outage. The compressor has, however, a standby-

start feature whereby it starts automatically when the receiver pressure

drops to 365 kPa gage (53 psig).

Other control features of C-lA compressor are as follows:

a.

An oil-pressure switch which shuts down the compressor when the
01l pump discharge pressure drops to 103 kPa gage (15 psig). A
time-delay relay prevents operation of this feature when start-
ing the compressor. This switch also operates the rumming light
located in the main control room.

A water—flow switch which shuts down the compressor upon loss of
cooling water flow to the compressor cylinder head. A time-delay
relay also prevents operation of this feature when starting the
compressor.

A compressor main-bearing-temperature switch shuts the com—
pressor down when the bearing temperature reaches 71°C (160°F).
A temperature switch shuts the compressor down when the com-
pressor output air temperature reaches 232°C (450°F).

Pressure switch PS-65la initiates an alarm in the control room
and starts the standby compressor when the air receiver pressure
drops to 365 kPa gage (53 psig).

A "Standby-0ff-Start” selector switch is located in the main
control room to select its operating mode. The local "Off-Auto”
switch allows a local stop feature.

Indicating lights in the main control room indicate "off,"

“standby,” and “"running” conditions.
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h. Two pressure indicators are located in the main control room to

give "normal™ and "emergency"” air system pressure indications.

i. A temperature switch located in the main header downstream of

the aftercoolers actuates an alarm in the main control room if
the air temperature exceeds 43°C (110°F).

Air compressors C-1B and C-1C, usually on standby, operate in exactly
the same manner as C-1A with the exception that C-1B is supplied power
from the No., 2 Normal-Emergency System and C-1C is supplied power from
the No. 1 Normal-Emergency System.

A moisture detector, AmI-627, located on the main distribution header,
measures moisture content of the output air. It in effect measures the

efficiency of the alr dryers and moisture separators.

10,7.4 Emergency operation

Air compressor C-1A is operated from the normal power system through
MCC "A." In the event of a fallure of normal power, the compressor will
stop and will not restart until normal power service is restored.

Air compressor C-1B is operated from the No. 2 normal-emergency power
distribution system through the 225-amp west bus duct in the experiment
room. In the event of a failure of normal power, the compressor will
start 30 s after the No. 2 diesel generator assumes the load if the
receiver air pressure has dropped to 365 kPa gage (53 psig).

Compressor C—-1C operated from the No. 1 normal-emergency power dis-
tribution system through MCC "E.” In the event of a failure of normal
power, the compressor will start 30 s after the No. 1 diesel generator
assumes the load if the receiver air pressure has dropped to 365 kPa
gage (53 psig).

If the air pressure at the three air receivers which supply the

servo systems drops to 296 kPa (43 psig), the emergency alr compressor
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C-3 will start. This compressor loads at 414 kPa gage (60 psig) and
unloads at 483 kPa gage (70 psig). It is operated from the No. 2 normal-
emergency power distribution system through the 225-amp west bus duct in
the experiment room. In the event of a failure of normal power, the
compressor will start 30 s after the No. 2 diesel generator assumes the
load if the servo system air pressure has dropped to 296 kPa gage (43
psig).

Pressure switches PS-654, —655, and —-656 actuate alarms on panels B,
C, and D, respectively, in the main control room should the pressure in

the three servo systems air receivers drop to 221 kPa gage (32 psig).

10.8 Electrical System

10.8.1 References

Drawings:

1546—-05~E-2001 Electrical Key Plans

1546—-04~E-2002 Normal Power—13.8-kV 2.4-kV Distribution

1546-01~E-2003 480-V Normal Power——Substation No. 1, Reactor
Building

1546-~01-E~-2004 480~V Normal Power——Substation No. 2, Reactor
Building

1546—-04—E~2005 480-V Normal Power——Substation No. 3, Electrical
Building

1546-04-E~2006 480~V Normal Power——Substation No. 4, Electrical
Building

1546—-04—-E~2007 Normal-Emergency System No. 1 and Fail-Free
System

1546-04—-E~2008 Normal-Emergency System No. 2

1546-01-E~2009 Instrument Power
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10.8.2 Description of systems (Fig. 10.10)

All electrical loads with the HFIR complex are served by one, or
more, of four power systems as determined by the nature and importance
of the load. These four power systems are:

1. normal system,

2, norual—-emergency system,

3. fail-free system, and

4, instrument—power system.

To ensure a high degree of service reliability the HFIR is supplied
by two 13.8-kV, 3-phase, 60-cycle aerial feeders from the main ORNL
154-13.8-kV substation. Cne feeder is the preferred supply circuit, the
second feeder is an emergency alternate, These two feeders supply the

normal-power system. An automatic swtiching station transfers the load

from the preferred to the alternate feeder in case of power interruption
on the preferred feeder. 1In the event of a normal-power failure, i.e.,
a failure in both distribution circuits to the HFIR, the loads served

by the normal-power system are dropped or transferred to the normal-
emergency system,

The normal-emergency system serves essentilal loads in the event of a

normal-power system failure. During such a failure, these essential
loads are automatically transferred to standby diesel-generator units.

An ultra-reliable system, designated as the fail-free system, is
provided for certain critical loads which, if they were to be dropped,
might caunse serious hazard to personnel or result in serious damage to
equipment. This system includes storage batteries and battery chargers
in parallel with the normal-emergency supply circuit to provide power
should the diesels fail to start.
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Separate circuits designated as instrument-power systems are used to

supply the reactor and experiment instrumentation. These systems serve

sensitive electronic circuits and are kept free of voltage and frequency

disturbarnces.

Power is supplied by the normal supply system through trans-—

formers with electrostatically shielded secondary windings. Precautions

have been taken to ensure adequate electromagnetic shielding of the entire

instrument—-power system.

10.8.3 Description of equipment

Normal-power system.

1. 13,8-kV switching station

The HFIR is supplied by two 13.8-kV feeders, one a normal

supply and the other an emergency alternate. Both feeders are

brought to a 13.8-kV switching station in the HFIR electrical

building. This station consists of an indoor, completely

enclosed, metal-clad assembly which contains:

8e

b.

Two 13.8-kV drawout, electrically operated, air circuit
breakers, one for each incoming line, with associated
relaying, metering, and control equipment. The breakers
are rated at 1200 A continucusly, 500-MVA interrupting
capacity, 95-kV basic impulse level, The breakers have dc
trip coils. Each breaker is provided with an ammeter and
ammeter switch, voltmeter and voltmeter switch and
suitable relays. Relays include 2-phase overcurrent
relays and a ground relay. A single watt-hour meter with
a demand attachment is provided to measure the HFIR load.
Control equipment for the automatic transfer scheme.

Six, 600-A, manually-operated, fused interrupter switches.
Five of the interrupter switches serve load center substa-

tions. One interrupter switch serves the ianstrument-power
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transformers. The switches are operable from outside the

switch cubicle and are provided with quick-make, quick-—

break mechanisms, so designed that the speed of opening or
closing is independent of the operating motion. The
switches are capable of closing against a full short cir-
cuit and have a basic impulse level of 95-kV.

d. Provisions for future addition of two fused-interrupter
switches.

The HFIR load is normally carried by the “"preferred”
13.8-kV feeder circuit. In the event of a sustained under-—
voltage or a loss of voltage on the preferred feeder, the load
is automatically transferred to the alterntate feeder after a
delay of approximately 2 s, if voltage is available on it, If
voltage is lost on both feeders, no transfer takes place.
Return to the preferred feeder, after a transfer to the alter-
nate feeder, is a manual operation., A dead-bus transfer is
effected by operation of the circuit breaker control switches,
A live—bus transfer, in which bkoth breakers are momentarily
closed, can be effected with the live bus transfer switch.

