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OPERATING MANUAL FOR THE HIGH FLUX ISOTOPE 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 
15 2 volume, an unperturbed thermal neutron flux of 5 x 10 n/cm -s for the 

25? purpose of producing milligram quantities of J Cf annually. Analysis 
1 3 of the transplutonium production schemes and design studies"' led to 

the conclusion that this could be accomplished, within the scope of 
existing technology, with a light-water, flux-trap type reactor fueled 

235 
with uranium highly enriched in J u and reflected by beryllium. The 
reactor power level was established at 100 MW by a combination of eco-
nomic 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 61-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 

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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Fig. 2.1. Exploded view of core. 
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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 

235 
fuel elements containing 9.4 kg of b in vertical curved 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 

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. It 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) 
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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 meiaber 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 1.6-cm-diam (5/8-in.) tubes, thereby providing each rod 
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Fig. 2.5. Target holder assembly. 



9-1 

providing each rod with its own cooling channel of about 0.3 cm (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 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 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 

4 f t 7 the target region is calculated to be about 3.15 x 10 w/m (1 x 
6 2 10 Btu/ft -h); however, peaks are expected due to buildup and burnup of 

2 
various isotopes. With low conductivity pellets [65.3 W/m -K (11.5 
Btu/ft-h-°F)] and a 0.1-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 curium 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. 

^H. C. Claiborne and M. P. Lietzke, "Californium Production in the 
High Flux Isotope Reactor," ORNL 59-8-125, August 31, 1959. 
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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 235B and 2.80 g of l0B 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 

235 
and initially contains 6.8 kg of U but no burnable poison. Its inner 
diameter is 28.6 cm (11.250 in.) and outer diameter is 43.5 cm (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 t^Og and aluminum, 
approximately 35 weight % U^Og in the case of the inner annulus and 40 
weight % in the case of the outer annulus. Uranium containing at least 

235 
93% U is used as fuel. Initially each inner annulus plate contains 

235 
15.18 g + 1.0% U. In addition, each inner annulus plate initially 
contains 0.0164 g + 11.0% of l0B. The finished plates are 0.127-cm 
(0.050-in.) thick and 61-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 cm (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 constant 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. 

4 
The boron-10, included in the inner plates in the form of BC, 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 9 
psi). At 100 MW total heat power the average heat flux is 25 x 109 W/m 

5 2 
(8 x 10 Btu/ft -h), and the calculated maximum hot spot heat flux is 
6.6 x 1010 W/m2 (2.1 x 106 Btu/ft2-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 
approximately 133 MW. Present operating inlet pressure is 5.2 MPa (750 
psi). 
2.2.3 Beryllium reflector 

The fuel region is radially reflected by a 30.5-cm (1-ft) thick 
beryllium reflector. The inner portion of the reflector is 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 
axially directed circular coolant channels. Three of the four inner 
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Fig. 2.9. Fuel and burnable-poison distribution in the as-built element. 
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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 (l/2-in.) and 
four 3.5-cm-diam (1 3/8-in.) vertical irradiation facilities are pro-
vided in the middle 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 4.01-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-cm (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 moved 
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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Fig. 2.10. Control plates. 
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the inner cylinder and the upper section of the outer cylinder contain 
33% by volume dispersed in aluminum. These sections are highly 
neutron absorbing and are called the "black regions." The central 
section of each plate contains 40% by volume of tantalum dispersed in 
aluminum. They are less absorbing than the E^O^ 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 inner 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 inner 
cylinder. 

In each case the black region is 22 in. long. The absorbing section 
has a nominal thickness of 0.476 cm (3/16 in.), and is olsul with 0.08—cm 
(1/32-in.) thick aluminum. The gray regions are 12.7-cm (2C~ir..) long 
and are of solid aluminum. In order to balance the hydraulic 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 (9.300 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 26.8 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 is held in place by bolts and provides 
support for two 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 cm (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 rlow 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 is 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. It 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 is 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 is shown in Fig. 2.13. 

The flat upper head of the vessel is made of 35.6-cm (14-in.) thick 
carbon steel clad with stainless steel. It is secured to the vessel 
with bolts and sealed with an elastomer 0-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 0-ring piston seal. In 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 0-ring piston seal. 
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F i g . 2 . 1 3 . R e a c t o r p r e s s u r e v e s s e l . 



2-26 

T h e l o w e r h e a d f o r t h e c o n t r o l r o d a c c e s s e x t e n s i o n i s a 1 6 . 5 - c m 

( 6 1 / 2 — i n . ) t h i c k f l a t b o l t e d h e a d w i t h a n e l a s t o m e r 0 — r i n g s e a l . A l l 

o t h e r c l o s u r e s a r e s t a n d a r d ASA b o l t e d f l a n g e d j o i n t s w i t h m e t a l l i c r i n g 

j o i n t s e a l s . The t o p and b o t t o m h e a d s a r e shown i n F i g s . 2 . 1 4 and 2 . 1 5 . 

A s i d e f r o m t h e a c c e s s h a t c h and t h e t h r e e w a t e r i n l e t and e x i t 

l i n e s , t h e v e s s e l i s p r o v i d e d w i t h 57 p e n e t r a t i o n s . T h e s e p e n e t r a t i o n s 

a r e l i s t e d i n T a b l e 2 . 1 . 

2 . 4 . 2 V e s s e l d e s i g n a n d i n s p e c t i o n 

M a t e r i a l s h a v e b e e n s p e c i f i e d i n a c c o r d a n c e w i t h t h e ASME P r e s s u r e 

V e s s e l C o d e . To e l i m i n a t e c o r r o s i o n c a u s e d by n o r m a l o p e r a t i o n and by 

t h e a c t i o n o f d e c o n t a m i n a t i o n s o l u t i o n s , s t a i n l e s s s t e e l has b e e n u t i -

l i z e d f o r s u r f a c e s e x p o s e d t o t h e p r i m a r y and p o o l w a t e r . 

T h e v e s s e l has b e e n d e s i g n e d i n a c c o r d a n c e w i t h S e c t i o n V I I I o f t h e 

ASME B o i l e r a n d P r e s s u r e V e s s e l Code a n d N u c l e a r Code C a s e s 1 2 7 0 N , 

1 2 7 1 N , and 1 2 7 3 N . The d e s i g n c o n d i t i o n s f o r t h e v e s s e l a r e : 

O p e r a t i n g D e s i g n T e s t 

T e m p e r a t u r e 49 - 7 5 ° C 9 3 ° C 2 4 ° C 

( 1 2 0 - 1 6 7 ° F ) ( 2 0 0 ° F ) ( 7 5 ° F ) 

P r e s s u r e 5 . 2 MPa 6 . 9 MPa 1 0 . 7 MPa 

( 7 5 0 p s i g ) ( 1 0 0 0 p s i g ) ( 1 5 5 0 p s i g ) 

S t r u c t u r a l a n a l y s i s has been p e r f o r m e d by t h e methods d e s c r i b e d i n 

t h e D e p a r t m e n t o f Commerce B u l l e t i n , PB 1 5 1 9 8 7 , " T e n t a t i v e S t r u c t u r a l 

D e s i g n B a s i s f o r R e a c t o r P r e s s u r e V e s s e l s and D i r e c t l y A s s o c i a t e d 

C o m p o n e n t s , " December 1958 r e v i s i o n . T h e l o a d i n g c o n d i t i o n s w h i c h h a v e 

b e e n e v a l u a t e d and t h e r e s u l t s o f t h e a n a l y s i s a r e g i v e n i n t h e A l l i s -

C h a l m e r s D e s i g n R e p o r t f o r t h e v e s s e l . 
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F i g . 2 . 1 5 . R e a c t o r v e s s e l b o t t o m h e a d 
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T a b l e 2 . 1 . R e a c t o r p r e s s u r e v e s s e l 

N o m e n c l a t u r e Number S i z e 

C o o l i n g w a t e r i n l e t 2 4C) .6-cm-OD ( 1 6 - i n . ) p i p e 

C o o l i n g w a t e r e x i t 1 4 5 . 7 - c r a - O D ( 1 8 - i n . ) p i p e 

S l a n t e n g i n e e r i n g f a c i l i t y 
p e n e t r a t i o n 

4 1 5 . 2 - c m ( 6 - i n . ) 2 7 2 k g 
( 6 0 0 # ) RJ f l a n g e 

I o n chamber p e n e t r a t i o n 3 1 0 . 2 - c m ( 4 - i n . ) 2 7 2 k g 

( 6 0 0 # ) RJ f l a n g e 

R a b b i t h o l e p e n e t r a t i o n 8 7 . 6 - c m ( 3 — i n . ) 2 7 2 k g 
( 6 0 0 # ) RJ f l a n g e 

R a d i a l h o r i z o n t a l beam t u b e 
p e n e t r a t i o n 

1 3 5 . 6 - c m ( 1 4 - i n . ) 2 7 2 k g 
( 6 0 0 # ) RJ f l a n g e 

T a n g e n t i a l h o r i z o n t a l beam t u b e 
p e n e t r a t i o n 

3 2 0 . 3 - c m ( 8 - i n . ) 2 7 2 kg 
( 6 0 0 # ) RJ f l a n g e 

* 
V e r t i c a l e x p e r i m e n t a l p e n e t r a t i o n 12 5 . 1 - c r a ( 2 - i n . ) 2 7 2 k g 

( 6 0 0 # ) RJ f l a n g e 

" V e r t i c a l e x p e r i m e n t a l p e n e t r a t i o n * 9 1 0 . 2 - c m ( 4 - i n . ) 2 7 2 k g 
( 6 0 0 # ) RJ f l a n g e 

* 
V e s s e l v e n t 1 7 6 . 2 - c m ( 3 0 - i n . ) f l a n g e 

B o t t o m h e a d 1 
* * 

N - 1 6 w a t e r e x i t 4 0 . 6 3 5 — c m - d i a m ( i / 4 - i n . ) 

Q u a d r a n t t h e r m o c o u p l e 4 0 . 3 1 8 - c m - d i a m ( l / 8 - i n . ) 
* * C o n t r o l r o d s h a f t s 5 4 . 9 - c m - d i a m ( 1 . 9 3 8 - i n . ) 

Top h e a d 1 2 6 1 . 6 - c m - 0 D ( 1 0 3 - i n . ) 
* 

Q u i c k - o p e n i n g h a t c h 1 7 6 . 2 - c m - d i a m ( 3 0 - i n . ) 
* 

Top p l u g 1 3 0 . 5 - c m - d i a m ( 1 2 - i n . ) 

F i s s i o n chamber p e n e t r a t i o n s 3 1 . 9 - c j - d i a m ( 3 / 4 - i n . ) 

£ 

T o p h e a d . 

B o t t o m h e a d . 
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The v e s s e l was i n s p e c t e d i n a c c o r d a n c e w i t h t h e r e q u i r e m e n t s o f t h e 

b a s i c Code and N u c l e a r Code Case 1 2 7 3 N . A d d i t i o n a l i n s p e c t i o n s p e r f o r m e d 

i n c l u d e d dye p e n e t r a n t a n d , as a p p l i c a b l e , m a g n e t i c p a r t i c l e i n s p e c t i o n 

o f a l l w e l d i n g , i n c l u d i n g o v e r l a y c l a d d i n g , b o t h b e f o r e and a f t e r s t r e s s 

r e l i e f . A d d i t i o n a l t e s t s i n c l u d e d i m p a c t t e s t i n g o f f e r r i t i c m a t e r i a l s 

a n d u l t r a s o n i c t e s t i n g o f p l a t e s , f o r g i n g s , and o t h e r v e s s e l p a r t s . To 

v e r i f y t h e a d e q u a c y o f t h e v e s s e l , h y d r o s t a t i c t e s t s a t 1 0 . 7 MPa ( 1 5 5 0 

p s i g ) a n d s u p p l e m e n t a r y t e s t s a t 6 . 9 MPa ( 1 0 0 0 p s i g ) f o l l o w i n g 17 c y c l e s 

f r o m a t m o s p h e r i c p r e s s u r e t o 6 . 9 MPa ( 1 0 0 0 p s i g ) w e r e p e r f o r m e d . 

M e a s u r e m e n t s w e r e made o f t h e t o p head b o l t t e n s i l e s t r e s s u n d e r p r e l o a d 

and a t 1 0 . 7 and 6 . 9 MPa ( 1 5 5 0 and 1000 p s i g ) . 

A f t e r b e i n g p u t i n t o o p e r a t i o n , t h e v e s s e l has b e e n i n s p e c t e d 

p e r i o d i c a l l y f o r p h y s i c a l d e t e r i o r a t i o n . T e s t s a r e a l s o p e r f o r m e d 

f o l l o w i n g e a c h r e m o v a l and r e p l a c e m e n t o f t h e v e s s e l c l o s u r e s i n o r d e r 

t o e s t a b l i s h t i g h t n e s s . 

T h e s i z i n g o f n o z z l e o p e n i n g s and t h e a r r a n g e m e n t o f t h e w a t e r a n n u -

l u s o u t s i d e t h e c o r e has b e e n f i x e d to l i m i t t h e f a s t n e u t r o n dose t o 

t h e p r e s s u r e v e s s e l . On t h i s b a s i s , v e s s e l m a t e r i a l s w e r e used w h i c h 

a s s u r e t h a t t h e n i l d u c t i l i t y t e m p e r a t u r e , as d e t e r m i n e d by C h a r p y V -

n o t c h i m p a c t t e s t s , o f any p o r t i o n o f t h e v e s s e l w i l l n e v e r e x c e e d 

- 1 2 . 2 ° C ( + 1 0 ° F ) a f t e r 2 0 y e a r s . The o p e r a t i n g p r o c e d u r e s r e q u i r e t h a t 

t h e v e s s e l t e m p e r a t u r e be m a i n t a i n e d a b o v e l l c C ( 7 0 ° F ) w h e n e v e r t h e 

s t r e s s l e v e l i s more t h a n 3 4 . 5 MPa ( 5 0 0 0 p s i ) . T h i s s t r e s s l e v e l i s 

d e v e l o p e d a t a v e s s e l p r e s s u r e o f a p p r o x i m a t e l y 1 . 4 MPa ( a p p r o x i m a t e l y 

2 0 0 p s i g ) . 

As a f u r t h e r p r e c a u t i o n , r a d i a t i o n damage i s m o n i t o r e d by t h e i n s e r -

t i o n o f a number o f a c t u a l p r e s s u r e v e s s e l s t e e l s a m p l e s a t l o c a t i o n s 

c o r r e s p o n d i n g t o t h e a r e a s o f h i g h e s t e x p o s u r e . S p e c i m e n s a r e removed 

p e r i o d i c a l l y and t e s t e d f o r s t r e n g t h and n o t c h t o u g h n e s s . 
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2 . 5 H F I R P o o l s 

2 . 5 . 1 G e n e r a l d e s c r i p t i o n 

T h e r e a c t o r v e s s e l and t h e s p e n t f u e l s t o r a g e f a c i l i t i e s a r e l o c a t e d 

i n a s y s t e m o f w a t e r - f i l l e d p o o l s w h i c h f u r n i s h b i o l o g i c a l s h i e l d i n g , 

a n d , i n t h e c a s e o f t h e s p e n t f u e l e l e m e n t s , a l s o p r o v i d e a mechan ism 

f o r r e m o v i n g h e a t g e n e r a t e d by t h e d e c a y i n g f i s s i o n p r o d u c t s . The H F I R 

p o o l c o n s i s t s o f f o u r s e p a r a t e c o m p a r t m e n t s as f o l l o w s ( s e e F i g . 2 . 1 6 ) : 

1 . a 1 0 . 9 7 - m ( 3 6 - f t ) deep r e a c t o r p o o l , t h e l o w e r p o r t i o n o f w h i c h 
i s a 5 . 5 - m - d i a m ( 1 8 - f t ) by 4 . 8 8 - m ( 1 6 - f t ) deep c y l i n d e r , t h e 
u p p e r p o r t i o n i s a 5 . 5 - m ( 1 8 - f t ) w i d e by 6 . 1 - m ( 2 0 - f t ) l o n g 
r e c t a n g l e ; 

2 . two 6 . 1 - m ( 2 0 - f t ) d e e p c l e a n p o o l s , e a c h o f w h i c h i s 5 . 5 - m 
( 1 8 - f t ) w i d e by 6 . 3 - m ( 2 0 3 / 4 - f t ) l o n g ; and 

3 . a 7 . 6 - m ( 2 5 - f t ) d e e p by 2 . 4 - m - d i a m ( 8 - f t ) c r i t i c a l p o o l f o r 
f u t u r e u s e . 