This three—position switch is marked “"Transfer from HFIR
Circuit No. 3--Normal--Transfer from Circuit No. 3 to HFIR
Circuit™ and is spring loaded to return to "Normal.” When held
in the "Transfer from Circuit No. 3 to HFIR Circuit” position
the preferred breaker will close (paralleling both circuits
momentarily) and is followed by an immediate trip out of the
alternate breaker. Operation in the other position 1s similar
except that the circuits are reversed., A two-position selector

switch marked "HFIR Circuit-~-Circuit No. 3" is mounted on the
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electrical control panel. This switch permits either of the
two feeders to be selected as the preferred feeder. The pre-
ceding description is for the selector switch in the "HFIR
Circuit” position. In the "Circuit No. 3" position, autonmatic
transfer takes place from circuit No. 3 to the HFIR circuit for
undervoltage on Circuit No. 3. TInterlocks are provided to pre-
vent any circuit transfer when undervoltage is accompanied by
overcurrent, This prevents a transfer due to undervoltage
caused by a fault within the HFIR.
13.8-kV distribution

Power from the 13.8-kV switchgear is supplied to seven
transformers. One of the transformers supplies 2400-V power,
four supply 460-V power, and two supply 120/240-V instrument
power. Three of the 13.8-kV--460-V tranformers and the
13.8-kV---2400~V transformer are located outside the west wall
of the electrical building. The other 13,8-kV-~460-V trans-
former is located outside the north wall of the main reactor
building. Instrument transformers are located inside the
electrical building. The outside transformers are mounted on
concrete pads which include a curb for oil containment. Fire
walls are installed between adjacent units where required.
Connections between the 13.8-kV switchgear and the transformers
are made with 3-coaductor, paper—insulated, lead-covered,
neoprene-jacketed cables, run in underground concrete encased
conduit,
a. 13.8-kV-=-460-V unit

A complete voltage reduction unit consists of an oil-

filled transformer suitable for outdoor service with an
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integral oil-filled discounect switch, a 460-V indoor
metal-clad switchgear lineup, and a metal—enclosed bus
duct between the transformer and switchgear. The trans-
formers are rated at 13,800-V wye-—-460-V delta, 1000 kVA,
55°C rise, self-cooled, with provision for the addition of
fans which can increase the rating to 1250 kVA, 3 phase,
60 cycles. The transformers have 13.8-kV pot-heads for
underground, paper—insulated, lead-covered cable entrance.
The 460-V switchgear consists of manually operated main
and feeder breakers in three vertical stacks.. Power dis-
tribution is 460~V delta ungrounded, with ground detection
monitoring lights. Switchgear instrument~tion consists of
a voltmeter and an ammeter with their respective switches.
13.8-kV—-2400~V unit

The unit consists of an oil-filled transformer for out-
door use and an indoor lineup of high-voltage, fused, motor
starters, a main transformer-secondary breaker, and a feeder
breaker. The transformer is rated at 13,800-V wye-—2400-V
delta, 5,000 kVA self-cooled, 6,667 kVA forced air cooled,
3 phase, 60 cycles. The 2,400~V ungrounded delta system
is converted into a resistance grounded system by a zig-zag
grounding transformer and grounding resistor. The zig-zag
transformer is connected to the spare 2400-V feeder breaker
in the lineup. A 2400-V resistance grounded system has the
following advantages aver an ungrounded or solidly grounded

system:!
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(a) freedom from transient overvoltages which occur on
ungrounded system,

(b) simple relaying of ground faults, and

(¢) a reduction in damage from fault current in any
single phase—to-ground fault. This is essential
because the 2400-V system serves all the large,
expensive motors.

3. Electrical building (Fig. 10.11)

A separate electrical building, located just southeast of
the main reactor building, houses the 13.8-kV switchgear, the
2400-V switchgear, the 460-V switchgear, the two diesel-—
generators and the normal-emergency switchgear. This central-
ization of major electrical components simplifies operation and
maintenance.

Normal-emergency power system. Power for essential equipment and

emergency lighting can be provided by either the normal power supply or
the emergency diesel-generators. The swithgear, generators, and associ-
ated equipment required to effect transfers between the two power sources
are called the normal-emergency power system. Two indepeﬁdent diesel-
generators increase the reliability of the emergency power supply.

Power supply to critical equipment, which already has an installed spare,
is split between the two generators to protect against failure of one of
the diesels to start. All normal-emergency circuits are supplied from
the normal emergency switchgear located in the electrical building.

This switchgear is normally supplied by a 460-V feeder from a load
center transformer, but, in the event of a supply failure, the load is

automatically transferred to the diesel-generators.
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Sequence of operation (Figs. 10.12 and 10.13)

In normal operation both normal-smergency switchgear No. 1

and No. 2 are energized from the HFIR primary feeder. The

diesel—generators are not running, but their maia breakers are

closed.

In the event of a sustained normal-power supply

failure of approximately 2-s duratiom, auxiliary contacts in

the automatic transfer switches start the diesels as follows:

Qe

The normal-emergency system No, 1 will:

(1)

(2

(3

(4)

energize the diesel engine startup relay to crank the
engine,

trip all of the circuit breakers in the normal-
energency switchgear No. 1 except the feeder breaker
to MCC "G,"

apply a trip impulse to the diesel test loading cir-
cuit breaker, and

crank the diesel in the following cranking cycle--—
"erank for 15 s-—wait for 15 s——-crank 15 s~-wait for

15 s~—crank for 15 s~-stop."”

The normal-emergency system No. 2 will:

(1)

(2)

de~energize the solenoid coils to cpen the valves
supplying air to the air motor [Two parallel valves
are provided so that opening either one will permit
sufficient air flow to start the diesel.],

trip all circuit breakers in normal-emergency switch-

gear No. 2, except the feeder breaker to MCC “H,"
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(3) apply a trip impulse to the diesel test loading cir-
cuit breaker, and

(4) allow compressed air to flow from the reservoir to
the air motor until either the supply of air has been
exhausted or the diesel starts.

When the diesel-generator is delivering approximately 90% of
its rated voltage, the automatic transfer switch transfers to
the emergency position, thereby transferring the first block of
load onto the diesel-generator, Two auxiliary contacts which
close when the transfer switch is in the emergency position are
located in switchgear No. 1 for starting the auxiliary pressur-
izer pump motor, PU-11, and the slow speed winding of the
auxiliary secondary water pump motor, PU-l4. A timer in each
normal-emergency switchgear controls the closing of the remain-
ing 460-V breakers. The breakers close in sequence so that the
load is added to the generator in sultable increments.

A test load, which consists of the reactor building
lighting system, can be added to the diesel-generators. This
loads the generators to approximately 307% of their rated load
for maintenance and test purposes without interrupting the
normal-emergency distribution system, The test circuit is
designed so that either of the generators can be connected to
the reactor building lighting load. 1In the event of a normal-
power failure during the testing operation, the test load is
automatically disconnected from the generator. Interlocks per-

mit the test load to be connected to only one generator at a

time.
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Diesel—-generator units

Qe

Diesel engines
The diesel engines are four cycle, turbo-charged,
aftercooled, and designed for operation on No. 2 fuel oil.
Each engine is capable of driving its generator with 350-kW
generator output continuously and 400-kW generator output
on an intermittent basis for a period of two hours. Engine
cooling is provided by a water cooled radiator, circulating
system, and fan. A jacket water heater and thermostat
maintain cooling water temperature at 38°C (100°F) when
the unit is not in service. Two methods of starting the
engines are employed to add starting reliabilivy.
The starting and fuel o0il supply systems are as
follows:
(1) Unit No. 1
Diesel-engine No. 1 is supplied with two 32-V dc
starting motors, omne on each side of the diesel. An
electrically operated contactor to carry the high dc
breakaway current is mounted near each motor. The
motors are suitable for operation over a range from
20—~ to 36—V dc. A 24—cell nickel cadmium battery
system supplies power for the starting motors. A
constant voltage battery charger, with silicon rec-
tifying elements, keeps the batteries fully charged.
(2) Unit No, 2
Diesel-engine No, 2 is equipped with an air-
motor starter, complete with a drive assembly,

silencer, pressure regulator, and vapor arrestor,
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The air motor is designed for operation over a range
of 621 kPa to 1,034 MPa (90 to 150 psi). The presure
regulator reduces the inlet pressure from a maximum
of 1.724 MPa (250 psi) to 0.621 to 1.034 MPa (90~100
psi) at the alir-motor inlet. Am air receiver is pro-
vided with sufficient capacity for five alr starts of
approximately 5-s duration each. The air receiver is
provided with a drain cock, a pressure gauge, and pres-
sure switches for automatically starting and stopping
the air compressor.

The air compressor charges the air recelver tank.
The compressor will pressurize the air recelver to
1.724 MPa (250 psi) within 30 min, starting with
atmospheric pressure in the air receiver. A safety
valve is set at 2,068 MPa (300 psi) to protect the
pressure system.,

Fuel oil storage (Fig. 10.14)

The fuel oil supply system for the emergency
diesel generators includes a 15,140~1 (4,000~gal)
fuel oil storage tank, individual 227-1 (60-gal) day
tank for each unit and associated pumps and piping
required for oil transfers. The 14,140-1 (4,000-gal)
supply tank is located underground immediately south
of the electrical building. O0il is pumped from the
supply tank to the day tanks by either cf two 277-1/h
(60-gph) pumps located at the day tanks in the
electrical building. Fuel oil feeds from the day

tanks to the diesel engines by gravity. The transfer
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pumps are powered by the normal-emergency system.

They are automatically started and stopped by level

controls on the day tanks. The pumps, day tanks, and

diesels are interconnected with piping to provide a

positive supply of fuel oil to both engines in the

event of failure of one pump.
Generators

The generators are each rated at 350 kW, 0.8 power
factor, 437-kVA, 6-pole, 1200-rpm, 60-cycle, 3-phase wye
with the midpoint of the wye ungrounded. They are capable
of supplying 110% of their rated load for two hours without
injurious overheating. Each generator unit contains an
integrally mounted static exciter, regulator, and control
panel which provide a steady—-state voltage regulation of
+ 2% of the rated voltage. The excitation system consists
of a static exciter and static voltage regulator mounted
on the generator. The excitation system self-excites the
alternator from the output of the generator via a saturable
core reactor and full wave rectifier circuit.

Voltage regulation is obtained by sensing the three-
phase output voltages, comparing them with a constant refer-
ence voltage and then applying the error signal to the
saturable reactor to correct the generator output voltage.
A current—-forcing circuit forces the field in order to
minimize voltage dips on low power factor load swings.

Generator field rectifiers are the low loss silicon type.
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Autcmatic—transfer switches
The automatic—~transfer switches are 3 pole, rated 480 V,

600 A, mechanically held for operation on 3-phase, 3-wire,

p—cycle normal and emergency sources. Load circuits are trans-

ferred to the diesel—-generators when any phase voltage of the
normal power source drops below 707% of normal for a sustained
period of approximately 2-s. Load transfer does not occur until
the emergency generator is producing at least 907% of its rated
vaoltage (a frequency relay is used to control the load trausfer).
Upon restoration of the normal-power supply for approximately
one minute, the transfer switch returns the load to the normal
source. The transfer switches are the double—-throw type oper-
ated by a single coil mechanism momentarily energized. Each
switch is interlocked mechanically and electrically. Operating
current for transfer is obtained from the same source as that

to which the load is to be transferred. Switch design and

construction does not permit a neutral position even if the

transfer coil fails. The switch is positively locked mechani-
cally in either position. Each transfer switch is provided
with the following accessories and devices:

a. A key—-operated test switch, to simulate a normal source
voltage failure, mounted on the front panel of the transfer
switch,

b. Two red indicating lights on the front panel to indicate
the position of the transfer switch (normal position--
emergency position). The lights are operated by auxiliary
contacts which operate in synchronism with the main power

contacts of the transfer switch.
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C. Eight auxiliary contacts for starting the diesel engines
and tripping the test and normal-emergency circuit
breakers on loss of normal power. Contacts close after a
2-s delay period.

d. Two auxiliary contacts for starting emergency pumps when
the automatic transfer switch is in the emergency
position.

Automatic transfer switch for diesel-generator test loading

circuit. The test loading automatic transfer switch is 3 pole,

600-V, 300 A, mechanically held for operation on 3—-phase,

3-wire, 480~V, 60-cycle normal and emergency sources. The

diesel—generator is connected to the "normal"” terminals of the
switch via its test breaker and the normal-power supply to the

"emergency” terminals. In normal operation the diesel-—

generator test breaker is open and the transfer switch is in

its "emergency” position. When it is desired to load the
diesel, the generator is put into operation and the test
breaker closed, thereby energizing the “"normal" terminals of
the transfer switch and causing it to throw over. The switch
transfers its load from normal to emergency and from emergency
to normal upon a loss of voltage (single—phase detection only)
wihtout time delay. The transfer switch is a double-throw
switch operated by a momentarily energized single coil mecha-
nism. The switch is interlocked mechanically and electrically,

Operating current for transfer is obtained from the same source

as that to which the load is being transferred. The transfer

switch is provided with the following accessories:

a. test switch to simulate a normal voltage failure, and
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b. two red indicating lights on the front panel to inlicate
the position of the transfer switch (Normal position——
Emergency position).

Fail—-free systems. An ultra-reliable uninterrupted power supply is

required for certain critical loads in the HFIR complex. Continuous

power is required to these circuits to protect the reactor and personnel

from harm. Uninterrupted power supplies are provided by battery banks

which are continuously charged by the normal-emergency power system.

The batteries provide limited, but adequate, power for safely shutting

the reactor down in the event of a complete failure of the normal and

normal-emergency supply systems. The fail-free systems are:

1. Pony-motor drive system
A positive coolant flow must be maintained throaugh the

reactor core after shutdown to remove afterheat. The function
of the pony motors is to provide sufficient coolant flow to
remove this afterheat in the event of a normal-power failure
(the circulating pump main drive motors are too large to be
supplied by the normal-emergency system). Emergency coolant
flow is obtained by the dc pony motors which are directly
coupled to the main pump drive motors. The pony motors are
energized whenever the reactor is in operation. Each pony
motor 1s supplied from a battery bank and battery charger in
parallel. Each battery bank provides 125-V (nominal) power
from 92-cell, nickel cadmium alkaline pocket plate type batter-—
ies. Battery chargers are conctant voltage type with silicon
diodes rated to supply 50 A continuously at 129 V dc. They are
slzed to carry the full load current of the dc motors plus suf-
ficient capacity to completely recha: se the storage batteries
in approximately 12 h. The pony-motor batteries, battery
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chargers, and metering equipment are located in battery room
G-13 on the 249-4 {817-£ft) level of the reactor building.
Instrument dc system

The shielded trausformer for general reactor instrumen-—
tation loads also supplies three separate dc instrument buses.
Each instrument bus is also supplied by two 32~V battery banks
in series with a center tap to form a 3-wire, 32/64-V system
with individual battery chargers serving each bank. The bat-
teries act to smooth the voltage during transient disturbances
on the ac line. Three sets of batteries are provided to be
consistent with the "two out of three coincidence” circuit phi-
losophy. The battery bank for each bus is a 64-V (nominal)
center tapped, 48-cell nickel cadmium alkal?ne pocket plate
type. Each of the six battery chargers is‘z constant voltage
type with silicon diodes rated to supply 50 A continuously at
32 V ac.
Switchgear, ac system