T h e r e a c t o r p o o l c o n t a i n s t h e r e a c t o r v e s s e l and two d e f e c t i v e f u e l 

e l e m e n t s t o r a g e t a n k s . T h e c l e a n p o o l s c o n t a i n t h e long—ter ra s p e n t f u e l 

s t o r a g e f a c i l i t i e s . T h e c r i t i c a l p o o l was d e s i g n e d t o accommodate a 

f u t u r e H F I R c r i t i c a l f a c i l i t y . 

T h e p o o l w a l l s and f l o o r a r e c o n s t r u c t e d o f r e i n f o r c e d c o n c r e t e and 

a r e l i n e d w i t h t y p e 3 0 4 s t a i n l e s s s t e e l . T h e l i n i n g on t h e s i d e s o f t h e 

c l e a n p o o l s , t h e c r i t i c a l p o o l , and t h e r e c t a n g u l a r p o r t i o n o f t h e r e a c -

t o r p o o l s i s 0 . 6 3 5 - c m ( 1 / 4 - i n . ) t h i c k . T h e l i n i n g on t h e p o o l f l o o r s 

and t h e w a l l s o f t h e c y l i n d r i c a l s e c t i o n o f t h e r e a c t o r p o o l i s 0 . 9 5 - c m 

( 3 / 8 - i n . ) t h i c k . T h e r e a c t o r and c l e a n p o o l s a r e s e p a r a t e d by r e m o v a b l e 

a l u m i n u m g a t e s w h i c h a l l o w t h e t r a n s f e r o f s p e n t f u e l e l e m e n t s b e t w e e n 

p o o l s . A c o n c r e t e w a l l , w i t h a t r a n s f e r h a t c h , s e p a r a t e s t h e c l e a n p o o l 

a n d t h e c r i t i c a l f a c i l i t y p o o l . 
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5 EXPERIMENT ROOM »G INfEŴ'OOL TMANSf£B PLATFORMS 
G FUTURE SHIELOJNG BLOCKS 17 CLEAN POOLS 
7 SCUFPER <8 SLANT ACCESS EX̂EHiMENT KAClUTlES 
8 SBHE DUCT (9 NEl/TMOM-CMAMflE* TMtttflUS 
9 TOOL COVER ZO -TOOL STORAGE PJT 
'0 WEACTOff POOl 21 P»nvt$tOH FOH CUBICAL FAOUW 
II REACTOR 0AT 

M 
I 
OJ 
to 
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The w a l l s o f t h e c y l i n d r i c a l s e c t i o n o f t h e r e a c t o r p o o l a r e o f 

o r d i n a r y c o n c r e t e 3 . 6 6 - m ( 1 2 — f t - ) t h i c k . F o u r beam t u b e a c c e s s h o l e s 

p e n e t r a t e t h e r e a c t o r p o o l w a l l a t e l e v a t i o n 2 5 0 m ( 8 2 0 f t , 6 i n . ) ; a n d , 

i n t h e s e r e g i o n s , t h e w a l l i s o f h i g h d e n s i t y c o n c r e t e 2 . 2 8 - m ( 7 1 / 2 f t ) 

t h i c k . A d d i t i o n a l m o v a b l e s h i e l d i n g i s p r o v i d e d , as r e q u i r e d , a r o u n d 

t h e s e o p e n i n g s . T h e w a l l s o f t h e r e c t a n g u l a r s e c t i o n o f t h e p o o l [ t h a t 

s e c t i o n a b o v e e l e v a t i o n 2 5 3 . 9 m ( 8 3 3 f t ) ] a r e o f o r d i n a r y c o n c r e t e 9 1 - c m 

( 3 - f t ) t h i c k . C o n c r e t e b l o c k , s u p p o r t e d by t h e 3 . 6 6 - m ( 1 2 - f t ) t h i c k 

p o r t i o n o f t h e w a l l , may be s t a c k e d a g a i n s t t h e s e w a l l s as r e q u i r e d t o 

s h i e l d t h e v e r t i c a l a c c e s s f a c i l i t i e s t o t h e beam t u b e s and t h e s l a n t 

a c c e s s p e n e t r a t i o n s t o t h e p o o l . The f l o o r o f t h e r e a c t o r p o o l , w h i c h 

i s a l s o t h e c e i l i n g o f t h e s u b p i l e r o o m , i s o f h i g h d e n s i t y c o n c r e t e 

2 . 1 3 - m ( 7 - f t ) t h i c k . 

T h e s o u t h w a l l o f t h e c l e a n p o o l i s c o n s t r u c t e d o f o r d i n a r y c o n c r e t e 

1 . 5 2 - m ( 5 - f t ) t h i c k , and t h e n o r t h w a l l , w h i c h a l s o s e r v e s as t h e s o u t h 

w a l l o f t h e h e a t e x c h a n g e r c e l l s , i s 1 . 2 2 - m ( 4 - f t ) t h i c k o r d i n a r y 

c o n c r e t e . T h e w a l l s o f t h e c r i t i c a l p o o l a r e a l s o o£ o r d i n a r y c o n c r e t e 

a minimum o f 1 . 8 3 - m ( 6 - f t ) t h i c k . E x c e p t f o r t h e s t a i r w e l l l e a d i n g t o 

t h e s u b p i l e r o o m , t h e a r e a u n d e r t h e c l e a n p o o l and c r i t i c a l p o o l i s 

u n e x c a v a t e d . T h e f l o o r i n t h e u n e x c a v a t e d a r e a i s o f o r d i n a r y c o n c r e t e 

a n d i s 9 1 - c m ( 3 - f t ) t h i c k u n d e r t h e c l e a n p o o l and 6 0 . 1 - c m ( 2 - f t ) t h i c k 

u n d e r t h e c r i t i c a l p o o l . The p o o l f l o o r above t h e s t a i r w e l l t o t h e s u b -

p i l e room i s o f 5 5 . 8 - c m ( 1 - f t , 1 0 - i n . ) t h i c k h i g h d e n s i t y c o n c r e t e 

b a c k e d up by 3 5 . 6 cm ( 1 4 - i n . ) o f s t e e l a r m o r p l a t e . 

T h r e e 7 . 6 - c m - d i a m ( 3 - i n . ) p i p e s l e e v e s t h r o u g h t h e n o r t h w a l l o f t h e 

c l e a n p o o l , a t e l e v a t i o n 255 m ( 8 3 7 f t ) , f u r n i s h a c c e s s t o t h r e e o f t h e 

h e a t e x c h a n g e r c e l l s . I n a d d i t i o n t o t h e e x p e r i m e n t f a c i l i t i e s , s i x 

1 5 . 2 - c m - d i a m ( 6 - i n . ) p i p e s l e e v e s a t e l e v a t i o n 2 5 6 . 3 cm ( 8 4 1 f t ) p e r m i t 

a c c e s s t o t h e r e a c t o r p o o l f r o m t h e e x p e r i m e n t room. F o u r s i m i l a r 
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s l e e v e s a t t h e same e l e v a t i o n p r o v i d e a c c e s s t o t h e c l e a n p o o l s . When 

n o t i n use t h e s e s l e e v e s a r e p l u g g e d w i t h f l a n g e s and s h i e l d e d w i t h bags 

o f l e a d s h o t . 

The p o o l l i n e r i s f a b r i c a t e d o f s t a i n l e s s s t e e l s h e e t s w e l d e d 

t o g e t h e r . The w a l l l i n e r i s f a s t e n e d t o t h e c o n c r e t e by means o f s t a i n -

l e s s s t e e l rods w h i c h a r e w e l d e d t o t h e u n d e r s i d e o f t h e l i n e r and w h i c h 

p e n e t r a t e t h e c o n c r e t e w a l l s . T h e f l o o r l i n e r i s p l u g w e l d e d t o s t e e l 

b a r s s e t i n t h e c o n c r e t e f l o o r . T h e s e a t t a c h m e n t s s e r v e t h e d o u b l e p u r -

p o s e o f h o l d i n g t h e l i n e r i n p l a c e and o f p r o v i d i n g c o n d u c t i n g p a t h s f o r 

t h e r e m o v a l o f h e a t g e n e r a t e d by gamma r a y a b s o r p t i o n i n t h e c o n c r e t e . 

S t a i n l e s s s t e e l s c u p p e r s a r e p r o v i d e d a l o n g t h e i n n e r edges o f t h e 

p o o l a t e l e v a t i o n 2 5 8 . 5 m ( 8 4 8 f t ) w h i c h i s 9 6 . 5 cm ( 3 f t , 2 i n . ) b e l o w 

t h e r e a c t o r bay f l o o r . T h e s e s c u p p e r s a r e 2 5 . 4 - c m ( 1 0 - i n . ) w i d e and 

4 8 . 3 - c m ( 1 9 - i n . ) d e e p . T h e y c o n v e y t h e o v e r f l o w f r o m t h e p o o l s t o t h e 

p o o l c o o l i n g s y s t e m a n d , by p r o v i d i n g a s m a l l c o n s t a n t f l o w , p r e v e n t 

d u s t f r o m c o l l e c t i n g on t h e p o o l s u r f a c e . 

2 . 5 . 2 P o o l c o v e r and p e r s o n n e l b r i d g e s 

T h e p e r s o n n e l b r i d g e spans t h e p o o l f r o m n o r t h to s o u t h ; see F i g . 

2 . 1 7 . I t i s a 1 . 8 3 - m ( 6 - f t ) w i d e , 6 . 1 - m ( 2 0 - f t ) l o n g p l a t f o r m c o v e r e d 

w i t h v i n y l a s b e s t o s t i l e and s u r r o u n d e d by a s u i t a b l e r a i l i n g . The 

b r i d g e i s mounted on w h e e l s and i s d r i v e n on a t r a c k i n t h e e a s t - w e s t 

d i r e c t i o n by a 1 - h p m o t o r and g e a r t r a i n a t a s p e e d o f 0 . 0 5 m / s ( 1 0 

f t / m i n ) . T h e t r a c k s e x t e n d t h e e n t i r e l e n g t h o f t h e p o o l s ; t h u s p e r -

m i t t i n g t h e b r i d g e t o be p o s i t i o n e d o v e r any p o i n t i n t h e m . A l t h o u g h 

t h e b r i d g e d r i v e i s d e s i g n e d t o s t o p t h e movement w i t h i n 5 - 1 0 cm ( 2 - 4 

i n . ) a f t e r t h e power i s s w i t c h e d o f f , a m a n u a l d r i v e i s p r o v i d e d t o 

f a c i l i t a t e a c c u r a t e p o s i t i o n i n g . A s m a l l m a n u a l l y d r i v e n c a r r i a g e 

m o u n t e d on t r a c k s on t h e b r i d g e p e r m i t s a c c u r a t e p o s i t i o n i n g o f t o o l s 

o r e q u i p m e n t i n t h e n o r t h - s o u t h d i r e c t i o n . 
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F i g . 2 . 1 7 . P o o l c o v e r and p e r s o n n e l b r i d g e . 
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To p r o v i d e a d d i t i o n a l c o n t a i n m e n t and p r o t e c t i o n , t h e r e a c t o r p o o l 

i s c o v e r e d by a c o v e r f a b r i c a t e d f r o m 1 . 3 - c m ( 1 / 2 - i n . ) t h i c k P l e x i g l a s 

p a n e l s s u p p o r t e d by a l u m i n u m beams. T h e r e a r e two c o v e r s e a c h 6 - m 

( 1 9 - f t , 7 - i n . ) w i d e and 3 . 1 7 - m ( 1 0 - f t , 5 - i n . ) l o n g . T h e y a r e s e p a r a t e d 

by a n a p e r t u r e w h i c h e x t e n d s a c r o s s t h e p o o l u n d e r t h e p e r s o n n e l b r i d g e . 

A i r f r o m t h e r e a c t o r b a y i s d r a w n t h r o u g h t h e a p e r t u r e and i n t o t h e SBHE 

s y s t e m d u c t s w h i c h a r e l o c a t e d j u s t above t h e s c u p p e r s i n t h e p o o l w a l l s . 

I n t h i s way any v a p o r o r gas o r i g i n a t i n g i n t h e p o o l i s p r e v e n t e d f r o m 

e s c a p i n g i n t o t h e r e a c t o r b a y . 

T h e a p e r t u r e i s n o m i n a l l y 9 1 . 5 cm ( 3 f t ) i n w i d t h b u t i s a d j u s t a b l e 

t o p r o v i d e a d e q u a t e a i r v e l o c i t y . The c o v e r i t s e l f i s c a r r i e d on a 

w h e e l and t r a c k a r r a n g e m e n t . F o u r l o n g p i n s o p e r a t e d f r o m t h e b r i d g e , 

two on t h e e a s t and two on t h e w e s t s i d e , e n g a g e i t so t h a t i t w i l l 

f o l l o w t h e b r i d g e as i t i s moved. The r e a c t o r bay f l o o r a t t h e w e s t end 

o f t h e r e a c t o r p o o l i s a s t e e l p l a t e s u p p o r t e d on beams w i t h s u f f i c i e n t 

room u n d e r n e a t h t o accommodate t h e w e s t end o f t h e c o v e r , t h u s p e r m i t t i n g 

t h e a p e r t u r e t o t r a v e r s e t h e e n t i r e r e a c t o r p o o l . 



2-1 

3 . INSTRUMENTS AND CONTROLS 

3 . 1 I n t r o d u c t i o n 

S u c c e s s f u l o p e r a t i o n o f t h e r e a c t o r d e p e n d s on t h e a b i l i t y t o c o n -

t r o l b o t h t h e n u c l e a r r e a c t i o n a n d t h e s u p p o r t i n g p r o c e s s f u n c t i o n s . 

N u c l e a r and p r o c e s s i n s t r u m e n t a t i o n d e v e l o p t h e i n f o r m a t i o n r e o u i r e d f o r 

s u c h c o n t r o l , w h i c h i s r e a l i z e d w i t h a h i g h d e g r e e o f a u t o m a t i o n t h r o u g h 

a p p r o p r i a t e o u t p u t e l e m e n t s . 

S e c t i o n 3 . 2 p r o v i d e s f u n c t i o n a l d e s c r i p t i o n s and t h e r a t i o n a l e o f 

t h e s y s t e m s w h i c h e x e r c i s e d i r e c t c o n t r o l o v e r t h e r e a c t o r . S e c t i o n 3 . 3 

d e s c r i b e s t h e i n s t r u m e n t a t i o n and a u t o m a t i c c o n t r o l s f o r t h e s u p p o r t i n g 

p r o c e s s e s , s u c h as h e a t power and w a s t e r e m o v a l . The s y s t e m s c o n t r o l l i n g 

t h e r e a c t o r combine n u c l e a r and p r o c e s s i n f o r m a t i o n . S i n c e t h e l a t t e r 

i s d e r i v e d f r o m i n s t r u m e n t a t i o n o f t h e same t y p e s a s , and o f t e n i n t i -

m a t e l y a s s o c i a t e d w i t h , t h a t o f t h e s u p p o r t i n g p r o c e s s e s , t h e s u p p l e m e n -

t a r y d e t a i l e d d e s c r i p t i o n s o f t h i s p a r t i c u l a r p r o c e s s i n s t r u m e n t a t i o n 

a p p e a r i n S e c t i o n 3 . 3 . 

O p e r a t i o n o f t h e r e a c t o r and t h e p r o c e s s e q u i p m e n t i s l a r g e l y 

c e n t r a l i z e d i n t h e c o n t r o l room ( F i g . 3 . 1 ) . 



Fig. 3.1 

ORNL-DWG 63-37^5 

A _ CRITICAL FACILITY CONTROLS 1 _ MODE SELECTION, ETC. 