An independent power supply system is required at the
electrical building to operate the normal-emergency and 13.8-kV
switchgear closing and tripping breakers, diesel—generator No.
2 control circuits and certain reactor control circuits during
a normal-power failure. These transfer switches and control
circuits must function during a normal-power failure, so they
are powered by a battery bank which is floated on the line by a
battery charger. The battery bank supplies 125 V (nominal)
from 92 nickel cadmium alkaline pocket plate cells in sealed
plastic containers. The battery charger is a constant voltage

type with silicon diodes which can supply 12 A continuously at
129 v.
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Instrument-power system (Fig. 10.15). Instrument power is obtained

from the 13.8-kV switching station through a fused interrvuptor switch.
The 13.8-kV feeder supplies two 13.8-kV-120/240-V single-phase transfor-
mers. One transformer supplies the nuclear reactor instrumentation loads
and plate control drive mechanisws. The secoud transformer supplies
instrument power for experiment loads. In the event of a 13.8-kV or
instrument-power traansformer failure, the instrument-power load is auto-
matically transferred to the normal—-emergency bus by automatic-transfer
switches and feeds through auxiliary 460--120/240-V transformers.
Return to the instrument-powexr transformer is automatic upon
restoration of normal power for a period of one minute.
1. Instrument-power transformers
The main instrument power transformers are each rated at
50 kVA, 13.8 kv——120/240 V, single phase, 60 cycles.
Transformer secondary windings are electrostatically shielded
from the primary by means of a copper shield. They are filled
with non—-flammable liquid and have 95-kV basic impulse level
with two 2 1/2% full capacity taps above and below normal on
the primary winding. Auxiliary iastrument power transformers
are rated at 50 kVA, 460--120/240 Vv, single phase, 60 cycles.
The standby transformers are of standard non—shielded design.
2, Automatic~transfer switches
The autometic~transfer switches are 3 pole, 600 ¥V, 300 A,
mechanically held for operation on single-phase, 3-~wire,
120/240-V, 60-cycle normal and emergency sources. Load cir-
cuits are transferred to the emergency source when phase

voltage of the normal source drops below 70% for a sustained
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period of approximately one minute, the transfer switch automa-
tically returns the load to the normal source. The transfer
switch is a double-throw switch operated by a momentarily
energized single coil mechanism. The switch is interlocked
mechanically and electrically. Operating current for transfer
is obtained from the same source as that to which the load is
being transferred. Gach transfer switch is provided with the
following accessories:

a. a test switch to simulate normal source voltage failure;
and

b. two red indicating lights wmounted on the front panel to
indicate transfer switch posiﬁion (normal position-—
emergency position). The lights are operated by auxiliary
contacts which operate in synchronism with the main power
contacts of the transfer switch and are supplied from its
load side.

10.8.4 Normal-power outage

The HFIR is designed to operate at a reduced power level during a
normal-power failure, Two 13,8-kV aerial feeders supply normal power to
the HFIR complex. A failure in one feeder between the ORNL 13.8-kV
switching station and the HFIR does not constitute a power failure since
automatic transfer switches are capable of transferring the load to the
remaining circuit. Therefore, a normal-power outage must occur at or
beyond the ORNL switching station to affect the HFIR. If such a failure
occurs while the reactor is at power, the various systems respond as
follows:

Reactor control system. The reactor servo control system tries

to maintain power level consistent with flow. During steady-state
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operation, Lne power level is requested by the operator. If the main
circulating pumps stop, as will be the case during a power failure, the
primary coolant flow will be reduced to approximately 10% of its normal
value., This 10% flow will be maintained by battery—driven pony motors,
As the primary coolant flow coasts down from 100 to 10%, the servo
control system will reduce reactor power to the value allowed by the
flow rate. Therefore, if the reactor were originally at full power or
100 MW, the power would be automatically reduced to 10 MW following a
normal-power outage. All reactor control circuits, shim—plate magnets,
and other instruments operate on battery supplied dc power so they are
not affected immediately by an ac power outage. Operation of the four
outer shim plates and inner shim cylinder main drive depends upon ac
motors so iIf the power outage persists more than a few minutes and the
No. 1 diesel-generator does not start, the reactor will be shut down by
xenon poisoning when the regulating cylinder reaches the end of its
servo—controlled stroke.

Primary coolant loop. The primary circulating pump motors operate on

2400 V ac. They will stop during a normal-power outage. Small battery-—
driven pony motors are connected to the shafts of the primary motors.
Pony motors are energized and are trying to turn the circulating pumps
whenever the reactor is at power. When the ac motors stop, the pump
speed decreases until the pony motors are able to carry the load. At
this reduced speed the pumping rate is reduced to about 10%Z of the full
speed value. The battery-supplied pony motors are able to maintain this
pumping rate for several hours. When the No. 1 diesel-generator starts,
the pony motors will operate indefinitely because the battery chargers
are supplied with this emergency power. In the event No. 1 diesel-
generator fails, the battery charger load may be manually connected to

the No. 2 diesel-generator.
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Pressure must be maintained in the primary coolant loop. Loss of ac
power stops the main pressurizer pumps; and, even though analog studies
of the response of the pressure regulators and letdown valves indicate
that the valves will close East enough to prevent loss of pressure on a
power failure, leakage from the high pressure system could be a problem.
When the No. 1 diesel-generator starts, power is supplied to a 125 1/min
(33 gpm) auxiliary pressurizer pump. This pump maintains system pressure,
provided leaks do not exceed the capacity of the pump. If primary coolant
loop pressure falls below 4.123 MPa (600 psi), the reactor will scram.

Secondary coolant loop. The large cooling tower circulating pump

motors and fan motors will stop upon loss of ac power. Cooling water
will be supplied to the primary heat exchangers when the No. 1 diesel-
generator starts, When this emergency generator starts, it will supply
power to the emergency secondary water pump circulating approximately
11,355 1/min (3,000 gpm) (about 10% of the normal rate) through the sec-
ondary coolant system. However, the water is drawn from the front and
returned to the back side of the tower basin. It is not passed over the
tower and is not cooled. The large tower basin reservoir holds about
1,514,000 1 (400,000 gal) of cool water, enough for sustained reactor
operation at 10 MW,

Emergency—power supply. There are two independent emergency diesel-

generators which should start upon loss of normal-power to the HFIR
complex. These two generators feed two separate emergency distribution
systems. The No. 1 diesel-generator supplies all the critical loads. A
few systems which have duplicate components, such as the stack exhaust
fans and instrument air compressors, are supplied from both diesel

generators. Operation of the reactor during a normal-power failure is
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dependent upon the No. 1 diesel-generator starting. The No. 2 diesel-
generator provides back-up power for the building containment,

Building exhaust system. Three exhaust fans are normally operating

at the fan shed when the reactor is at power. These are one SBHE
blower, one OHOG blower, and one CHOG blower. These three fans have
identical standby units which start automatically upon failure of the
operating unit. The normal-emergency power distribution systems are
arranged so that one group of these fans is supplied by diesel-generator
No. 1 during a normal-power outage and the other group is supplied by
diesel-generator No. 2. This ensures building ventilation and off-gas
during an ac failure if either diesel—generator starts.

Primary cleanup system. Since the main pressurizer pumps do not

operate during a normal-power outage, a large volume of high pressure
water will not be let down to the cleanup loop. The cleanup loop cir-
culation pumps are also inoperative, therefore, the loop 1is automati-
cally shut down. The deaerator vessel provides sufficient volume to
store possible valve leakage and other minor sources of primary water
until normal power is restored.

Pool coolant and cleanup systems., Neither the pool coolant pumps

nor the pool cleanup loop pumps are supplied with emergency power.
Therefore, both of these loops are inoperative during a normal-power
€ailure, It should be noted that the pool water temperature will
increase during this period. If the power outage persists for as long
as three days, it may be necessary to institute purge and f£ill opera-
tions since the pool water temperature might approach 82-93°C
(180-200°F). The maximum temperature reached after a coolant circula-
tion failure 1is dependent upon the inventory of spent fuel elements
stored in the pool, but under the worst conditions should not exceed
93°C (200°F).
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Instrument—air system. Instrument air is essential for reactor

operation. Various critical components, such »#s5 computers in the reac~-
tor control system, air operated flow control valves, and transmitters
for building containment monitors depend on instrument air. Therefore,
there are four instrument air compressors to ensure a continuous supply.
Two of the three main compressors are on different emergency rower cir-
cuits so that instrument air will be available if either diesel-
generator starts. A small emergency air compressor is also connected to
the No. 2 diesel-generator. This will supply a minimum amount of air if
the main compressors become inoperable.

Sewage treatment plant. The various blowers, pumps, and comminutor

of the sewage treatment plant are supplied with power by the No. 1
normal—emergency system. Operation during a normal-power outage is
dependent upon operation of the No. 1 diesel—-generator.

Potable and process water. Potable water is furnished to the HFIR

area from an elevated reservoir. Therefore, its supply is independent
of electrical power for a limited period of time. The reservoir, which
holds approximately 11.36 x 107 1 (3,000,000 gal) is large enough to
permit operation for an extended time.

Process water is supplied to the area from the potable water system
through backflow preventers and is available as long as potable water is
available,

10.9 Communications Systems

10.9.1 References

Drawings:
1546005-E-2085 Block Diagram, Tantercom System
Singmaster and Breyer Specifications:

107 Electrical Work, Intercom System
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10.9.2 1Intercom system

The intercom system provides a convenient method of communication
between persons in different areas of the HFIR site. The system con-
sists of a master station, staff stations, and all required amplifiers,
power supplies, and connecting wires.

Master stations. The master unit is designed to selectively origi-

nate calls to other staff stations by depressing the proper buttons.

It may also receive a call from any staff station which has its talk
button depressed regardless of the staff station selected on the master.
One of two speakers may be selected by a toggle switch on the reactor
console, One is contained in the master unit and the other is mounted
on the console. Electrical power is supplied from normal-emergency
system No. 1.

Staff station. The staff stations are designed to reply to the

master staion but are capable of originating calls to the master sta-
tion. Each staff station has a volume control and a "Talk-Listen" but-
ton. Certain staff stations, which are located in noisy areas, are

surrounded by a sound barrier to make listening easier.

Number Locaticns of staff stations

4 Auxiliary control room, west end

5 Reactor bay, poolside northwest

6 Reactor bay, north

7 Reactor bay, poolside east

8 Reactor bay, poolside southwest

9 Experiment area, southwest

10-1 Experiment area, monitoring platform
10-2 Experiment area, north



Number
11
12
13
14
15
16
17
18-1
18-2
19-1
19-2
19-3
20
21-1
21-2
22
23
24
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Locations of staff stations
First floor, room 103-D

First floor, water wing

Beam room, south

Beam room, north

Ground floor, water wing
Ground floor, pipe corridor
Subpile room

Electrical building

Pony motor battery room
Cooling tower equipment building
Top of cooling tower
Water softener building
Fan shed

Counting room

Rod drive staff shop
Health Physics room
Truck air lock entrance

Auxiliary control room, east

10.9.3 Sound—-powered telephone system

The sound-powered phone system consists of two, 2-conductor cables

(eircuit A and circuit B), plug—in jacks, and telephones. The system is

provided for emergency communication and for use in high-noise areas or

infrequent-usage

Main control
Main control

Main control

areas not appropriate for the intercom system,

Locations of sound-powered phone jacks

room

room

rYoom

column B-5
column C-3

at reactor console
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Auxiliary control room
Auxiliary coatrol room
Auxiliary control room
Auxiliary control room
Reactor bay

Reactor bay

Reactor bay

Reactor bay

Experiment area
Experiment area
Experiment area

Experiment area

Heat-exchanger cells

First floor water wing

First floor water wing

Electrical equipment room (room 102)
H & V equipment room

Cooling tower equipment building
Cooling tower equipment buillding
Electrical building

Electrical equipment room (room G-12)
Subpile room

Beam room

Beam room

Ground floor water wing

Ground floor water wing

Staff shop

Fan shed

Ground floor pipe corridor

column B-4
column C-4
column D-9
column C-3
column C-7
column E-5
column F-8
column D-8
column F-8
column D-9
column B-7

monitoring platform
(2 locations)

one in each of four cells
column D—4

column E-3

column D-2

column B-3

chemical treatment room
electrical equipment room
main room

column G-9

column C-9
column B-6
column B-2
column E-2

column B-~3
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10.9.4 Dial phones

Dial phones are provided in the offices and at such experiment sta-—
tions as may be needed. The control-room phone has an unlisted number
to keep the phone free of unneccessary calls. On night shifts and

weekends, calls to the HFIR offices are transferred to the reactor

control room.

10.9.5 Public-address system

Public-address system microphones are located in the main control
room, and in the office and maintenance building. Public-address system
speakers are located in each of the major areas inside the buildings in
addition to several outside the buildings which adequately cover the
immediate HFIR area.

Two amplifiers are used for the system——-one is on standby; the other
is in operation. The two amplifiers are supplied power from separate
normal—-emergency systems.

Locations of public-address speakers

Area Location Number of Speakers
Subpile room 1
Ground floor 11
First floor 20
Second floor 14

Third floor

Fan shed and stack

Outside northeast corner of reactor building
Outside west side of reactor building
Outside south side of reactor building
Electrical building

[ R N T i RN

Cooling tower
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Area location Number of Speakers
Cooling tower equipment building 1

Qutside north side of office and maintenance
building 1
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11. RADIATION SAFETY AND CONTROL

11.1 Introduction

It is the policy of the Operations Division, Reactor Operations

Section to:

1.

Carry out all operations with as low as reasounably achievable
exposure to radiation and coutamination. In no case shall
internal and external exposures exceed the recommendations of
the Federal Research Council and the National Committee on
Radiztion Protection.

Perform all work in such a manner that losses resulting from
contaminatin are minimized. Such losses may include research,
development, and production time; facility and/or equipment
abandonment; and the cost of cleaning up contamination.
Maintain environmental coutamination of a level as low as

reasounably achievable consistent with sound operating practice.

11.2 Responsibilities

Since, according to Laboratory policy, the primary responsibility

for radiation safety rests on the Division supervision, Health Physics

and Industrial Safety functions must be regarded as purely advisory.

Though Industrial Safety and Applied Health Physics personnel are alert

to radiation hazards and do report them, they do not assume the primary

responsibility which is assigned to the Division. Ouly the Division is

assumed to be familiar enough with its own operations to evaluate the

hazards involved; however, Industrial Safety and Applied Health Physics

personnel's advice on radiation and contamination control is sought when

deemed necessary. It is therefore the responsibility of supervision to:
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l. see that all areas are surveyed for radiation as required,
2. establish appropriate boundaries and portals for zoned areas,

3. assist Health Physics and Industrial Safety in the posting of
zone signs with up-to-date instructions,

be provide suitable clothing change stations for personnel working
in contamination zones, with provision for starage of personal
effects if needed,

5. provide a supply of required contamination zone clothing and
equipment, and

6. establish eating places as required and in accordance with
Health Physics and Industrial Safety specifications.

Health Physics and Industrial Safety provides personnel monitoring,
building and area surveys, exposure and survey records, consultation,

and other services as required.

11.3 Exposure Limits

The permissible occupational dose for an individual is that dose,
accumulated over a long period of time or resulting from a single expo-

sure, which carries a negligible probability of severe somatic or gene-

tic injuries.,

11.3.1 Maximum permissible dose—-normal conditions

The values indicated in the following tables (Tables 11.1, 11,2,
and 11.3) are maximum values and only in exceptional cases should the

accumulated RBE dose be permitted to exceed 10% of the values given.
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Table 11.1. Maximum permissible dose (MPD) in rems

MPD age
Organ MPD per year proration total
(N = present age)

Total body, head and trunk, lens
of eyes, gonads, or blood-forming

organs 5 5(n-18)
Skin of whole body, thyroid 30 30(N-18)
Hands and forearms, feet and ankles 75 75(N—-18)
Bone 30/n* (30/n)(N~18)*
Other single organs 15 15(N-18)

*#This N is referred to as the "relative damage factor.” It is one

for radium isotopes and for gamma radiation, otherwise it is set equal
to five for all radionuclides in bone.