B 1 2 _ FISSION CHAMBER CONTROLS 
c > SAFFTY CHANNFI S 

SHIM ROD CONTROL DJ 3 _ SHIM ROD CONTROL 

E _ PROCESS CONTROLS 4 _ REGULATING SYSTEM CONTROLS 

F _ LIQUID WASTE 5 _ SAFETY CHANNEL TESTING 

G _ GASEOUS WASTE MONITORING 

H _ HEALTH PHYSICS SYSTEMS 

I _ ELECTRICAL 

(jJ 
I 

fO 

Control room. 
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3 . 2 R e a c t o r I n s t r u m e n t a t i o n and C o n t r o l s 

3 . 2 . 1 R e f e r e n c e s 

D r a w i n g s : 

RC 11-1—1C 

RC 1 1 - 1 - 2 A , —2B, - 2 C , - 2 D 

C o n t r o l b l o c k d i a g r a m 

E l e m e n t a r y d i a g r a m o f r o d c o n t r o l s 
o n "A" ( " B , " " C , " " D " ) bus 

RC 1 1 - 1 - 2 G 

RC 1 1 - 1 - 2 H , - 2 P 

E l e m e n t a r y d i a g r a m s h i m r o d d r i v e s 

E l e m e n t a r y d i a g r a m c o n t a c t t a b u l a -
t i o n , S h e e t 1 ( 2 ) 

E l e m l e n t a r y c o n t r o l d i a g r a m s a n n u n -
c i a t o r s B, C, D , F , G , and H I 

H F I R s a f e t y s y s t e m "A C h a n n e l " b l o c k 
d i a g r a m 

H F I R s a f e t y s y s t e m N o . 1 c h a n n e l 
( t y p i c a l ) c i r c u i t d i a g r a m 

R e g u l a t i n g c h a n n e l b l o c k d i a g r a m 

R e g u l a t i n g c h a n n e l ( t y p i c a l ) c i r c u i t 
d i a g r a m 

W i d e - r a n g e c o u n t i n g i n s t r u m e n t b l o c k 
d i a g r a m 

W i d e - r a n g e c o u n t i n g i n s t r u m e n t 
c i r c u i t d i a g r a m 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : S e c t i o n 112 i n s t r u m e n t a t i o n 
a n d a u x i l i a r y e q u i p m e n t 
S e c t i o n 115 p r o c e s s s y s t e m s 
i n s t r u m e n t s 

1 5 4 6 - 0 1 - E - 2 1 3 0 

RC 1 1 - 9 - 5 1 

RC 1 1 - 9 - 5 3 

RC 1 1 - 1 2 - 5 1 

RC 1 1 - 1 2 - 5 3 

RC 1 1 - 1 3 - 5 1 

RC 1 1 - 1 3 - 5 3 
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3 . 2 . 2 R e a c t o r s a f e t y , s e r v o , c o u n t - r a t e and c o n t r o l s y s t e m s -
I n t r o d u c t i o n 

T h e s u b j e c t f o u r s y s t e m s w e r e c o n c e i v e d to meet t h e r i g o r o u s p r o t e c -

t i o n , c o n t r o l , and s e r v i c e r e l i a b i l i t y r e q u i r e m e n t s t h a t a r i s e m a i n l y 

f r o m t h e h i g h power d e n s i t y i n t h e H F I R c o r e . P r o m i n e n t i n t h e s y s t e m s 

a r e s e v e r a l f e a t u r e s i n t e n d e d t o p r e v e n t c o r e o v e r h e a t i n g and damage due 

t o c u r t a i l m e n t o f c o o l a n t f l o w o r l o s s o f c o o l a n t p r e s s u r e . T h e e f f e c t s 

o f r a p i d f u e l b u r n u p , p o i s o n g r o w t h , e t c . , n e c e s s i t a t e c o n t i n u o u s a u t o -

m a t i c c a l i b r a t i o n o f t h e n e u t r o n f l u x m e a s u r e m e n t s u s e d f o r b o t h p r o t e c -

t i o n and c o n t r o l p u r p o s e s ; t h i s i s a c c o m p l i s h e d by means o f h e a t - p o w e r 

i n s t r u m e n t a t i o n . The e m p h a s i s on r e l i a b l e p e r f o r m a n c e gave r i s e t o 

s e v e r a l o t h e r i m p o r t a n t f e a t u r e s o f t h e s y s t e m s : ( 1 ) p r o v i s i o n f o r 

t e s t i n g t h e s a f e t y s y s t e m w i t h t h e r e a c t o r i n s e r v i c e , ( 2 ) i n d e p e n d e n t , 

r e d u n d a n t s u b s y s t e m s w i t h f i n a l c o n t r o l and p r o t e c t i v e a c t i o n s on a t w o -

o u t - o f - t h r e e b a s i s , and ( 3 ) m o d u l a r a r r a n g e m e n t o f i n s t r u m e n t a t i o n t o 

f a c i l i t a t e r e p a i r s . S p e c i a l p r o v i s i o n s w e r e a l s o made to p e r m i t t e s t 

o p e r a t i o n o f t h e r e a c t o r a t low p o w e r , s u b j e c t t o a p p r o p r i a t e l y 

s i m p l i f i e d c o n t r o l c r i t e r i a . 

C o n t r o l o f t h e r e a c t o r i s e x e r c i s e d by f o u r o u t e r q u a d r a n t s h i m -

s a f e t y p l a t e s w h i c h c a n be scrammed, and one i n n e r s h i m - r e g u l a t i n g 

c y l i n d e r w h i c h does n o t s c r a m . The s h i m - r e g u l a t i n g c y l i n d e r has b o t h 

s h i m d r i v e o v e r i t s e n t i r e t r a v e l span and r e g u l a t i n g s e r v o d r i v e , w h i c h 

o p e r a t e s w i t h i n a n a r r o w r a n g e a b o u t t h e p o s i t i o n s e t by t h e s h i m d r i v e . 

T h e s a f e t y , s e r v o , c o u n t - r a t e , and c o n t r o l s y s t e m s t o g e t h e r d e t e r m i n e 

t h e p l a t e p o s i t i o n s as d e s c r i b e d i n t h e f o l l o w i n g 
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s e c t i o n s o f t h i s p r o c e d u r e ; t h e i r e s s e n t i a l f u n c t i o n s a r e s u m m a r i z e d 

b e l o w : 

1 . C o n t r o l s y s t e m 

I n c l u d e s a l l r e l a y i n g and s w i t c h i n g e q u i p m e n t n e c e s s a r y t o 

e f f e c t g r o s s c o n t r o l o f t h e r e a c t o r s u b j e c t t o ( a ) d i r e c t 

r e q u e s t s by t h e o p e r a t o r and ( b ) a u t o m a t i c r e q u e s t s and 

r e s t r i c t i o n s f r o m t h e s e r v o , s a f e t y , and w i d e - r a n g e c o u n t i n g 

s y s t e m s . T h e a u t o m a t i c o p e r a t i n g f e a t u r e s , r e s t r i c t i o n s , and 

s a f e t y c r i t e r i a a r e s e l e c t e d t h r o u g h t h e c o n t r o l s y s t e m , 

a p p r o p r i a t e t o t h e f o l l o w i n g o p e r a t i o n s i t u a t i o n s : ( a ) Mode 1 , 

S t a r t - a u t o m a t i c s t a r t u p t o 10 MW l e v e l , w i t h f u l l p r i m a r y 

c o o l a n t f l o w ; ( b ) Mode 1 , Run - s e r v o c o n t r o l l e d p r o g r e s s i o n t o 

and o p e r a t i o n a t power l e v e l s b e t w e e n 10 and 100 MW ( N „ ) ; r 

s h i m m i n g i n i t i a l l y by m a n u a l c o n t r o l , and u l t i m a t e l y a u t o m a t i c , 

s u b j e c t t o s h i m c a l c u l a t o r c o n t r o l ; ( c ) Mode 2 - o p e r a t o r 

c o n t r o l l e d s t a r t u p and o p e r a t i o n t o 2 . 5 MW; a t l e a s t 10% o f 

f u l l r a t e d p r i m a r y c o o l a n t f l o w i s r e q u i r e d , w i t h o r w i t h o u t 

p r e s s u r i z a t i o n ; ( d ) Mode 3 - o p e r a t o r c o n t r o l l e d s t a r t u p and 

o p e r a t i o n t o 100 kW; no c o o l a n t f l o w o r l o o p p r e s s u r i z a t i o n 

r e q u i r e d . 

2 . S e r v o s y s t e m 

A u t o m a t i c a l l y c o n t r o l s r e a c t o r power a t demand l e v e l s 

a b o v e 10 MW by r a p i d p o s i t i o n i n g o f t h e s h i m - r e g u l a t i n g 

c y l i n d e r by t h e r e g u l a t i n g d r i v e . When r e a c t i v i t y c h a n g e s 

g r e a t e r t h a n t h e amount a v a i l a b l e f r o m t h e r e g u l a t i n g d r i v e a r e 

r e q u i r e d , t h e s e r v o s y s t e m i n i t i a t e s s h i m i n s e r t a c t i o n t h r o u g h 

t h e c o n t r o l s y s t e m o r a n n u n c i a t e s t h e need f o r s h i m w i t h d r a w a l . 
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3 . Wide—range c o u n t i n g s y s t e m 

P r i m a r i l y u s e d f o r c o n t r o l o f r e a c t o r s t a r t u p and o p e r a -

t i o n up to t h e 10-MW power l e v e l . The s y s t e m d e v e l o p s c o u n t -

r a t e c o n f i d e n c e a n d p e r i o d i n f o r m a t i o n f r o m f i s s i o n c h a m b e r s , 

w h i c h i s r e a l i z e d as s h i m w i t h d r a w a l p e r m i s s i v e s o r i n s e r t 

r e q u e s t s i n t h e c o n t r o l s y s t e m . 

A . S a f e t y s y s t e m 

R e c o g n i z e s i m p e n d i n g u n s a f e c o n d i t i o n s w h i c h may d e v e l o p 

i n t h e r e a c t o r , and scrams t h e s h i m - s a f e t y p l a t e s t o m i n i m i z e 

h a z a r d s and p r e v e n t c o r e damage . The s c r a m c r i t e r i a a r e : ( a ) 

e x c e s s i v e r a t e o f power i n c r e a s e , i n Mode 1 ; ( b ) e x c e s s i v e c o r e 

p o w e r ; ( c ) h i g h t e m p e r a t u r e o f c o o l a n t e n t e r i n g c o r e , i n Modes 

1 and 2; ( d ) c o o l a n t f l o w l e s s t h a n amount n o r m a l l y p r o v i d e d by 

two pumps d r i v e n by pony m o t o r . ; , i n Modes 1 and 2 ; ( e ) p r i m a r y 

l o o p p r e s s u r e l o w , i n Mode 1; and ( f ) h i g h r a d i a t i o n i n p r i m a r y 

c o o l a n t w a t e r . The e f f e c t i v e n e s s o f t h e n u c l e a r p o r t i o n o f t h e 

s a f e t y s y s t e m i s r e a l i z e d p r i m a r i l y a t power l e v e l s where a p p r e -

c i a b l e n e u t r o n f l u x s i g n a l s a r e o b t a i n a b l e f r o m t h e u n c o m p e n s a t e d 

i o n c h a m b e r s . A u x i l i a r y c i r c u i t r y i n t h e s a f e t y s y s t e m i n i t i a t e s 

p r o m p t , c o n t r o l l e d p l a t e i n s e r t i o n v i a t h e c o n t r o l s y s t e m when 

c o r e power e x c e e d s i n t e r m e d i a t e l i m i t s , w i t h t h e i n t e n t o f e l i m -

i n a t i n g t h e n e c e s s i t y f o r sc ram w h e n e v e r p o s s i b l e . 

T h e s a f e t y , s e r v o , and c o u n t - r a t e s y s t e m s e a c h c o n s i s t o f t h r e e 

i d e n t i c a l , i n d e p e n d e n t s u b s y s t e m s o r " c h a n n e l s , " a r r a n g e d so t h a t most 

o f t h e o u t p u t a c t i o n s o f a s y s t e m r e q u i r e c o n c u r r e n c e o f two c h a n n e l s . 

T h i s r e d u n d a n c y f e a t u r e p e r m i t s any one c h a n n e l o f e a c h s y s t e m t o f a i l 

o r t o be d i s a b l e d f o r t e s t s and m a i n t e n a n c e , w i t h o u t a f f e c t i n g o p e r a t i o n 

o f t h e r e a c t o r . The " s c r a m " o u t p u t s o f t h e t h r e e s a f e t y c h a n n e l s a r e 
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c o m b i n e d o n l y a t t h e s h i m - s a f e t y p l a t e l a t c h m a g n e t s ; e a c h magnet has 

t h r e e c o i l s , a n y two o f w h i c h w i l l h o l d t h e l a t c h a r m a t u r e . The o u t p u t 

o f e a c h s e r v o c h a n n e l i s t h e m o t i o n o f one s e r v o m o t o r ; t h e t h r e e m o t o r s 

a r e g e a r e d t o g e t h e r so t h a t t h e r e g u l a t i n g a c t i o n i s t h e n e t r e s u l t o f 

a l l t h r e e s h a f t r o t a t i o n s . Many o f t h e a u t o m a t i c s h i m p l a t e c o n t r o l 

s i g n a l s t h a t o r i g i n a t e i n t h e t h r e e s a f e t y , t h r e e s e r v o , and t h r e e 

c o u n t - r a t e c h a n n e l s , a r e c o m b i n e d i n t h e c o n t r o l s y s t e m i n t w o - o u t - o f -

t h r e e s w i t c h i n g c o n f i g u r a t i o n s . T h e r e a r e t h r e e i n d e p e n d e n t 64—V b a t -

t e r i e s , e a c h o f w h i c h s u p p l i e s a l l power r e q u i r e m e n t s o f one s a f e t y , one 

s e r v o , and one c o u n t - r a t e c h a n n e l . T h e b a t t e r y l o a d s i n c l u d e c e r t a i n ac 

p o w e r e d p r o c e s s i n s t r u m e n t a t i o n i n t h e s e r v o and s a f e t y c h a n n e l s , w h i c h 

a r e s u p p l i e d v i a d c / a c i n v e r t e r s . 

T h e s h i m p l a t e d r i v e s and c o n t r o l s a r e p r i m a r i l y ac p o w e r e d , w i t h 

t h e i r n o r m a l s u p p l y b a c k e d up by an e m e r g e n c y d i e s e l - g e n e r a t o r . P r o v i -

s i o n i s a l s o made f o r f a s t i n s e r t i o n o f t h e q u a d r a n t p l a t e s i n d e p e n d e n t 

o f t h e ac power s u p p l y , w i t h a c t u a t i o n by a i r m o t o r s f e d f r o m t h e i n s t r u -

ment a i r s y s t e m . 

T h e o v e r a l l s a f e t y o f t h e r e a c t o r o p e r a t i o n i s e n h a n c e d by e m p l o y i n g 

d i f f e r e n t t y p e s o f p r o c e s s i n s t r u m e n t a t i o n f o r t h e c o r r e s p o n d i n g f u n c -

t i o n s i n t h e s e r v o and s a f e t y s y s t e m s . T h u s , t h e c o o l a n t f l o w and t e m -

p e r a t u r e i n f o r m a t i o n i s h a n d l e d by a l l - p n e u m a t i c i n s t r u m e n t a t i o n i n t h e 

s e r v o s y s t e m and a l l - e l e c t r i c i n s t r u m e n t a t i o n i n t h e s a f e t y s y s t e m . A i r 

f o r t h e s e r v o c h a n n e l s i s n o r m a l l y s u p p l i e d f r o m t h e i n s t r u m e n t a i r 

s y s t e m , v i a i n d i v i d u a l r e s e r v o i r s ; t h e r e s e r v o i r s s h a r e a n e m e r g e n c y 

c o m p r e s s o r whose power s u p p l y i s b a c k e d up by a d i e s e l - g e n e r a t o r . 