Table 11.2, Weekly maximum exposure limits recommendations

Weekly maximum recommended limit*

Organs (external)
Total body, head and trunk, lens
of eyes, gonads or blood-forming
organs 100 mrems
Skin of the whole body 600 mrems
Hands and forearms, feet and ankles 1500 mrems

*Laboratory-wide standards.
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Table 11.3. Approval required for exposure to high dose rates

Dose rate Special approvals required
raage Area Division Health Physics Deputy
(rem/h) Director Division Director Laboratory Director
5-20 X
20-50 X X
Qver 50 X X X

The Reactor Operations Section limits are 50 mrem/week on whole body
doses, to fully insure compliance with Laboratory standards with the
other limits correspondingly cut in half.

In addition, when planned doses exceed the weekly limits, the

following approvals are required:

Authorized dose accumulation
(Total body) Special approvals required

>60 mrem per single day to non-

operating personnel, and/or >300 Division Director in charge
mrem per single week to operating of individual
personnel

Division Director in charge
>l rem per single exposure of individual and Deputy
Laboratory Director.
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11.3.2 Maximum permissible dose——emergency conditions

The emergency conditions which justify the maximum permissible dose
are:
1. when another person's life may be saved,

2. when large-scale releases of radioactive material (dust, gas or
liquid) that may endanger other peoples' lives or health may be
averted, and

3. when considerable damage to a facility may be averted.

It is obvious that, if sufficient time exists, the Health Physicist
should be consulted and an acceptable technique for a planned dose
should be followed.

The Laboratory acceptable emergency dose to persons regularly

sustaining measurable exposures is 10 rem. For all others, it is 25 rem.

11.4 Zoning Requirements

11.4.1 Radiation zone

A radiation zone is an area where control measures are established

to prevent or minimize external radiation exposure (Table 11.4),

11.4.2 Contamination zone

A contamination zone is an area where control measures are
established to prevent or minimize intermnal radiation exposure and the
spread of the radioactive contamwinant.

A contamination zone should be established when one or more of the

values shown in Table 11.5 is exceeded.

11.4.3 Regulated zome

A regulated zone is an area where operations are restricted in order
to control contamination. Thls zone may contain radiation zones, con-
tamination zones, or both, ranging in size from a small spot to a large

area.
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Table 11.4. Regulations for posting and establishing radiation zomes

Dose-rate range

(rems/h) Immediate action Follow—up action
2.5 mrem/h to Post low-level tag if the Periodic review
5.75 mrem/h accumulated daily dose to
personnel may be 20 mrem

6 mrem/h to Post warning signs or tags Rope off the area if the

1 rem/h accumulated weekly dose
may be 1 rem

1 rem/h to 3 Post warning signs or tags. Erect a barricade which

rem/h Rope of area provides absolute exclu-
sion of personnel if the
accumulated weekly dose
in the area may be 12
rems. Lock or block the
entrance

>3 rem/h Post a guard until a tem~

porary barricade has been
erected. Lock and/or block
entries

Table 11.5. Regulations for posting and establishing
contamination zones

Type of Air Direct reading Transferrable
razgation contamination surface surface contamination
(uc/ee) contamination (d/m/100 cmz)
Alpha* 2 x 10-12 300 d/m/100 cm? 30
Beta—Gamma 3 x 10~10 0.25 mrad/h 1000

*The alpha surface contamination levels are maximum values and are
derived primarily to serve as a guide where the contamination Involves a
small area such as a single room or cell. When the contamination is
extensive and involves radionuclides such as plutonium or some other
long-lived emitter of comparable toxicity, the alpha levels permitted
should average no more than 1/10 of the above values.
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11.4.4 General entry requirements

Radiation zones, Operating personnel doing routine jobs should

always carry their film badges, pocket pencil meters and personal
radiation monitors. Other items such as Health Physics surveys, moni-
toring instruments, and direct-reading dosimeters may be required.

Contamination zones. In addition to film badges, pocket pencil

meters, and personal radiation monitors, operating personnel should wear
"C" clothing (coveralls or lab coats), gloves, and shoe covers. Other
items which may be necessary are:

cap,

assault mask, for air coatamination,

survey instruments,

paper towels or smear papers,

direct-reading dosimeters,

Health Physics survey, and

constant alr monitor.

In situations where gross contamination is known or may be expected,
two pairs of coveralls should be worn; the outer pair should be removed
immediately upon leaving the "C" zone to prevent spreading the con-~
tamination. In all cases, persons and equipuwent leaving a "C" zone must
be monitored at the exit of the zone for contamiantion to prevent the
spread of radiocactive materials into places where people norually take
no protective precautions.

Regulated zone. Persons entering the regulated zone from a con-

tamiation zone must be monitored for contamination.
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11.5 Radiation Work Permits

The Radiation Work Permit (Example 1l1.1) is used in situations where
personnel may be exposed to radiation or contamination in excess of cer-—
tain limits. Operating personnel assigned to a particular process may
not need a Radiation Work Permit for routine work where there are posted
regulations. The Radiation Work Permit is required as follows:

1. for non—operating personnel,

2, where specified by other procedures or special situations,

3. when an individual may receive greater than 20 mrems, whole
body dose,

4, when radiation fields exceed 5 rems per hour, and

5. when air contamination exceeds the maximum permissible
concentration.

The Radiation Work Permit specifies the precautions and monitoring
required, and provides a record of the necessary approvals and doses
accumulated in doing the work. The Radiation Work Permit form is
completed only by a qualified Health Physicist after a survey 1s made.
The permit must b4 signed by the Health Physicist making the survey, by
the craft foreman in charge of the job, and by a member of the Reactor
Opertions Supervision, usually the shift supervisor. Radiation Work
Permits expire at the end of eight hours but may be extended for an

additional eight hours by the Health Physicist.

11.6 Safety Work Permit

A Safety Work Permit (Example 11.2) is required where service per-—
sonnel are exposed to environmental hazards arising out of work in an
area, or on equipment, or with materials of which they do not have
complete knowledge, and over which they do not exercise complete

control. Situations requiring permits, but not limited to these are:



OATE AND TIME EXTENDED B8Y

RADIATION WORK PERMIT (RWP) |, o a o

IDRKR.PER§IT7N6. 8 6

M
M

LOCATION & JOB DESCAIPTION

RADIATION SURVEY DATA (To be filled in by Health Physics)

Loc. SPECIFIC LOCATION AND
COOE DISTANCE FROM SOURCE

TYPE OF WORKING TIME FOR CONTAMINATION

RADIATION SURVEY

RADIATION mrem/hr. mrem TYPL

MEASUREMENT [0 4

DATE AND TIME

INSTRUCTIONS®

HEALTH PHYSICS MONITORING REQUIRED:

(] starToOF JoB [J INTERMITTENT

(] conTinuous

(] ewnoor sos

R R I B i PROTECTIVE EQUIPAENT AND WONITORING WOTRUNENTS
T o RALLS TO GLOVES AND MONITOR BREATHING ZONE cap R SMOE COVERS POCKET METERS
CHECK TOOLS AT END OF JOB NASAL SMEAR REQUIRED CANVAS HOOD e C-ZONE SHOES DOSIMETER
CHECK PERSONNEL AT END OF JOB BIOASSAY SAMPLE REQUIRED SAFETY GLASSES CANVAS RUBBERS FILM RING
TIMEKEEPING REQUIRED Oy R - CQUIRED EYE SHIELD LEATHER russer BooTs | | DOSERATE
REmanes HALF MASK 2| sURGEON'S BOOTEES DOSE ALARM
ASSAULT MASK 2| pLasTic LAB COAT CUTIE PIE
cremoxmask | | ol canvas | | merer | |ovswerER
AIR-LINE HOOD MO hagHoLD
AIR-LINE 5U1T
REGULAR APPROVALS SPECIAL APPROVALS
MEALTH PHYSICH CERTIFICATION DIVISION DIRLCTON
SeERTIT oo ST SRS
A *Only items checked (V) apply. ovem | PEFLTY LAY omkeTOR

Example 11.1. Radiation Work Permit

U. 8. GOVERNMENT PRINTIHG OFFICED 1H0—T0-318

6-TT
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SAFETY WORK PERMIT

1SSUED TO. ¢ w1t oafoietenemrear o {n'n?,-lv ST T T ey 1T T T TSR Sepen wpunta
i
O S (U R S,
GOOD FOR DATE AND TIME SPECIFIED
FaoM, loars aer iy ‘; N e e e ‘}]D:ﬁ-.u i N
. R Y S

CTEOCBIPTION OF aOHF

THE FOLLOWING PREPARATIONS HAVE BEEN COMPLETED IN CONRECTION WiTH THIS WORK

. . I, Noes nt | Does Hot
GENERAL PREPARATION X Tes Aoty i PROTEC TTVE EQUIPMENT Yes Aup!
+
1. Valves closed, tagged and locted 1 1. Protective Enur-ent Requited
[ B T S e e — e
2. Pipehes under piessure J CHECK OR SPECIFY EQUIPMENT REQUIRED
e e e e 7”“{“ T T T T T T TR B cSRTRIDGT BF L ANISTFA BEGL RED
3. Pipelines deatned and depressutizad | HALF MASK
4. Pipelings blanked , N FULL FACE \MASK
GV VU U SO T TS e e i e e e e
1 FRESH AIR MASH
5. Pressure vessels checkhed and cleaned ; £ S
6. Pipelines and wnuipment buigen ' : IMPLRMEABLE SUITS MONOGOGGLES
B LU SRS
7. Machinery and equipment safe for wor= to proceed } J‘ GLOVFS APRONS
1
8. Otner {specify! ‘ i OTHER (SPECIFY:
1
— ! —_—
b . SPLLVA  vraTii AC1od REG 1 81D
1
1
Dose Not | ¥ oTweR
FIRE PREVENTION Yeos
Appiv
T
1. Explosive almospnete test tequtted ELECTRICAL Yes DOAM le
: iply
2. Nonspatking tools tequited
e e b d 1L WO s DeIng done Dy nonelectncal personnel
3. welding and o1 butming tequired {Signature of Flectneat Supervisor Required)
IF WELDING AND 'OR BURNING IS REQUIRED THE 2. Crieants nave been de-energized
FOLLOWING PROVISIONS HAVE BEEN MET: € VHONTS RAve een GeenergRizec
i e
4. Area personally inspected 3, Electiica! tags and 'ocx-tuts |
ng fl 2 seehit clean ang wet
5. Sutrounding floot area swerl « 1l Dogs ot
down, 11 necessaty . INDUSTRIAL HYGICNE Yes Apply
6. All combustible matersals removed to a safe
{ncationor protected with flame p1oot covers 1. Cherucal stress ‘texic or corrastve chemicals to
7. Ample lite protection egutpment at hand: | beused or released!
extinguishers, water patlsLhnse lines, etc. e 2. Physical stiess (noise, heat, laser, ultia-violet
8. tAonitor appdInted |8 otner physicatl agems)
NOTE: if yes 15 checked in etther 1 o1 2, Ind. Hygiene Person Contacted
9. Observer appotnted, 1f necessaty st be cntacted

| have personally 1asce~ted «itm and crrt 1y that the wark gteg +gs heen propetly cleared lor ~ork and thot conditions gre safe for the work indicated, Thes

Satety Work Permit s thriefara apcroind fer the clacs of wcb inficotea. 1Copy of Work Permit 10 be posted at wark site,)

SUPERVISOR REQUESTING WORK TProNE . FORLCMANGIN-CHARGE PHONE
- " Endol§h ow H
{_] WORK HAS NOT BEEN COMPLETED DUE TO: ;= St (. WORK HAS BEEN COMPLETED
{_, Other Reasons (specify)
AM
This permit surrendered at PM Stgned Badge

PO RENALNCCHARGE

At Start of Work  Orrginal and copy to the Foreman-in.charge. On Complenon of #ortk P & E, 1 & C, erc. will send the orginal and copy to the Divisian Safery
Officer of the Faoremana-in.charge's Devision. Foremanwun-charga’s Divisran Sofrry Oflicer will rasoin the onginol for his division file, forword the copy to the

Industrial Hygiane Deparment, and prepare xerox copies for distribution to operating supervisar, Safety Department, ond 1o the Fire Depantment when ppropncie,

UCHNe36944
[E] 1+761

Example 11.2. Safety Work Permit



11-11

1. any welding or burning operation,
2. where ignition of flammable gases or liquids is possible,

3. where release of toxic, corrosive, or highly reactive chemicals
is possible,

4, work to be performed in the presence of mechanical or physical
hazards such as moving machinery, dangerous heights, high
pressures, etc., and

5, any change in status of equipment, facilities, or system which
would create additional hazards or eliminate any safeguards
against hazards.

Safety Work Permit forms must be completed by the craft foreman and
signed by that foreman and by a member of the Reactor Operations Section

supervision.,

11.7 Health Physics Instrumentation

Each member of the operating group of the Reactor Operations Section
should be able to monitor for each type of radiation and radioactive
contamination using all the common instruments.

The following tables (Tables 11.5, 11.6, 11.7, and 11.8) list the
more commonly used instruments at ORNL and the pertinent data about

each.



Table 1l.6.

Personnel monitoring fnstruments (portable)

Radiation

Instrument Detector detected Range Application Remarks
1, Film meter Film, Au, In, 7,8 0.1-10,000 rad Permanent record of dose of Film—dens{ty dependence on
(badge) S, silver Ng, Nep each type of mixed radiation. photon energy circumvented
phosphate Au and In activated by neu- by filters. Orientation of
glass, and troas from criticality acci- film during exposure a problem
chemical dent
dosimeter
2, Pocket lonization Y to 100 + 5 mr, Measutrement of day-to-day Relatively energy independent
Chamber chamber to 200 + 10 ar gamma exposure for y, Read by minometer
(indirect (air)
reading)
Victoreen
type
3. Packet Ionizat{on L% to 200 mr; Visual check on gamma and, Positton of electrometer filber
Chamber chamber Nen (when available with when modified, thermal neu- read through magnifyfing lens
(Direct {atr) coated with  higher ranges tron exposure
reading) boron en-
riched in
BlO)
4, Personal G-M tube Y, X Maximum audible  Visible (light) and audible Signal frequency proportional
Radiation high-level waraing at 0.5 warning of radiatlon field to radiation intensity. Avail-
Monltor r/h; flashing able in higher rate ranges

1ight becomes
continuous at

10 r/h

CI-T1



Table 11.7. Portable survey instruments (battery or electrostatically powered)

Radiation Range

Application Remarks
detected (nominal)

Lastrument Detectort

Cutie Pie Tonization 5 te 10,000 Dose-rate meter for ¥ and x Most widely used {nstrument
Chamber mrad/h (0,008 to 2 MeV) within 10%, for these measurements. A
(air) High-energy With ORNL chamber measures “soft-shell” instrument (ORNL
£ with at least 50% efficiency chamber) is made by cutting
the externally hazardous away sections from the detec-
betas tor housing and replacing them
with a thin film, Adjusted to
"zero” position through grid
bias potentiometer
2. Geiger- G-M tube €2 > 0.2 MeV, Three scales: Detection Instrument for 2 > Energy dependent. Should be
Mueller ; xl, x10, x100 0.2 MeV and v. Rate meter used with earphones for faster
Survey xl may be 600- and audible pulse. 1Indicates response, Sliding shield for
Meter 800 counts/min approximate ¢ dose rates B=y discrimination, Some
(Thyac full scale between 0.05 and 20 mr/h models saturate above 50-100
and mr/h and will not indicate
Nuclear higher dose rates, Commercial
2610) instruments insensitive to low
£ energles, unless equipped
with thin window counter
Alpha Proportional May detect as Analysis of mixed y, &, and More stable than alr propor-
Propor- counter, gas little as 50 ¢ radiation; discriminates tional counter, Reading not
tional d/min . in between « and {-% dependent on section of probe
Counter presence of | face receiving radiation, as
(gas) rad/h t; range with scintillation counter.
(PAC-3G) to 500,000 d/min Grade or type of gas used

should not be changed without
recalibration

ET-11



Table 11.7.