T h e t e s t i n g and t w o - o u t - o f - t h r e e o u t p u t f e a t u r e s b u i l t i n t o t h e 

s a f e t y s y s t e m e n a b l e v i r t u a l l y c o m p l e t e r o u t i n e c h e c k i n g o f t h e s y s t e m 
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p e r f o r m a n c e , i n c l u d i n g t h e s e n s o r s , b e f o r e and d u r i n g o p e r a t i o n o f t h e 

r e a c t o r . T h e r e a r e o n l y a f e w i n s t a l l e d a r r a n g e m e n t s s p e c i f i c a l l y f o r 

t e s t i n g t h e s e r v o c o u n t - r a t e s y s t e m s ; h o w e v e r , t h e r e s p o n s e o f t h e s e 

s y s t e m s t o c e r t a i n o p e r a t i o n s o f t h e m a n u a l c o n t r o l s a f f o r d s some i n d i -

c a t i o n o f t h e i r p e r f o r m a n c e . 

C o n t i n u o u s m o n i t o r i n g o f e s s e n t i a l f u n c t i o n s o f t h e s y s t e m s i s 

p r o v i d e d d i r e c t l y by s p e c i a l c o n t r o l p e r m i s s i v e c i r c u i t r y , a l a r m s , and 

i n d i c a t o r l i g h t s . A d d i t i o n a l m o n i t o r i n g i s e f f e c t e d t h r o u g h c e r t a i n 

f a i l - s a f e f e a t u r e s and p r o v i s i o n s f o r o b s e r v i n g a g r e e m e n t among t h e 

v a r i o u s r e a d o u t s . 

A l t h o u g h p o r t i o n s o f e a c h o f t h e s y s t e m s a r e d e a c t i v a t e d a u t o m a t i -

c a l l y when t h e r e a c t o r i s s h u t down, t h e r e i s no e x p l i c i t p r o v i s i o n f o r 

" t u r n i n g o f f " a n y o f t h e s y s t e m s . When i t becomes n e c e s s a r y t o d e -

e n e r g i z e any o f t h e e q u i p m e n t , t h i s may be a c c o m p l i s h e d on a l a r g e s c a l e 

by i n t e r r u p t i n g t h e a p p r o p r i a t e power s u p p l y b u s ( e s ) , o r t o a l i m i t e d 

e x t e n t by r e m o v i n g m o d u l e s f r o m t h e c a b i n e t s . 

3 . 2 . 3 Shim p l a t e s , d r i v e s , and d r i v e - m o t o r c o n t r o l s 

T h e c o n t r o l e l e m e n t s c o n s i s t o f two v e r t i c a l c o n c e n t r i c c y l i n e r s , 

l o c a t e d i n t h e a n n u l u s b e t w e e n t h e f u e l and r e f l e c t o r r e g i o n s i n t h e 

c o r e . T h e o u t e r c y l i n d e r i s d i v i d e d i n t o f o u r q u a d r a n t s , w h i c h w i t h -

d r a w u p w a r d ; t h e s e a r e r e f e r r e d t o as s h i m - s a f e t y p l a t e s N o s . 1 t h r o u g h 

4 . The. i n n e r e l e m e n t i s a c y l i n d e r , w h i c h w i t h d r a w s d o w n w a r d , and i s 

c a l l e d t h e s h i m — r e g u l a t i n g c y l i n d e r o r t h e N o . 5 c y l i n d e r . The p o i s o n 

c o n t e n t i s g r a d u a t e d , t o some e x t e n t , a l o n g t h e l e n g t h o f t h e c y l i n d e r s , 

so t h a t min imum c o r e r e a c t i v i t y ( g r e a t e s t p o i s o n v a l u e ) i s e f f e c t i v e 

when t h e c y l i n d e r s a r e f u l l y i n s e r t e d . I n t h e i r f u l l y w i t h d r a w n p o s i -

t i o n s , a b o u t 6 8 . 6 cm ( 2 7 i n . ) f r o m t h e r e s p e c t i v e s e a t s , t h e i n n e r and 

o u t e r c y l i n d e r s s t i l l o v e r l a p i n t h e c o r e a n n u l u s b u t p r e s e n t a minimum 

p o i s o n e f f e c t . I n o r d e r t o s e c u r e v e r t i c a l f l u x s y m m e t r y i n t h e r e a c t o r 
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c o r e , i t i s n e c e s s a r y t h a t t h e p l a t e d r i v e mechan isms p o s i t i o n t h e p l a t e s 

s y m m e t r i c a l l y . 

T h e i n n e r c y l i n d e r i s s o l i d l y a t t a c h e d t o i t s d r i v e s h a f t , w h i c h 

e x t e n d s t h r o u g h a s e a l i n t h e r e a c t o r v e s s e l t o t h e s u b p i l e room ( F i g . 

3 . 2 ) . The s h a f t i s p o s i t i o n e d by b o t h s h i m and s e r v o d r i v e s , t h e f o r m e r 

b e i n g a m o t o r - d r i v e n l e a d s c r e w , and t h e l a t t e r a m o v a b l e p l a t f o r m upon 

w h i c h t h e s h i m d r i v e a s s e m b l y i s s u p p o r t e d . A h y d r a u l i c p r e s s u r e -

b a l a n c e c y l i n d e r a c t s d i r e c t l y upon t h e N o . 5 c y l i n d e r d r i v e s h a f t , 

r e l i e v i n g b o t h d r i v e mechan isms o f much o f t h e l o a d i n g w h i c h r e s u l t s 

f r o m w e i g h t and f r o m c o r e c o o l i n g w a t e r f l o w f r i c t i o n and p r e s s u r e 

f o r c e s . I n t h e e v e n t o f f a i l u r e o f t h e l e a d s c r e w , t h e p r e s s u r e - b a l a n c e 

c y l i n d e r a c t s as a d a s h p o t t o l i m i t t h e r a t e a t w h i c h t h e N o . 5 c y l i n d e r 

i s f o r c e d o u t of t h e c o r e . 

T h e o u t e r c y l i n d e r q u a d r a n t s e c t i o n s a t t a c h t o i n d i v i d u a l d r i v e 

s h a f t s by means o f b a l l l a t c h e s , w h i c h a r e a p a r t o f t h e s a f e t y s y s t e m 

( F i g . 3 . 3 ) . The d r i v e s h a f t s e x t e n d t h r o u g h s e a l s i n t h e r e a c t o r v e s s e l 

t o t h e i r l e a d - s c r e w p o s i t i o n i n g mechanisms i n t h e s u b p i l e room. Push 

r o d s t o c o n t r o l t h e s a f e t y - r e l e a s e b a l l l a t c h e s o p e r a t e i n s i d e t h e 

h o l l o w d r i v e s h a f t s , t e r m i n a t i n g a t t h e m a g n e t s w h i c h a r e a t t a c h e d t o 

t h e l o w e r ends o f t h e d r i v e s h a f t s . 

R e v e r s i b l e ac e l e c t r i c m o t o r s n o r m a l l y a c t u a t e t h e s h f ^ d r i v e l e a d 

s c r e w s , p r o v i d i n g p l a t e m o t i o n a t t h e r a t e o f a p p r o x i m a t e l y 15 cm ( 6 i n . ) 

p e r m i n u t e . T h e l e a d s c r e w s f o r t h e q u a d r a n t p l a t e s a l s o can be d r i v e n 

i n t h e i n s e r t d i r e c t i o n by a i r m o t o r s , a t p l a t e s p e e d s o f 127 cm ( a p p r o x -

i m a t e l y 50 i n . ) p e r m i n u t e . T h e e l e c t r i c and t h e a i r m o t o r d r i v i n g e a c h 

q u a d r a n t p l a t e a r e g e a r e d t o g e t h e r and can o p e r a t e s i m u l t a n e o u s l y ; 

h o w e v e r , n e i t h e r c a n be b a c k d r i v e n by i t s o p p o s i t e t h r o u g h t h e g e a r s . 

T h e p l a t f o r m d r i v e o f t h e N o . 5 s h i m - r e g u l a t i n g c y l i n d e r i s d u s c u s s e d 

w i t h t h e s e r v o s y s t e m . 
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F i g . 3 . 2 . C o n t r o l p l a t e d r i v e s . 
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The sh im d r i v e e l e c t r i c m o t o r s a r e e n e r g i z e d f r o m r e v e r s i n g s t a r t e r s , 

t h e a c t i o n o f w h i c h r e p r e s e n t s t h e p r i m a r y o u t p u t f u n c t i o n o f t h e c o n t r o l 

s y s t e m . S o l e n o i d v a l v e s a d m i t i n s t r u m e n t a i r t o t h e a i r m o t o r s when 

e n e r g i z e d f r o m t h e c o n t r o l s y s t e m . 

A k e y - o p e r a t e d l o c k o u t d e v i c e i s p r o v i d e d f o r e a c h e l e c t r i c s h i m 

m o t o r . The d e v i c e s d i s c o n n e c t m o t o r l e a d s and m e c h a n i c a l l y p r e v e n t 

r o t a t i o n o f t h e m o t o r s h a f t s . 

3 . 2 . 4 R e a c t o r c o n t r o l s y s t e m 

T h e c o n t r o l s y s t e m i s e s s e n t i a l l y a s w i t c h i n g m a t r i x , i n t e n d e d t o 

p o s i t i o n t h e p l a t e s h i m d r i v e s a u t o m a t i c a l l y u n d e r many r e a c t o r o p e r a t -

i n g c o n d i t i o n s and by m a n u a l c o n t r o l o r w i t h o p e r a t o r p e r m i s s i o n u n d e r 

o t h e r c o n d i t i o n s . A b l o c k d i a g r a m o f t h e c o n t r o l s y s t e m i s shown on 

F i g . 3 . 4 . N o r m a l r e q u e s t s f o r p l a t e w i t h d r a w a l o r i n s e r t i o n a r e d e v e l -

oped by " A u t o Sh im" l i m i t s w i t c h e s on t h e r e g u l a t i n g d r i v e o f t h e N o . 5 

c y l i n d e r , o r by m a n u a l c o n t r o l s on t h e c o n s o l e . T h e l i m i t s w i t c h e s a r e 

a c t u a t e d w h e n e v e r t h e r e g u l a t i n g d r i v e p a s s e s b e y o n d i t s o p t i m u m r a n g e 

i n a t t e m p t i n g t o s a t i s f y s e r v o demands f o r r e a c t i v i t y c h a n g e . I n s e r t 

r e q u e s t s , w h e t h e r " n o r m a l " o r o r i g n i a t e d by " r e v e r s e " c i r c u i t r y , a r e 

a l w a y s g r a n t e d , p r o v i d e d t h e d r i v e s a r e o p e r a b l e and n o t a l r e a d y f u l l y 

i n s e r t e d . W i t h d r a w a l r e q u e s t s f r o m t h e l i m i t s w i t c h e s a r e s a t i s f i e d 

c o n d i t i o n a l l y d u r i n g Mode 1 s t a r t u p , w h i c h i s a u t o m a t i c up t o 10 MW o f 

r e a c t o r p o w e r . I n Modes 2 and 3 , t h e a u t o m a t i c w i t h d r a w r e q u e s t s a r e 

n o t r e c o g n i z e d , and a l l s h i m w i t h d r a w a l i s by d i r e c t - m a n u a l c o n t r o l . I n 

Mode 1 - Run , e a c h w i t h d r a w a l i s i n i t i a t e d w i t h o p e r a t e r p e r m i s s i o n and 

t h e r e a f t e r i s a u t o m a t i c a l l y c o n t r o l l e d . The m a n u a l c o n t r o l s s e r v e a l s o 

f o r t r i m m i n g o p e r a t i o n s t o a d j u s t and b a l a n c e t h e p l a t e p o s i t i o n s . 



F i g . 3.4. B l o c k d i a g r a m o f c o n t r o l s y s t e m . 
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The c o u n t - r a t e s y s t e m and a u x i l i a r y r e l a y i n g i n t h e s a f e t y and s e r v o 

s y s t e m s p e r m i t o r i n h i b i t c o n t r o l p l a t e w i t h d r a w a l , o r i n i t i a t e p l a t e 

i n s e r t i o n , as r e q u i r e d . O t h e r components o f t h e c o n t r o l s y s t e m i t s e l f 

a u t o m a t i c a l l y r e g u l a t e p l a t e w i t h d r a w a l . T h e m a t r i x i s so a r r a n g e d t h a t 

o n l y t h o s e r e s t r i c t i o n s a p p r o p r i a t e t o t h e "Mode" o f r e a c t o r o p e r a t i o n 

a r e e f f e c t i v e . D e t a i l s o f t h e c o n t r o l s y s t e m f u n c t i o n s a r e p r e s e n t e d 

b e l o w , a r r a n g e d g e n e r a l l y as t h e y a r e e n c o u n t e r e d i n t h e o p e r a t i o n o f 

t h e r e a c t o r . 

C o n t r o l s y s t e m p r e p a r a t i o n , o p e r a t i n g mode s e l e c t i o n , and a u t o m a t i c 

r e a c t o r s t a r t u p . 

1 . Key s w i t c h ( S - l ) 

P r o v i d e s a d m i n i s t r a t i v e c o n t r o l o v e r r e a c t o r o p e r a t i o n ; i n 

t h e " O f f " p o s i t i o n , t h e k e y s w i t c h p r e v e n t s a l l w i t h d r a w a l o f 

c o n t r o l p l a t e s b u t does n o t p r e v e n t t e s t w i t h d r a w a l o f t h e 

s h i m - s a f e t y p l a t e d r i v e s ; a l s o i n t h e " O f f " p o s i t i o n , p r e v e n t s 

m a g n e t a m p l i f i e r s f r o m b e i n g e n e r g i z e d . 

2 . Mode s w i t c h ( S - 2 2 ) 

I n v o k e s c o n t r o l a c t i o n s and r e s t r i c t i o n s g o v e r n i n g r e a c t o r 

o p e r a t i o n , a p p r o p r i a t e t o t h e " m o d e . " "Mode 1" p o s i t i o n i s f o r 

i n t e n d e d a u t o m a t i c s t a r t u p t o 10 MW o f power ( N ^ ) > and s u b -

s e q u e n t a u t o m a t i c p r o g r e s s i o n t o and o p e r a t i o n a t any power 

l e v e l s e t i n t o t h e s e r v o s y s t e m , up t o 100 MW. "Mode 2" p o s i -

t i o n i s f o r i n t e n d e d m a n u a l l y - c o n t r o l l e d o p e r a t i o n , a t l o w 

p o w e r l e v e l s c o n s i s t e n t w i t h t h e c o n d i t i o n s o f r e a c t o r v e s s e l 

o p e n or s e a l e d c l o s e d , and a t l e a s t a minimum c i r c u l a t i o n o f 

p r i m a r y c o o l a n t . "Mode 3" p o s i t i o n i s f o r i n t e n d e d m a n u a l l y -

c o n t r o l l e d o p e r a t i o n , a t power l e v e l s p e r m i s s i b l e w i t h t h e 

r e a c t o r v e s s e l open and w i t h no c o o l a n t f l o w . 
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S t a r t r e q u e s t p u s h b u t t o n s w i t c h ( S - 2 ) 

P l a c e s t h e c o n t r o l s y s t e m i n " S t a r t R e q u e s t " c o n d i t i o n , 

f r o m w h i c h a u t o m a t i c s t a r t u p o r p e r m i s s i o n f o r m a n u a l l y -

c o n t r o l l e d p l a t e w i t h d r a w a l w i l l d e v e l o p a u t o m a t i c a l l y as 

d e s c r i b e d b e l o w . 

A u t o m a t i c c o n t r o l a c t i o n s f o r Mode 1 s t a r t 

a . When " S t a r t R e q u e s t " c o n d i t i o n becomes e f f e c t i v e , t h e 

s e r v o r e g u l a t i n g d r i v e m o t o r s a r e t u r n e d o n , and w i l l 

r e m a i n on as l o n g as t h e c o n t r o l s y s t e m i s i n " S t a r t 

R e q u e s t , " " S t a r t , " o r "Run" c o n d i t i o n . 

b . W h e n e v e r t h e r e a c t o r i s s h u t down, t h e demand s e t t i n g s i n 

a l l t h r e e s e r v o c h a n n e l s a u t o m a t i c a l l y p r o c e e d t o t h e i r 

min imum l e v e l s o f 10 MW. S i n c e t h i s v a l u e i s g r e a t e r t h a n 

t h e a c t u a l power ( 0 MW) , t h e e r r o r i n e a c h s e r v o c h a n n e l 

w i l l r e q u e s t f u l l - s p e e d w i t h d r a w a l o f N o . 5 c y l i n d e r by 

t h e r e g u l a t i n g ( p l a t f o r m ) d r i v e . When " S t a r t R e q u e s t " 

c o n d i t i o n t u r n s on t h e r e g u l a t i n g d r i v e m o t o r s , t h e y w i l l , 

t h e r e f o r e , w i t h d r a w t h e s h i m r e g u l a t i n g c y l i n d e r t o t h e 

e x t e n t o f t h e l i m i t e d r e g u l a t i n g d r i v e r a n g e . A s e q u e n c e 

o f c o n t a c t s r e p r e s e n t i n g c o m p l e t i o n o f t h e a b o v e a c t i o n s 

( i . e . , t h r e e demand s e t t i n g s , t h r e e w i t h d r a w e r r o r s , 

" S t a r t R e q u e s t " i n e f f e c t , and r e g u l a t i n g d r i v e f u l l y 

w i t h d r a w n ) , c o n s t i t u t e s a p e r m i s s i v e c i r c u i t c o n d i t i o n t o 

t h e c o n t r o l s y s t e m e n t e r i n g " S t a r t " s t a t e . 

c . When t h e p e r m i s s i v e s i n ( b ) a b o v e a r e a l l s a t i s f i e d , p r o -

v i d e d t h e c o n t r o l s y s t e m i s n o t i n "Run" c o n d i t i o n , t h e 

c o n t r o l s y s t e m w i l l a u t o m a t i c a l l y e n t e r " S t a r t " c o n d i t i o n ; 

" S t a r t R e q u e s t " t h e n d r o p s o u t . " S t a r t " c o n d i t i o n r e m a i n s 



3-16 

i n e f f e c t u n t i l e i t h e r ( a ) s y s t e m e n t e r s "Run" c o n d i t i o n , 

o r ( b ) k e y s w i t c h i s t u r n e d o f f . 

E f f e c t i n g " S t a r t " c o n d i t i o n i n i t i a t e s a u t o m a t i c g r o u p 

w i t h d r a w a l o f a l l p l a t e s v i a t h e i r s h i m d r i v e s . 

Group w i t h d r a w a l p r o c e e d s c o n t i n u o u s l y , s u b j e c t t o 

r e s t r i c t i o n s f r o m t h e c o u n t - r a t e and s e r v o s y s t e m s . A t 

l e a s t two c o u n t - r a t e c h a n n e l s must s i g n a l " C o n f i d e n c e . " 

" C o n f i d e n c e " s i g n i f i e s t h a t t h e c o u n t - r a t e m e t e r i s 

s w i t c h e d t o " U s e " mode, t h e f i s s i o n chamber i s on a u t o -

m a t i c s e r v o p o s i t i o n c o n t r o l , and m e a s u r e d c o u n t s a r e a t 

a r a t e g r e a t e r t h a n 10 T ^ r s e c o n d and l e s s t h a n 5 0 , 0 0 0 p e r 

s e c o n d . A t l e a s t two s e r v o c h a n n e l s must s i g n a l t h a t 

p o w e r i s i n c r e a s i n g a t a r s . t e l e s s t h a n 5 MW p e r s e c o n d . 

A l l t h r e e c o u n t - r a t e m e t e r s must s i g n a l p e r i o d s g r e a t e r 

t h a n 30 s e c o n d s . 

G r o u p w i t h d r a w a l n o r m a l l y c o n t i n u e s a u t o m a t i c a l l y u n t i l 

t h e s e r v o s y s t e m r e c o g n i z e s a r e s e t f l u x s i g n a l e q u i v a l e r . _ 

t o r e a c t o r power o f 10 MW. A t t h a t p o i n t t h e s e r v o demand 

s e t t i n g i s s a t i s f i e d and t h e s e r v o m o t o r s o p e r a t e t h e 

r e g u l a t i n g d r i v e I n t h e d i r e c t i o n t o i n s e r t N o . 5 c y l i n d e r . 

C o n s e q u e n t l y , t h e r e g u l a t i n g d r i v e w i l l no l o n g e r r e m a i n 

a t i t s w i t h d r a w l i m i t , and t h e l i m i t s w i t c h w i l l no l o n g e r 

g r a n t p e r m i s s i o n f o r f u r t h e r p l a t e w i t h d r a w a l by s h i m 

a c t i o n . N o t e t h a t t h e a c t u a l r e a c t o r power ( h e a t p o w e r ) 

l a g s t h e r e s e t f l u x , due t o a c t i o n o f t h e r e s e t m e c h a n i s m 

( S e c t i o n 3 . 2 . 5 ) . 

A u t o m a t i c " R e v e r s e " o r a n y m a n u a l r e q u e s t f o r p l a t e I n -

s e r t i o n w i l l o v e r r i d e a l l s h i m w i t h d r a w a l r e q u e s t s . The 

a u t o m a t i c " R e v e r s e " i s d e s c r i b e d u n d e r " A u t o m a t i c R e v e r s e 

F e a t u r e s . " 
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5 . P l a t e a c t u a t e s w i t c h ( S - 7 ) , p u s h - p u l l m o t i o n o f h a n d l e 

I n " p u l l e d " p o s i t i o n , a l l p l a t e w i t h d r a w a l s by s h i m d r i v e s 

a r e p r e v e n t e d . T h i s f e a t u r e i s p r o v i d e d e x p r e s s l y f o r m a n u a l 

i n t e r r u p t i o n o f t h e Mode 1 a u t o m a t i c s h i m w i t h d r a w a l s , w h e t h e r 

t h e c o n t r o l s y s t e m i s i n " S t a r t " o r "Run" c o n d i t i o n . 

6 . A u t o m a t i c c o n t r o l a c t i o n s p r e p a r a t o r y t o Modes 2 and 3 

o p e r a t i o n 

a . " S t a r t R e q u e s t " becomes e f f e c t i v e when t h e p u s h b u t t o n i s 

d e p r e s s e d . A l t h o u g h t h e r e a r e no e x p l i c i t r e q u i r e m e n t s 

f o r a n y c o o l a n t pumps t o be i n o p e r a t i o n t o o b t a i n " S t a r t 

R e q u e s t , " i t i s n e c e s s a r y i n Mode 2 t o h a v e s u f f i c i e n t 

p r i m a r y l o o p f l o w t o p r e v e n t t h e s a f e t y " L o w - L o w - F l o w " 

e l e m e n t s f r o m c a u s i n g s a f e t y t r i p a c t i o n . 

b . " S t a r t R e q u e s t " l e a d s t o " S t a r t " c o n d i t i o n o f t h e c o n t r o l 

s y s t e m e x a c t l y a s f o r Mode 1 . I n " S t a r t " c o n d i t i o n , t h e 

c o n t r o l s y s t e m i s p r e p a r e d f o r a l l s u b s e q u e n t l y m a n u a l l y -

c o n t r o l l e d o p e r a t i o n . I t i s n o t n e c e s s a r y t h a t t h e 

f i s s i o n c h a m b e r s be on a u t o m a t i c c o n t r o l t o o b t a i n c o u n t -

r a t e " C o n f i d e n c e . " 

R e a c t o r n o r m a l o p e r a t i o n a b o v e 10 MW i n Mode 1 . 

1 . Run r e q u e s t p u s h b u t t o n s w i t c h ( S - 3 ) 

R e q u e s t s t r a n s f e r o f t h e c o n t r o l s y s t e m f r o m " S t a r t " t o 

" R u n " c o n d i t i o n , p r e p a r a t o r y t o r a i s i n g power a b o v e 10 MW i n 

Mode 1 . 

2 . A u t o m a t i c c o n t r o l a c t i o n s p r e p a r a t o r y t o r a i s i n g power a b o v e 

1 0 MW i n Mode 1 

a . C o m p l e t i o n o f t h e Mode 1 a u t o m a t i c s t a r t u p i s i n t e n d e d t o 

s a t i s f y t h e r e q u i r e m e n t s f o r t r a n s f e r r i n g t o "Run" c o n -

d i t i o n . T h e r e q u i r e m e n t s a r e ( a ) a n a u x i l i a r y r e l a y i n 
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e a c h o f t h e t h r e e s a f e t y c h a n n e l s i g n a l s t h a t t h e c h a n n e l 

r e c o g n i z e s r e a c t o r h e a t power i n e x c e s s o f 5 MW, ( b ) r e g u -

l a t i n g d r i v e o f N o . 5 c y l i n d e r i s n o t a t i t s w i t h - d r a w 

l i m i t , and ( c ) a l l t h r e e c o u n t - r a t e c h a n n e l s r e c o g n i z e 

p r a c t i c a l l y " i n f i n i t e p e r i o d . " I f t h e a b o v e q u a l i f i c a -

t i o n s a r e f u l f i l l e d , t h e c o n t r o l s y s t e m w i l l t r a n s f e r f r o m 

" S t a r t " t o "Run" c o n d i t i o n when t h e r u n r e q u e s t p u s h b u t t o n 

i s d e p r e s s e d . 

b . H a v i n g e n t e r e d "Run" c o n d i t i o n , t h e c o n t r o l s y s t e m w i l l 

r e m a i n so u n t i l any one o f t h e f o l l o w i n g a c t i o n s c a u s e i t 

t o d r o p o u t : ( a ) k e y s w i t c h t u r n e d " O f f ; " ( b ) mode s w i t c h 

t u r n e d t o "Mode 2" o r "Mode 3 ; " ( c ) "Sag" o c c u r s , w h e r e b y 

two o f t h e t h r e e c o u n t - r a t e c h a n n e l s f a i l t o r e c o g n i z e 

c o r e power g r e a t e r t h a n 300 kW and t h e h e a t power a u x i l i a r y 

r e l a y s i n two o f t h e t h r e e s a f e t y c h a n n e l s f a i l t o r e c o g -

n i z e c o r e power g r e a t e r t h a n 5 MW. 

3 . C o n t r o l o f power a b o v e 10 MW 

a . Power demand i n s t r u c t i o n s a r e m a n u a l l y s e t i n t o t h e s e r v o 

s y s t e m ( s e e " S e r v o S y s t e m " d e s c r i p t i o n , S e c t i o n 3 . 2 . 5 ) . 

b . S e r v o s y s t e m w i t h d r a w s o r i n s e r t s r e g u l a t i n g d r i v e o f N o . 

5 c y l i n d e r . 

c . When r e g u l a t i n g d r i v e r e a c h e s " A u t o S h i m W i t h d r a w " o r 

" A u t o S h i m I n s e r t " l i m i t s , a p p r o p r i a t e g r o u p s h i m a c t i o n 

i s r e q u e s t e d . I n s e r t r e q u e s t s a r e a l w a y s e f f e c t i v e . 

W i t h d r a w r e q u e s t s can I n i t i a t e g r o u p s h i m w i t h d r a w a l o n l y 

i f t h e s h i m c o m p u t e r bypass s w i t c h i s p l a c e d i n " B y p a s s . " 

T h i s s w i t c h i s s p r i n g - r e t u r n t o " O f f , " and need o n l y be 



3-19 

p l a c e d m o m e n t a r i l y t o t h e i n d i c a t e d p o s i t i o n s t o s e t up a 

s h i m w i t h d r a w r e q u e s t l a t c h i n g c i r c u i t ( r e l a y K - 5 1 2 ) . 

Once i n i t i a t e d , as j u s t d e s c r i b e d , " c o n t i n u o u s " w i t h d r a w a l 

w i l l p r o c e e d , s u b j e c t t o t e m p o r a r y i n t e r r u p t i o n by ( a ) a n y 

m a n u a l o r a u t o m a t i c i n s e r t r e q u e s t , ( b ) when two s e r v o 

c h a n n e l s s i g n a l t h a t n e u t r o n f l u x i s i n c r e a s i n g a t a r a t e 

e x c e e d i n g 5 MW p e r s e c o n d , ( c ) p l a t e a c t u a t e s w i t c h 

" p u l l e d " t o b l o c k w i t h d r a w a l , o r ( d ) a n y one c o u n t r a t e 

p e r i o d s h o r t e r t h a n 30 s e c o n d s . Such i n t e r r u p t i o n s do n o t 

c a n c e l t h e l a t c h e d - i n w i t h d r a w r e q u e s t , and hence do n o t 

t e r m i n a t e t h e w i t h d r a w a l . T h e w i t h d r a w a l i s n o r m a l l y t e r -

m i n a t e d o n l y by t h e r e g u l a t i n g d r i v e i n s e r t i n g u n t i l t h e 

" A u t o S h i m W i t h d r a w " c o n d i t i o n i s c l e a r e d . The c o n d i t i o n s 

o f s e r v o s y s t e m r e q u e s t i n g w i t h d r a w and no p e r m i s s i o n 

g r a n t e d v i a t h e bypass s w i t c h i s a n n u n c i a t e d . 

Shim c o m p u t e r bypass s w i t c h ( S - 1 8 ) 

A l l o w s o p e r a t o r t o e n t e r p e r m i s s i o n i n t o t h e c o n t r o l 

s y s t e m f o r a u t o m a t i c sh imming t o p r o c e e d . 

Group s e r v o demand ( S - l l ) 

( D e s c r i b e d more c o m p l e t e l y u n d e r " S e r v o S y s t e m . " ) 

P l a t e a c t u a t e s w i t c h ( S - 7 ) 

P u s h - p u l l o p e r a t i o n h a n d l e i s i n t e n d e d f o r m a n u a l b l o c k i n g 

o f a u t o m a t i c s h i m w i t h d r a w a l i n Mode 1 . B l o c k i n g i s e f f e c t e d 

when t h e h a n d l e i s i n t h e " p u l l e d " p o s i t i o n . R o t a r y p o s i t i o n s 

o f t h e h a n d l e c a l l f o r a c t u a t i o n o f t h e s h i m d r i v e s ; " F a s t 

I n s e r t " a u t o m a t i c a l l y a f f e c t s t h e g r o u p o f f i v e and " A i r M o t o r 

I n s e r t " a f f e c t s t h e f o u r s h i m - s a f e t y p l a t e s , w h i l e t h e o t h e r 
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p o s i t i o n s a f f e c t e i t h e r i n d i v i d u a l d r i v e s o r t h e g r o u p as 

s e l e c t e d by t h e s h i m r o d d r i v e s e l e c t o r s w i t c h ( S - 8 ) , I n s e r t 

r e q u e s t s may be made r e g a r d l e s s o f w h e t h e r t h e h a n d l e i s 

" p u s h e d i n " o r " p u l l e d o u t , " and t a k e p r e c e d e n c e o v e r a u t o m a t i c 

s h i m w i t h d r a w a l r e q u e s t . W i t h d r a w r e q u e s t s a r e p r e v e n t e d by a 

m e c h a n i c a l s t o p when t h e h a n d l e i s i n " p u l l e d " ( " b l o c k " ) p o s i -

t i o n . U n d e r n o r m a l "Mode 1 - Run" c o n d i t i o n s , t h i s s w i t c h i s 

i n t e n d e d p r i m a r i l y f o r p l a t e p o s i t i o n b a l a n c i n g o r t r i m m i n g 

o p e r a t i o n s . T h e w i t h d r a w s e t t i n g s o f t h e s w i t c h h a v e no e f f e c t 

when t h e c o n t r o l s y s t e m i s i n "Mode 1 - S t a r t " c o n d i t i o n . 

T h e r e a r e no o t h e r r e s t r i c t i o n s on m a n u a l w i t h - d r a w r e q u e s t s , 

e x c e p t t h a t a u t o m a t i c r e v e r s e f e a t u r e s a l w a y s t a k e p r e c e d e n c e . 

T h e s e a r e d e s c r i b e d u n d e r " A u t o m a t i c R e v e r s e F e a t u r e s . " 

7 . S h i m p l a t e d r i v e s e l e c t o r ( S - 8 ) 

S e l e c t s t h e i n d i v i d u a l p l a t e , p l a t e s I t h r o u g h 4 , o r t h e 

e n t i r e g r o u p o f f i v e p l a t e s , t o be a c t u a t e d by s w i t c h S - 7 

d e s c r i b e d a b o v e . T h i s s w i t c h has no e f f e c t when " F a s t I n s e r t " 

o r " A i r M o t o r I n s e r t i s r e q u e s t e d by s w i t c h S - 7 . 