(continued)

Instrument Detector Radiation Range Application Remarks
detected (nominal)

4, Thermal BF 5 enriched Nen 20 to 20,000 Can discriminate agalnst Employs BlO + N 117 + reactlon

Neutron tn 810, pro- Nt/sz g intense v radiation (measures

Proportional portional 200 Nth/cm2 s in fleld of 10

Counter counter, gas rad/h ¥)

(Q~2004)
5. Fast Neutron Proportional Ng 0.1 to 100 Measure first-collision Tissue-equivalent walls and

Proportional  counter, mrad/h tissue dose of Nf from 0,2 to gas

Counter gas 14 MeV, Discrimination a

(Rudolph) problem in * flelds above

2 r/h

y1-T11



Table 11.8.

Area monitoring instruments

Instrument Detector Radiation Range Application Remarks
detected (nominal)

1. Continuous G-M tube KOt Includes MPC Continuous recording of £-y Count-rate and strip-chart
Beta~Gamma (shielded) level particulate radiation. Amber recorder incorporated. Does
Air Monitor light and bell alarms for not distlnguish between  and
(Particulate) preset level v

2. Monitron Ionization v 1f chamber To 125 mr/h Dose-rate meter for ; back- Zero setting should be checked

chamber is coated ground monitoring measures daily. Shorld be operated
with carbon only the relative intensities only on high-sensitivity set-
only, ¥ and of N¢p. Required ac power ting unless users are warned
Nyp, L€ coated input, Several {on chambers of low-sensitivity setting.
with BlO- can be placed 150 ft or more Where background permits,
enriched from control unit alarm should sound at 7.5 mr/h.
boron Calibrated with Ra source

3. Threshold Series of foll Nep, Nf High-intensity Provides data which, when Should supplement, but never
Detector detectors neutron flux analyzed with special counting be substituted for, alarm—-type
Unit equipment, gives the dosage of instruments which warn of dose

high-intensity neutron bursts

rate, but which do not measure
dose

GI-1T



Table 11.9,

Personnel and area contamination monitoring instruments (fixed)

Instrument Detector Radiation Range Application Remarks
detected (nominal)
1. Hand and Foot Halogen S, Low-level Simultaneous detection of 7 Most models have auxfiliary

2.

Monitor

"Stack”
Monitors
for Gaseous
Effluents

quenched G-H
tube

Combinations

of monitors
listed above
for gaseous

and particulate
activity

Depends upon
detectors
chosen

and 1 contawlantion of hands
and shoes, Will not detect

Rough estimate of th: radio-
activity of effluent from a
multi-use stack

1

probe for monitoring clothing

Requires complicated and

expensive sampling, collecting,
detecting, counting, and data-

interpreting equipment

91-11
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12, SERVICES TO TRANSURANIUM LABORA{ORY

The proximity of the transuranium processing facility to the HFIR
site makes it advantageous to commingle certain utilities. Since the
HFIR was constructed first, most of the utility services were constructed
as part of this facility with provisions made to supply TRU when required.
Actually, the HFIR is the major user of most of these utilities and the
portion supplied to TRU is but a small part of the total system.

The various services furnished TRU are:

Secondary Coolant Water

The TRU facility is supplied with secondary cooling water from the
HFIR secondary coolant system. Headers branch from the underground
secondary supply—and-return lines east of the reactor building. These
30.5-cm (12-in.) headers continue north, passing the east side of the
underground water storage tank, and terminate in a pit on the north side
of the air lock access road. The HFIR portion of these lines ends in
the pit with block valves, V-1480 on the return line and V-1481 on the
supply line. The TRU facility ties into the HFIR secondary coolant
system at this point.

Demineralized Water

TRU is supplied demineralized water from the HFIR plant demineralized
water system. A 5.l-cm (2-in.) line, 01-1627-2"-69, branches from the
discharge header of the plant demineralized water supply puwps, runs out
the north wall of the reactor building, and continues underground in a

northerly direction toward the TRU facility. A valve, V-1601, located
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near the demineralized water pumps in the reactor building, controls the

demineralized water supply to the TRU facility.

Exhaust Stack

The HFIR stack was designed to exhaust 1,700 m3/min (60,060 scfm).
Since the HFIR exhaust requirements are only about 850 mg/miﬁ . 30,000
scfm), another 850 m3/min (30,000 scfm) of capacity is avallable. Most,
if not all, of this excess capacity will be utilized by the TRUlfacility.
The HFIR exhaust stream enters the base of the stack on the we;t‘side.
An opening for the TRU facility exhaust stream is available .. “%& north

side of the stack.

Hot-Waste Collection (ILW)

The HFIR and TRU facilities maintain essentially independent waste
collection systems. However, due to its location and elevation, conden-
sate from a portion of the TRU exhaust duct is drained into the HFIR ILW
systems. This tie line runs underground from the TRU exhaust duct,
passes on the east side of the HFIR exhaust stack, and connects to the
line which drains the stack into the filter pit sump. A block valve is
located underground in the tie line at a point southeast of the stack

area instrumentation cubicle.

Emergency Electrical Power

Emergency electrical power (available during a normal-power outage)
is supplied to TRU from the HFIR diesel-generators. A separate circuit
to TRU is run from each normal-emergency system. Upon a normal power
outage, the TRU feeder breaker in each system is tripped out and recloses
10 s after the normal emergency switchgear transfers the loads to the

diesel-generators.
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near the demineralized water pumps in the reactor building, controls the

demireralized water supply to the TRU facility.

Exhaust Stack

The HFIR stack was designed to exhaust 1,700 m3/min (60,000 scfm).
Since the HFIR exhaust requirements are only about 850 m3/min (30,000
scfm), another 850 m3/min (30,000 scfm) of capacity is available. Most,
if not all, of this excess capacity will be utilized by the TRU facility.
The HFIR exhaust stream enters the base of the stack on the west side,

An opening for the TRuU facility exhaust stream is available on the north

side of the stack.

ﬁot—Waste Collection (ILW)

The HFIR and TRU facilities maintain essentially independent waste
collection systems. However, due to its location and elevation, conden-
sate from a portion of the TRU exhaust duct is drained into the HFIR ILW
systems. This tie lin¢ runs underground from the TRU exhaust duct,
passes on the east side of the HFIR exhaust stack, and connects to the
line which drains the stack into the filter pit sump. A block valve is
located underground in the tie line at a point southeast of the stack

area instrumentation cubicle,

Emergency Electrical Power

Emergency electrical power (available during a normal-power outage)
is supplied to TRU from the HFIR diesel-generators. A separate circuit
to TRY is run from each normal-emergency system. Upon a normal power
outage, the TRU feeder breaker in each system is tripped out and recloses
10 s after the normal emergency switchgear transfers the loads to the

diesel—-generators.
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