R e a c t o r n o r m a l o p e r a t i o n i n modes 2 and 3 . ( C o n t r o l s y s t e m p r e p a r e d 

as d e s c r i b e d a b o v e , see " A u t o m a t i c C o n t r o l A c t i o n s P r e p a r a t o r y t o Modes 

2 a n d 3 o p e r a t i o n . " ) 

1 . P l a t e a c t u a t e s w i t c h ( S - 7 ) 

I n a d d i t i o n t o t h e " B l o c k " and t r i m m i n g o p e r a t i o n s 

d e s c r i b e d a b o v e f o r Mode 1 , s w i t c h S - 7 i s i n t e n d e d t o i n i t i a t e 

a l l n o r m a l s h i m a c t u a t i o n s o f t h e p l a t e s i n Modes 2 and 3 . 

S i n c e t h e r e i s no a u t o m a t i c s h i m w i t h d r a w a l i n Modes 2 and 3 , 

t h e " B l o c k " ( p u l l e d p o s i t i o n ) f u n c t i o n i s r e d u n d a n t . I n s e r t 
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r e q u e s t s , by r o t a r y p o s i t i o n o f h a n d l e , a r e e f f e c t e d w i t h o u t 

r e s t r i c t i o n . W i t h d r a w r e q u e s t s a r e e f f e c t i v e s u b j e c t t o t h e 

f o l l o w i n g p e r m i s s i v e s , w h i c h a r e a l s o among t h o s e i m p o s e d f o r 

Mode 1 a u t o m a t i c s t a r t u p : ( a ) a l l c o u n t r a t e p e r i o d s g r e a t e r 

t h a n 30 s e c o n d s ; ( b ) a t l e a s t two c o u n t - r a t e c h a n n e l s must 

s i g n a l " C o n f i d e n c e ; " " C o n f i d e n c e " s i g n i f i e s t h a t t h e c o u n t - r a t e 

m e t e r i s s w i t c h e d t o "Use" mode and m e a s u r e d c o u n t s a r e a t a 

r a t e g r e a t e r t h a n 10 p e r s e c o n d and l e s s t h a n 5 0 , 0 0 0 p e r 

s e c o n d ; and ( c ) a t l e a s t two s e r v o c h a n n e l s must s i g n a l t h a t 

power i s i n c r e a s i n g a t a r a t e l e s s t h a n 5 MW p e r s e c o n d . " F a s t 

I n s e r t " r e q u e s t by t h e s w i t c h a f f e c t s a l l f i v e p l a t e s h i m d r i v e s 

and " A i r M o t o r I n s e r t " r e q u e s t a f f e c t s a l l f o u r s h i m - s a f e t y 

p l a t e s . The o t h e r d r i v e a c t u a t i o n r e q u e s t s a f f e c t i n d i v i d u a l 

p l a t e s o r t h e g r o u p o f f i v e , as s e l e c t e d by s w i t c h S - 8 . 

2 . Shim p l a t e d r i v e s e l e c t o r ( S - 8 ) 

S e l e c t s t h e i n d i v i d u a l p l a t e , p l a t e s 1 t h r o u g h 4 , o r t h e 

e n t i r e g r o u p of f i v e p l a t e s , t o be a c t u a t e d by s w i t c h S - 7 

d e s c r i b e d above ( i . e . , same f u n c t i o n as i n "Mode 1 - R u n " ) . 

S w i t c h has no e f f e c t when s w i t c h S - 7 r e q u e s t s " F a s t I n s e r t " o r 

" A i r M o t o r I n s e r t . " 

A u t o m a t i c s e t b a c k . S e t b a c k i s a n a u t o m a t i c r e d u c t i o n i n s e r v o power 

demand , as d e s c r i b e d u n d e r " S e r v o S y s t e m . " T h e s e r v o s y s t e m a t t e m p t s t o 

s a t i s f y a u t o m a t i c demand r e d u c t i o n s I n t h e same manner as m a n u a l r e d u c -

t i o n s , by r e g u l a t i n g d r i v e a c t i o n a p p l i e d t o t h e N o . 5 c y l i n d e r . 

S u p p l e m e n t a r y s h i m i n s e r t i o n i s r e q u e s t e d when t h e r e g u l a t i n g d r i v e 

r e a c h e s t h e " A u t o Sh im I n s e r t " l i m i t . The " P l a t e A s y m m e t r y " f e a t u r e o f 

t h e c o n t r o l s y s t e m i n i t i a t e s s e t b a c k and l o c k s t h e demand a t 10 MW. 

T h i s f e a t u r e i s a c o m p a r i s o n n e t w o r k w h i c h r e c o g n i z e s ( a ) a n y q u a d r a n t 
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p l a t e i s w i t h d r a w n more t h a n 3 . 0 5 cm ( 1 . 2 i n . ) f u r t h e r t h a n a n y o t h e r 

q u a d r a n t p l a t e , o r ( b ) t h e w i t h d r a w a l d i s t a n c e o f t h e s h i m - r e g u l a t i n g 

c y l i n d e r i s more t h a n 6 . 1 cm ( 2 . 4 i n . ) d i f f e r e n t f r o m t h a t o f a n y 

q u a d r a n t p l a t e . 

A u t o m a t i c r e v e r s e f e a t u r e s : n o r m a l s p e e d , b y e l e c t r i c s h i m d r i v e 

m o t o r s . T h e r e a r e t h r e e i d e n t i c a l " R e v e r s e C h a n n e l s " i n t h e c o n t r o l 

s y s t e m . When any two r e q u e s t r e v e r s e , g r o u p s h i m i n s e r t i o n o f a l l f i v e 

p l a t e s i s i n i t i a t e d , t a k i n g p r e c e d e n c e o v e r a n y o t h e r r e q u e s t s i n t h e 

s y s t e m . R e v e r s e r e q u e s t s do n o t s e a l i n , and t h e r e v e r s e a c t i o n t e r -

m i n a t e s when t h e i n i t i a t i n g c o n d i t i o n i s e l i m i n a t e d . E a c h r e v e r s e c h a n -

n e l may d e v e l o p i t s r e q u e s t i n r e s p o n s e t o e i t h e r o f two c o n d i t i o n s : 

( a ) i t s a s s o c i a t e d c o u n t c h a n n e l s i g n a l s p e r i o d s h o r t e r t h a n 5 s e c o n d s , 

w i t h c o n t r o l s y s t e m n o t i n "Mode 1 - Run" c o n d i t i o n , o r ( b ) c o r e power 

e x c e e d s 110% o f n o m i n a l l i m i t s a p p r o p r i a t e t o e a c h mode. F o r Mode 1 , 

t h e l a t t e r c o n d i t i o n i s s i g n a l e d f r o m e i t h e r o f two a u x i l i a r y r e l a y s i n 

t h e a s s o c i a t e d s a f e t y c h a n n e l , one r e p r e s e n t i n g " r e s e t " n e u t r o n f l u x a n d 

t h e o t h e r r e p r e s e n t i n g h e a t p o w e r . F o r Modes 2 and 3 , t h e f i r s t men-

t i o n e d r e l a y r e p r e s e n t s u n m o d i f i e d n e u t r o n f l u x , and t h e second r e l a y i s 

i n e f f e c t i v e . E a c h r e v e r s e c h a n n e l h a n d l e s t h e r e q u e s t s f r o m one s a f e t y 

c h a n n e l and one c o u n t - r a t e c h a n n e l , e . g . , r e q u e s t s o r i g i n a t i n g i n s a f e t y 

c h a n n e l No. 1 and c o u n t i n g c h a n n e l No. 1 e n t e r t h e c o n t r o l scheme v i a 

r e v e r s e c h a n n e l No . 1 . 

A u t o m a t i c r e v e r s e f e a t u r e s : f a s t s p e e d , b y a i r s h i m d r i v e m o t o r s . 

P r o v i s i o n I s made f o r f a s t i n s e r t i o n o f t h e q u a d r a n t p l a t e s , i n d e p e n d e n t 

o f t h e ac power s u p p l y , f o r two p u r p o s e s : ( a ) i n t h e e v e n t o f a s c r a m 

o r a l a t c h r e l e a s e of a s i n g l e p l a t e , t h e d r i v e ( s ) a r e i n s e r t e d t o 

r e t r i e v e t h e p l a t e ( s ) as r a p i d l y as p o s s i b l e , so t h a t x e n o n p o i s o n 

b u i l d u p w i l l n o t p r e v e n t a r e s t a r t and ( b ) i n t h e e v e n t o f f a i l u r e o f 

t h e m a i n ac power s u p p l y , t o e n a b l e p rompt r e d u c t i o n o f r e a c t o r c o r e 

p o w e r t o a l e v e l c o n s i s t e n t w i t h t h e e m e r g e n c y h e a t r e m o v a l c a p a b i l i t y 
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o f Che c o o l a n t c i r c u l a t i n g pumps. When f u n c t i o n i n g t o r e t r i e v e a d r o p p e d 

p l a t e , t h e a i r m o t o r s a r e i n d i v i d u a l l y c o n t r o l l e d . I n s e r t i o n i s begun 

when t h e c l u t c h s w i t c h s i g n a l s s e p a r a t i o n o f p l a t e and d r i v e and t h e 

s e a t s w i t c h i n d i c a t e s t h e r o d i s s e a t e d . I t c o n t i n u e s u n t i l t h e d r i v e 

r e a c h e s t h e i n s e r t l i m i t . T h e power r e d u c t i o n f u n c t i o n i s e f f e c t e d by 

g r o u p c o n t r o l o f t h e f o u r q u a d r a n t p l a t e s h i m d r i v e a i r m o t o r s . I n s e r -

t i o n i s i n i t i a t e d when a t l e a s t two s a f e t y c h a n n e l s h a v e f l u x / f l o w 

r a t i o s i n e x c e s s o f 1 , 1 and c o n t i n u e s as l o n g as t h i s c o n d i t i o n h o l d s . 

O p e r a t i o n o f t h e a i r m o t o r s i s b l o c k e d as a g r o u p by t h e r a i s e t e s t 

s w i t c h ( S - 9 ) d u r i n g t e s t o p e r a t i o n s o f o r m a i n t e n a n c e on s h i m - s a f e t y 

p l a t e d r i v e s . T h e a i r m o t o r s a r e i n d i v i d u a l l y t u r n e d o f f by a c t u a t i o n 

o f t h e s h i m d r i v e c l u t c h s w i t c h e s . C i r c u i t d e s i g n p r e v e n t s t h e a i r and 

e l e c t r i c d r i v e o f any p l a t e f r o m o p p o s i n g e a c h o t h e r . 

R e a c t o r c o n t r o l s y s t e m r e a d o u s and m a n u a l c o n t r o l s . R e a c t o r c o n t r o l 

s y s t e m r e a d o u t s and m a n u a l c o n t r o l s a r e g i v e n i n T a b l e 3 . 1 . 

P l a t e s h i m d r i v e t e s t f e a t u r e s . P r o v i s i o n i s made f o r t e s t i n g t h e 

s h i m - s a f e t y p l a t e d r i v e s , w i t h t h e r e a c t o r s h u t down and w i t h t h e p l a t e s 

s e a t e d . Shim w i t h d r a w a l o f t h e c y l i n d r i c a l p l a t e i s p r o h i b i t e d when 

u s i n g t h e r a i s e - t e s t s w i t c h . 

R a i s e - t e s t s w i t c h ( S - 9 ) 

I n " N o r m a l " p o s i t i o n , e s t a b l i s h e s n o r m a l c o n t r o l s y s t e m f u n c -

t i o n s f o r o p e r a t i o n o f t h e r e a c t o r ; i n " T e s t " p o s i t i o n , sc rams t h e 

s h i m - s a f e t y p l a t e s and p e r m i t s o p e r a t i o n o f t h e s h i m d r i v e e l e c t r i c 

m o t o r s t o be m a n u a l l y c o n t r o l l e d by t h e s h i m p l a t e a c t u a t e s w i t c h 

( S - 7 ) a n d t h e s h i m p l a t e d r i v e s e l e c t o r s w i t c h ( S - 8 ) . C h a n g i n g t h e 

r a i s e - t e s t s w i t c h f r o m " T e s t " t o " N o r m a l " p o s i t i o n w i l l a l s o i n i t i a t e 

f a s t ( a i r m o t o r ) i n s e r t i o n o f any s h i m - s a f e t y p l a t e d r i v e t h a t i s 

w i t h d r a w n . T e s t o p e r a t i o n o f t h e d r i v e s i s r e s t r i c t e d i n e i t h e r 

d i r e c t i o n o n l y by t h e i r t r a v e l l i m i t s w i t c h e s ; t e s t w i t h d r a w a l i s 

p r o h i b i t e d u n l e s s t h e p l a t e i s s e a t e d and t h e s e a t s w i t c h made u p . 



T a b l e 3 . 1 . R e a c t o r c o n t r o l s y s t e m 

I t e m D e s c r i p t i o n L o c a t i o n 

1 *Key swi tch ( S - l ) Console 

2 *Mode s e l e c t s w i t c h ( S - 2 2 ) C o n s o l e 

3 " S t a r t R e q u e s t " - I n t e g r a l C o n s o l e 
p u s h b u t t o n s w i t c h ( S - 2 ) and 
lamp 

4 " S t a r t " Lamp C o n s o l e 

5 * " S e r v o On" Lamp C o n s o l e 

6 "Run" - I n t e g r a l p u s h b u t t o n C o n s o l e 
( S - 3 ) and lamp 

7 Shim p l a t e d r i v e s e l e c t o r C o n s o l e 
s w i t c h ( S - 8 ) 

u t s and manua l c o n t r o l s 

Remarks 

M a i n a d m i n i s t r a t i v e p e r m i t f o r r e a c t o r 
o p e r a t i o n 

S e l e c t c o n t r o l f e a t u r e s and s a f e t y 
c r i t e r i a a p p r o p r i a t e t o : ( a ) Mode 1 -
n o r m a l o p e r a t i o n ; ( b ) Mode 2 - t e s t 
o p e r a t i o n , r e a c t o r v e s s e l c l o s e d ; and 
( c ) Mode 3 - t e s u o p e r a t i o n , r e a c t o r 
v e s s e l open 

S w i t c h p r e p a r e s .-oriLroX syrc.'-ns f o r o p e r -
a t i o n i n any mocie; i n i t i a t e s a u t o m a t i c 
s t a r t u p i n mode 1 . Lamp g lows w h i l e 
r e q u e s t i s i n e f f e c t , b e f o r e s y s t e m 
a c t u a l l y e n t e r s " S t a r t " c o n d i t i o n 

Glows t o i n d i c a t e t h a t c o n t r o l s y s t e m i s 
i n " S t a r t " c o n d i t i o n 

Glows t o i n d i c a t e t h a t t h e N o . 5 c y l i n d e r 
r e g u l a t i n g d r i v e s e r v o m o t o r s a r e t u r n e d 
o n , r e a d y t o r e s p o n d t o s e r v o c h a n n e l 
s i g n a l s 

S w i t c h r e q u e s t s c o n t r o l s y s t e m t o e n t e r 
"Run" c o n d i t i o n ; lamp g lows when "Run" 
c o n d i t i o n i s r e a c h e d 

S w i t c h s e l e c t s any o n e , sh im d r i v e s 1 - 4 , 
o r t h e e n t i r e g roup o f f i v e sh im d r i v e s , 
t o r e s p o n d t o a c t u a t i n g s w i t c h ( I t e m 8 ) 
r e q u e s t s 
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I t e m D e s c r i p t i o n L o c a t i o n 

8 Shim p l a t e d r i v e a c t u a t o r C o n s o l e 
s w i t c h ( S - 7 ) 

9 * R a i s e - t e s t s w i t c h ( S - 9 ) C o n s o l e 

10 P l a t e d r i v e p o s i t i o n d i a l C o n s o l e 
I n d i c a t o r s ( 5 ) 

11 P l a t e i n s e r t and w i t h d r a w C o n s o l e 
limit l i g h t s - one p a i r 
f o r each p l a t e 

12 * P l a t e s e a t lamps - one f o r C o n s o l e 
e a c h o f p l a t e s 1 - 4 

13 * P l a t e c l u t c h lamps - one C o n s o l e 
f o r e a c h of p l a t e s 1 - 4 

14 Shim compute r bypass s w i t c h C o n s o l e 
( S - 1 8 ) 

( C o n t i n u e d ) 

Remarks 

S w i t c h h a n d l e r o t a r y m o t i o n ( i n p u s h e d -
i n p o s i t i o n ) a c t u a t e s p l a t e d r i v e s 
s e l e c t e d by s e l e c t o r s w i t c h ( I t e m 7 ) . 
W i t h h a n d l e i n p u l l e d - o u t p o s i t i o n , 
s w i t c h b l o c k s a l l p l a t e w i t h d r a w a l s 
I n " T e s t " scrams r e a c t o r and p e r m i t s 
m a n u a l l y c o n t r o l l e d t e s t w i t h d r a w a l o f 
p l a t e s N o . 1 t h r o u g h 4 ( q u a d r a n t ) d r i v e s 
( p l a t e s r e m a i n s e a t e d ) 

Each i n d i c a t e s i n c h e s w i t h d r a w n f r o m 
f u l l - i n s e r t p o s i t i o n o f r e s p e c t i v e p l a t e 
d r i v e . Two p o i n t e r s , one each f o r 
c o a r s e and f i n e s c a l e s ; one c o m p l e t e 
r e v o l u t i o n o f f i n e p o i n t e r r e p r e s e n t s 
one i n c h o f t r a v e l 

I n d i c a t o r lamps g l o w when r e s p e c t i v e 
t r a v e l l i m i t s a r e r e a c h e d by p l a t e 
d r i v e s 

I n d i c a t o r lamps g low when r e s p e c t i v e 
p l a t e s a r e s e a t e d 

I n d i c a t o r lamps g low when r e s p e c t i v e 
p l a t e s a r e r e l e a s e d f r o m d r i v e s ( i . e . , 
d e - c l u t c h e d ) 

P e r m i t s a u t o m a t i c sh im w i t h d r a w a l t o be 
i n i t i a t e d 



T a b l e 3 . 1 . ( C o n t i n u e d ) 

Item D e s c r i p t i o n L o c a t i o n Remarks 

l 5 A n n u n c i a t o r p o i n t s 

A ) R e v e r s e : No. 1 C h a n n e l Ann . P a n e l B P o i n t 3 See Volume 
B ) R e v e r s e : No. 2 C h a n n e l Ann. P a n e l C P o i n t 3 P r o c e d u r e s 
C ) R e v e r s e : No. 3 C h a n n e l Ann. P a n e l D P o i n t 3 
D ) Shim r e q u e s t , no p e r m i t Ann. P a n e l C P o i n t 1 
E ) P l a t e Asymmetry Ann . P a n e l C P o i n t 10 
F ) a c c o n t r o l bus power o f f Ann. P a n e l C P o i n t 19 

A n n u n c i a t o r 

I t e m s have s a f e t y o r s e r v o s y s t e m f u n c t i o n s as w e l l as t h e i n d i c a t e d c o n t r o l f u n c t i o n s ; s a f e t y 
and s e r v o f u n c t i o n s a r e d e s c r i b e d u n d e r " S a f e t y System" and " S e r v o S y s t e m . " 
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3 . 2 . 5 S e r v o s y s t e m 

T h e t h r e e i n d e p e n d e n t s e r v o c h a n n e l s t o g e t h e r p r o v i d e t h e p r i m a r y 

a u t o m a t i c c o n t r o l o f r e a c t o r p o w e r a t l e v e l s above 10 MW. E a c h f u n c t i o n s 

e s s e n t i a l l y as a p r o p o r t i o n a l c o n t r o l l e r , c o m p a r i n g m e a s u r e d power w i t h 

demand and d e v e l o p i n g a s e r v o m o t o r s h a f t o u t p u t o f s p e e d and d i r e c t i o n 

c o r r e s p o n d i n g t o t h e d i f f e r e n c e o r " e r r o r . " T h e s e r v o m o t o r o u t p u t s a r e 

c o m b i n e d t h r o u g h d i f f e r e n t i a l g e a r s , and t h e r e s u l t a n t m o t i o n d i r e c t l y 

a p p l i e d t o t h e r e g u l a t i n g d r i v e o f t h e N o . 5 s h i m - r e g u l a t i n g ( c y l i n d r i -

c a l ) p l a t e . C o n t i n u o u s , f i n e , f a s t - r e s p o n s e a d j u s t m e n t o f c o r e r e a c -

t i v i t y i s t h u s o b t a i n e d . L i m i t s w i t c h e s on t h e r e g u l a t i n g d r i v e s e n s e 

r e q u i r e m e n t s f o r r e a c t i v i t y c h a n g e s g r e a t e r t h a n t h e amount a v a i l a b l e 

f r o m t h e s e r v o s y s t e m , and s i g n a l t h e s e n e e d s t o t h e c o n t r o l s y s t e m . 

A t r e a c t o r p o w e r l e v e l s c o n s i d e r a b l y b e l o w 1 0 MW, t h e s e r v o s y s t e m 

m e a s u r e m e n t f u n c t i o n s a r e " b l i n d , " o r n o t s u f f i c i e n t l y a c c u r a t e f o r 

c o n t r o l p u r p o s e s . C o n s e q u e n t l y , a l l r e a c t i v i t y changes i n t h e 0 t o 10 

MW r a n g e a r e a f f e c t e d by s h i m a c t i o n o n l y , u n d e r c o n t r o l o f t h e c o u n t i n g 

c h a n n e l s and c o n t r o l s y s t e m . T h e s e r v o s y s t e m m e a n w h i l e a u t o m a t i c a l l y 

h o l d s t h e r e g u l a t i n g d r i v e o f N o . 5 c y l i n d e r i n i t s f u l l y w i t h d r a w n 

p o s i t i o n . 

E a c h s e r v o c h a n n e l a l s o c o n t i n u o u s l y c o m p a r e s i t s r e a c t o r power l e v e l 

m e a s u r e m e n t w i t h a f l o w - d e r i v e d s i g n a l r e p r e s e n t i n g t h e h e a t r e m o v a l 

a b i l i t y o f t h e p r i m a r y c o o l a n t s y s t e m . S h o u l d t h e p r i m a r y c o o l a n t c i r -

c u l a t i o n be c u r t a i l e d t o t h e e x t e n t i t c a n n o t s u p p o r t t h e r e a c t o r p o w e r 

l e v e l , t h e s e r v o s y s t e m w i l l i m m e d i a t e l y i n i t i a t e power r e d u c t i o n t o 

s a f e l e v e l s . U n d e r c o n d i t i o n s o f s e v e r e c o o l a n t d e f i c i e n c y , e . g . , m a i n 

a c power f a i l u r e o c c u r r i n g d u r i n g r e a c t o r o p e r a t i o n a t h i g h p o w e r , t h e 

s a f e t y s y s t e m w i l l c a l l upon t h e f a s t - i n s e r t a i r m o t o r s o f t h e s h i m -

s a f e t y p l a t e s t o e x p e d i t e t h e r e q u i r e d l a r g e s c a l e power r e d u c t i o n . T h e 
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r e d u c t i o n s i n a l l c a s e s m u s t be s u f f i c i e n t l y r a p i d t o a v o i d s a f e t y s c r a m 

a c t i o n by t h e f l u x / f l o w r a t i o e l e m e n t s ( s e e " S a f e t y S y s t e m " ) . 

A d d i t i o n a l d e t a i l s o f t h e s e r v o s y s t e m o p e r a t i o n , i n c l u d i n g s e v e r a l 

a u x i l i a r y c o n t r o l f u n c t i o n s , a r e p r e s e n t e d b e l o w , and i n F i g s . 3 . 5 and 

3 . 6 . 

Power demand s i g n a l s . S e p a r a t e p o t e n t i o m e t e r s , o n e f o r e a c h s e r v o 

c h a n n e l , d e v e l o p t h e n o r m a l demand s i g n a l s . The p o t e n t i o m e t e r s a r e 

m o t o r d r i v e n , t h e m o t o r s b e i n g c o n t r o l l e d m a n u a l l y f r o m t h e c o n s o l r . . 

T h e demand s i g n a l v o l t a g e s a r e i n d i c a t e d a t t h e c o n s o l e on s c a l e s c a l i -

b r a t e d t o demand m e g a w a t t s . T h r e e " s e t b a c k " c o n d i t i o n s , d e s c r i b e d b e l o w , 

w i l l c a u s e t h e p o t e n t i o m e t e r s a u t o m a t i c a l l y t o be d r i v e n t o w a r d t h e i r 

min imum demand p o s i t i o n s . T h e maximum demand s e t t i n g i s 100 MW, t h e 

n o m i n a l c a p a b i l i t y o f t h e r e a c t o r . T h e minimum s e t t i n g i s 10 MW, a 

l e v e l f a r a b o v e t h a t p e r m i t t e d d u r i n g m a n u a l l y c o n t r o l l e d o p e r a t i o n i n 

Modes 2 and 3 ; 10 MW i s a l s o t h e l e v e l a t w h i c h a u t o m a t i c s t a r t u p i n 

Mode 1 t e r m i n a t e s . 

T h e f i r s t o f t h e s e t b a c k p r o v i s i o n s i s e x p r e s s l y t o t e r m i n a t e a u t o -

m a t i c s t a r t u p s (Mode 1) a t 10 MW. A c c o r d i n g l y , a s i n g l e r e l a y r e q u e s t s 

s e t b a c k f o r a l l c h a n n e l s w h e n e v e r t h e c o n t r o l s y s t e m i s n o t i n "Mode 1 -

Run" c o n d i t i o n . T h e c o n t r o l s y s t e m a l s o i n i t i a t e s s e t b a c k when i t r e c o g -

n i z e s " p l a t e a s y m m e t r y " c o n d i t i o n . T h i s c o n d i t i o n t e r m i n a t e s a t 10 MW. 

F i n a l l y , e a c h s e r v o c h a n n e l a u t o m a t i c a l l y r e d u c e s o n l y i t s own demand 

s e t t i n g w h e n e v e r t h e demand s i g n a l e x c e e d s t h e i n d i c a t e d h e a t r e m o v a l 

a b i l i t y o f t h e p r i m a r y c o o l a n t s y s t e m . A l l o f t h e s e t b a c k s e x c e p t a s y m -

m e t r y t e r m i n a t e when t h e i r i n i t i a t i n g c a u s e i s r e m o v e d , o r when t h e 

demand p o t e n t i o m e t e r s r e a c h t h e i r 10 MW ( m i n i m u m ) s e t t i n g s . 
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' j . ' . f | ! | | | | j / j p cjl.'ttiiir | r e g u l a t i n g s y s t e m . 



F i g . 3 . 6 . B l o c k d i a g r a m o f r e g u l a t i n g c h a n n e l A . 
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U n d e r c o n d i t i o n s o f p r i m a r y c o o l a n t f l o w d e f i c i e n c y , s p e c i a l c i r -

c u i t r y i n e a c h c h a n n e l b r i n g s a b o u t t h e r e q u i r e d power r e d u c t i o n i n 

a d v a n c e o f t h e a b o v e - d e s c r i b e d s e t b a c k a c t i o n . T h i s c i r c u i t r y c a u s e s 

t h e s i g n a l r e p r e s e n t i n g h e a t r e m o v a l c a p a b i l i t y t o t a k e i m m e d i a t e p r e -

c e d e n c e o v e r t h e n o r m a l demand p o t e n t i o m e t e r o u t p u t , w h e n e v e r t h e c a p a -

b i l i t y i s l e s s t h a n t h e demand. T h e c o o l a n t c a p a b i l i t y s i g n a l t h e n 

becomes t e m p o r a r i l y t h e e f f e c t i v e demand, r e s u l t i n g i n a l a r g e " e r r o r " 

s i g n a l and p r o m p t s e r v o and c o n t r o l r e s p o n s e t o r e d u c e t h e r e a c t o r 

p o w e r . 

Group s e r v o demand s w i t c h ( S - l l ) c o n t r o l s as a g r o u p t h r e e s m a l l 

m o t o r s , one f o r e a c h c h a n n e l , w h i c h p o s i t i o n t h e demand p o t e n t i o m e t e r s . 

" R a i s e " p o s i t i o n i n c r e a s e s demand and " L o w e r " d e c r e a s e s i t . A u t o m a t i c 

r e d u c t i o n s o f demand, o r " S e t b a c k s , " t a k e p r e c e d e n c e o v e r r a i s e r e q u e s t s 

by t h i s s w i t c h . 

I n d i v i d u a l c h a n n e l s e r v o demand p u s h b u t t o n s w i t c h e s ( S - 4 A a n d S - 4 B 

f o r c h a n n e l A ; S - 5 A a n d S - 5 B f o r c h a n n e l B ; and S - 6 A and S - 6 B f o r c h a n -

n e l C ) a c t u a t e t h e p o t e n t i o m e t e r p o s i t i o n i n g m o t o r s i n d i v i d u a l l y i n t h e 

same manner and s u b j e c t t o t h e same r e s t r i c t i o n s as t h e g r o u p s e r ^ o 

demand s w i t c h ( S - l l ) . T h e s e m o m e n t a r y c o n t a c t " R a i s e " and " L o w e r " 

s w i t c h e s a r e i n t e n d e d f o r t r i m m i n g t h e i n d i v i d u a l demand s e t t i n g s I n 

o r d e r t o o b t a i n e x a c t a g r e e m e n t among t h e c h a n n e l s . 

M e a s u r e m e n t s i g n a l s . Power l e v e l , power r a t e - o f - l n c r e a s e , and 

c o o l a n t f l o w : T h e r e a c t o r power s i g n a l o f e a c h c h a n n e l o r i g i n a t e s as 

c u r r e n t i n a n u n c o m p e n s a t e d i o n i z a t i o n chamber ( F i g . 3 . 7 ) , p r o p o r t i o n a l 

t o n e u t r o n f l u x . E a c h s e r v o chamber s h a r e s t h e same h o u s i n g w i t h t h e 

d u a l s a f e t y chamber o f c o r r e s p o n d i n g c h a n n e l n u m b e r , b u t i s o t h e r w i s e 

i n d e p e n d e n t . T h e " r a w " f l u x c u r r e n t s i g n a l s a r e i n t r o d u c e d i n t o f l u x 
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" c o n d i t i o n e r s , " e a c h o f w h i c h m o d i f i e s t h e s i g n a l i n two ways and a m p l i -

f i e s i t t o t h e l e v e l r e q u i r e d f o r t h e v a r i o u s a p p l i c a t i o n s i n t h e c h a n -

n e l . The f i n a l , c o r r e c t e d o u t p u t o f e a c h f l u x c o n d i t i o n e r i s c a l l e d 

" R e s e t F l u x . " 

T h e m a j o r c o r r e c t i o n t o e a c h f l u x s i g n a l i n Mode 1 c o n s i s t s o f a 

c o n t i n u o u s c a l i b r a t i o n a g a i n s t an a c c u r a t e h e a t power m e a s u r e m e n t . T h i s 

i s n e c e s s a r y t o o f f s e t w i d e v a r i a t i o n s i n t h e r e l a t i o n s h i p b e t w e e n 

m e a s u r e d f l u x and a c t u a l c o r e p o w e r . T h e v a r i a t i o n s a r e m a i n l y a c o n -

s e q u e n c e o f g r a d u a l changes i n n e u t r o n f l u x d i s t r i b u t i o n o v e r t h e c o r e 

v o l u m e , d u e t o f u e l b u r n u p and p o i s o n a c c u m u l a t i o n . A s l o w - r e s p o n s e 

s e r v o s y s t e m i n e a c h c h a n n e l c o n t i n u o u s l y compares t h e f l u x a m p l i f i e r 

o u t p u t s i g n a l w i t h t h e o u t p u t o f a h e a t power c o m p u t e r and e f f e c t s 

a g r e e m e n t b e t w e e n t h e two s i g n a l s by c a u s i n g an e l e c t r o n i c d e v i c e t o 

c h a n g e t h e f l u x s i g n a l a m p l i f i c a t i o n f a c t o r . I n Mode 1 , t h e d e v i c e i s 

d r i v e n a u t o m a t i c a l l y i n t h e d i r e c t i o n t o r e a l i z e maximum a m p l i f i c a t i o n 

when t h e r e a c t o r power l e v e l i s b e l o w t h e r a n g e i n w h i c h t h e h e a t power 

i n s t r u m e n t a t i o n h a s good a c c u r a c y , i n o r d e r t h a t t h e s e r v o c h a n n e l s may 

a l w a y s h a v e maximum s e n s i t i v i t y when t h e y b e g i n t o e x e r c i s e c o n t r o l 

d u r i n g a s t a r t u p . 

A s e c o n d a r y c o r r e c t i o n t o e a c h f l u x s i g n a l i s f o r a f t e r h e a t , n e c e s -

s a r y m a i n l y d u r i n g r a p i d , l a r g e s c a l e power r e d u c t i o n s . U n d e r t h o s e 

c o n d i t i o n s , t h e l a g i n r e d u c t i o n o f gamma h e a t i n g may cause power f r o m 

t h a t s o u r c e t o assume t e m p o r a r i l y a l a r g e p r o p o r t i o n o f t o t a l power 

g e n e r a t e d i n t h e c o r e . The f l u x a m p l i f i e r , r e s p o n s i v e o n l y t o n e u t r o n 

f l u x , w o u l d t h e n p r o v i d e a n o u t p u t s i g n a l much s m a l l e r t h a n n e c e s s a r y t o 

r e p r e s e n t t r u e c o r e p o w e r . E v e n t u a l l y t h e h e a t power c o r r e c t i o n w o u l d 

t a k e e f f e c t b u t , w i t h o u t a f t e r h e a t c o r r e c t i o n , t h e s e r v o c h a n n e l s w o u l d 

m e a n t i m e a t t e m p t t o h o l d t h e a c t u a l c o r e h e a t power a t l e v e l s h i g h e r 

t h a n t h e demand. When t h e r a p i d demand r e d u c t i o n i s f o r r e a s o n s o f 

c o o l i n g c u r t a i l m e n t , such i n t e r i m e x c e s s e s o f g e n e r a t e d power c o u l d 
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c a u s e damage i n t h e c o r e by o v e r h e a t i n g . The a f t e r h e a t c o r r e c t i o n i s 

a p p l i e d as a s u p p l e m e n t a r y s i g n a l , d e v e l o p e d i n a s p e c i a l d e l a y n e t w o r k 

and added d i r e c t l y t o t h e chamber s i g n a l a t t h e f l u x a m p l i f i e r . 

P r o c e s s i n s t r u m e n t s y s t e m s 100—4, 1 0 0 - 5 , and 1 0 0 - 6 p r o v i d e t h e h e a t 

power and f l o w s i g n a l s f o r c h a n n e l s A , B , and C , r e s p e c t i v e l y , as shown 

i n F i g . 3 . 8 . E a c h o f t h e s e s y s t e m s d e r i v e s p r i m a r y c o o l a n t f l o w i n f o r -

m a t i o n f r o m a s e p a r a t e d i f f e r e n t i a l p r e s s u r e m e a s u r e m e n t a c r o s s t h e corn-

men V e n t u r i , F E - 1 0 0 . T e m p e r a t u r e r i s e a c r o s s t h e c o r e i s d e t e r m i n e d 

f r o m g a s b u l b t e m p e r a t u r e e l e m e n t s i n t h e c o r e i n l e t and d i s c h a r g e 

l i n e s . A l l o f t h e i n f o r m a t i o n i s h a n d l e d p n e u m e t i c a l l y , and t h e f i n a l 

o u t p u t s i g n a l s a r e c o n v e r t e d t o dc e l e c t r i c f o r m f o r u s e i n t h e s e r v o 

c h a n n e l s . T h e s e s y s t e m s a r e d i s c u s s e d i n g r e a t e r d e t a i l i n S e c t i o n 3 . 3 . 

A r e a c t o r power r a t e - o f - i n c r e a s e s i g n a l i s d e r i v e d by means o f a 

d i f f e r e n t i a t i n g n e t w o r k . 

R e g u l a t i n g a c t i o n o f p l a t e N o . 5 . The speed o f t h e s h a f t o u t p u t 

a p p l i e d by t h e s e r v o m o t o r o f e a c h c h a n n e l t o t h e r e g u l a t i n g d r i v e i s 

p r o p o r t i o n a l w i t h i n l i m i t s t o t h e " e r r o r , " o r d i f f e r e n c e b e t w e e n demand 

a n d " R e s e t F l u x " s i g n a l s . Maximum speed o f e a c h s e r v o m o t o r i s a c h i e v e d 

when t h e e r r o r i s two m e g a w a t t s o r g r e a t e r . A l l t h r e e s e r v o m o t o r s 

o p e r a t i n g a t maximum s p e e d i n t h e same d i r e c t i o n w i l l c a u s e t h e r e g u -

l a t i n g d r i v e t o move a t t h e r a t e o f 38 cm ( 1 5 i n . ) p e r m i n u t e . 

When one c h a n n e l f a i l s t o a s e r v o m o t o r r u n a w a y c o n d i t i o n , t h e 

r u n a w a y s p e e d i s l i m i t e d by t h e motor c h a r a c t e r i s t i c . T h e s e r v o m o t o r s 

o f t h e o t h e r two c h a n n e l s w i l l o v e r r i d e t h e r u n a w a y e a s i l y . When one o r 

two c h a n n e l s f a i l so t h a t t h e i r s e r v o m o t o r s a r e e n t i r e l y s t o p p e d , t h e 

r e m a i n i n g c h a n n e l ( s ) w i l l c o n t i n u e t o r e g u l a t e b u t t h e r e s p o n s e o f t h e 
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F i g . 3 . 8 . T y p i c a l h e a t - p o w e r c o m p u t e r b l o c k d i a g r a m . 
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s e r v o s y s t e m w i l l be c o r r e s p o n d i n g l y s l o w e r . T h e a r r a n g e m e n t o f t h e 

g e a r s t h a t combine t h e s e r v o m o t o r a c t i o n s i s s u c h t h a t t h e r e i s no 

b a c k f e e d t o an i d l e s e r v o m o t o r f r o m t h e o t h e r t w o . 

L i m i t s w i t c h e s and r e l a y s p r e v e n t t h e s e r v o m o t o r s f r o m a t t e m p t i n g 

t o p o s i t i o n t h e r e g u l a t i n g d r i v e above o r b e l o w i t s n o r m a l t r a v e l r a n g e . 

When t h e r a t e c i r c u i t o f any c h a n n e l r e c o g n i z e s t h a t r e a c t o r power 

i s i n c r e a s i n g f a s t e r t h a n 5 MW p e r s e c o n d , o p e r a t i o n o f t h e s e r v o m o t o r 

o f t h a t c h a n n e l i s b l o c k e d i n t h e w i t h d r a w d i r e c t i o n . 

O t h e r c o n t r o l o u t p u t a c t i o n s . The t r a v e l s p a n , o r s t r o k e , o f t h e 

r e g u l a t i n g d r i v e i s r e s t r i c t e d t o a b o u t 1 i n . by l i m i t s w i t c h e s and 

m e c h a n i c a l s t o p s . A d j u s t a b l e " a u t o s h i m i n s e r t " and " a u t o s h i m w i t h d r a w " 

p o s i t i o n s w i t c h e s i n i t i a t e r e q u e s t s f o r s h i m a c t i o n ; s h i m w i t h d r a w a l 

when t h e r e g u l a t i n g d r i v e has w i t h d r a w n b e y o n d a b o u t 1 / 2 i n . f r o m i t s 

f u l l y i n s e r t e d l i m i t , o r s h i m i n s e r t i o n when t h e d r i v e has i n s e r t e d t o 

w i t h i n 1 / 1 0 i n . o f i t s f u l l y i n s e r t e d l i m i t . 

R e l a y s d r i v e n f r o m t h e c h a n n e l - r a t e c i r c u i t s a r e a r r a n g e d so t h a t 

when any two c h a n n e l s r e c o g n i z e t h a t r e a c t o r power i s i n c r e a s i n g f a s t e r 

t h a n 5 MW p e r s e c o n d , g r o u p a u t o m a t i c s h i m w i t h d r a w a l i s p r e v e n t e d . 

T h e e r r o r s i g n a l s i n t h e s e r v o c h a n n e l s a r e u s e d i n a c o n t r o l scheme, 

d e s c r i b e d u n d e r " c o n t r o l s y s t e m . " Maximum w i t h d r a w e r r o r i n a l l t h r e e 

c h a n n e l s I s r e q u i r e d f o r t h e c o n t r o l s y s t e m t o e n t e r " s t a r t " c o n d i t i o n s . 

T a b l e 3 . 2 l i s t s s e r v o s y s t e m r e a d o u t s and m a n u a l c o n t r o l s . 



T a b l e 3 . 2 . S e r v o s y s t e m r e a d o u t s and manua l c o n t r o l s 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

3 

4 

R e c o r d e r : 
X<0R 1 0 0 - 4 
XWR 1 0 0 - 4 

R e c o r d e r : 
XGiR 1 0 0 - 5 
XWR 1 0 0 - 5 

R e c o r d e r : 
X$R 1 0 0 - 6 
XWR 1 0 0 - 6 

R e c o r d e r : 
TdR 1 0 0 - 4 

R e c o r d e r : 
TdR 1 0 0 - 5 

R e c o r d e r : 
TdR 1 0 0 - 6 

2 p e n : 

2 p e n : 

2 p e n : 

1 p e n : 

1 p e n : 

1 p e n : 

M e t e r m o d u l e : h e a t power 
i n d i c a t i n g i n s t r u m e n t 

F l u x a m p l i f i e r and chamber 
v o l t a g e s u p p l y m o d u l e : 
r e s e t f l u x i n d i c a t i n g 
i n s t r u m e n t 

P a n e l B 

P a n e l C 

P a n e l D 

P a n e l E 

P a n e l E 

P a n e l E 

1 e a c h , P a n e l s B, 
C, D* 

1 e a c h , P a n e l s B, * ' 
C, D 

XfiJR r e a d s " R e s e t F l u x " s c a l e d i n p e r c e n t o f 
100 MW (same f o r a l l modes) 

XWR r e a d s " H e a t Power" s c a l e d i n p e r c e n t o f 
100 MW 

TdR r e a d s t e m p e r a t u r e d i f f e r e n c e b e t w e e n 
r e a c t o r i n l e t and o u t l e t c o o l a n t w a t e r , i n ° F 

I n s t r u m e n t r e a d s h e a t power i n p e r c e n t o f 100 
MW ( s e e I t e m 1 , XWR) 

I n s t r u m e n t r e a d s " R e s e t F l u x " s c a l e d i n p e r -
c e n t o f 100 MW ( n o change f o r modes 2 and 3 ) 



T a b l e 3 . 2 . ( C o n t i n u e d ) 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

5 F l u x r e s e t m o d u l e : 
a ) R e s e t g a i n i n d i c a t i n g 

i n s t r u m e n t 
b ) Maximum g a i n i n d i c a t i n g 

lamp ( a m b e r ) 
c ) Minimum g a i n i n d i c a t i n g 

lamp ( a m b e r ) 

6 M e t e r m o d u l e : S e r v o motor 
s p e e d i n d i c a t i n g 
i n s t r u m e n t 

7 Servo demand drive unit 

1 e a c h , P a n e l s B, 
C , D * 

1 e a c h , P a n e l s B, * 
C , D 

I each, Panels B, * 
m o d u l e : demand i n d i c a t i n g C , D 
i n s t r u m e n t 

F a s t t r i p c o m p a r a t o r module 
a u x i l i a r y c o n t r o l 
a ) " N o r m a l " i n d i c a t i n g 

lamp 
b ) " T r i p " i n d i c a t i n g lamp 
c ) T r i p " L a t c h " i n d i c a t i n g 

lamp 
d ) L a t c h " R e s e t " p u s h -

b u t t o n 
e ) " T r i p " t e s t , 

s c r e w d r i v e r a c t u a t e d 
s w i t c h 

2 e a c h , * B, 
C, 

(1) 

(2) 

P a n e l s x ' 

Demand rundown 
when demand 
e x c e e d s f l o w 
s i g n a l s 
I n h i b i t a l l 
p l a t e w i t h d r a w -
a l s when r e a c t o r 
power i n c r e a s e 
r a t e e x c e e d s 
5 MW/s 

I n s t r u m e n t r e a d s " r e l a t i v e " f l u x a m p l i f i c a -
t i o n factor to a scale o f I t o 1 . 3 3 , w h i c h 
i s same i n a l l modes. Maximum and minimum 
g a i n lamps a r e e n e r g i z e d by l i m i t s w i t c h e s 
a t t h e e x t r e m e s of t h e r e s e t s e r v o t r a v e l 

I n s t r u m e n t i n d i c a t e s v e l o c i t y o f r e g u l a t i n g 
d r i v e s e r v o motor f o r a s s o c i a t e d c h a n n e l . 
(Same as I t e m 1 5 ) 

I n s t r u m e n t i n d i c a t e s r e a c t o r power demand 
p o t e n t i o m e t e r s e t t i n g f o r a s s o c i a t e d 
c h a n n e l . (Same as I t e m 1 3 ) 

Lamps ( A ) and ( B ) a r e l i t t o i n d i c a t e c o n d i -
t i o n e x i s t i n g . Lamp ( C ) f o l l o w s lamps ( B ) 
and p u s h b u t t o n ( D ) has no f u n c t i o n , s i n c e 
t h e c o m p a r a t o r s do n o t l a t c h i n t h e a p p l i c a -
t i o n . T e s t s w i t c h ( E ) i s i n t e n d e d to p r o v i d e 
a q u i c k t e s t o f t h e c o m p a r a t o r a b i l i t y t o 
d e v e l o p t h e " t r i p " o u t p u t s i g n a l 



Table 3.2. (Continued) 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

9 R e c o r d e r : 1 p e n : RG 4 2 2 

10 R e c o r d e r : 1 p e n : 
XPR-100-7-&K 

11 Group demand c o n t r o l 
s w i t c h ( S - l l ) 

12 I n d i v i d u a l c h a n n e l demand 
c o n t r o l p u s h b u t t o n s : 
S - 4 - A : C h a n n e l A , R a i s e 
S - 4 - B : C h a n n e l A , Lower 
S - 5 - A : C h a n n e l B , R a i s e 
S - 5 - B : C h a n n e l B , Lower 
S - 6 - A : C h a n n e l C , R a i s e 
S - 6 - B : C h a n n e l C , Lower 

13 Demand i n d i c a t i n g 
i n s t r u m e n t 

14 Demand l i m i t lamps 
a ) Upper 
b ) Lower 

15 S e r v o motor speed 
i n d i c a t i n g i n s t r u m e n t 
C h a n n e l A ( 1 ) 
C h a n n e l B ( 1 ) 
C h a n n e l C ( I ) 

P a n e l C 

P a n e l C 

C o n s o l e 

C o n s o l e 

Reads p o s i t i o n o f p l a t f o r m d r i v e o f No, 
( c y l i n d r i c a l ) c o n t r o l p l a t e 

Not I n use 

R a i s e s or l o w e r s demand s e t t i n g , s i m u l -
t a n e o u s l y i n a l l t h r e e s e r v o c h a n n e l s 

R a i s e o r l o w e r demand o f i n d i v i d u a l s e r v o 
c h a n n e l ( p r i m a r i l y f o r t r i m m i n g o r t e s t i n g ) 

C o n s o l e ( t h r e e 
i n s t r u m e n t s : one 
e a c h c h a n n e l ) 

C o n s o l e ( t h r e e 
p a i r s o f l a m p s ; 
one p a i r f o r e a c h 
c h a n n e l ) 

C o n s o l e 

E a c h i n s t r u m e n t i n d i c a t e s r e a c t o r power 
demand p o t e n t i o m e t e r s e t t i n g f o r a s s o c i a t e d 
c h a n n e l . (Same as I t e m 7 ) 

E a c h lamp g lows when t r a v e l l i m i t i s r e a c h e d 
on a s s o c i a t e d demand p o t e n t i o m e t e r 

Each i n s t r u m e n t i n d i c a t e s v e l o c i t y of r e g u -
l a t i n g d r i v e s e r v o motor f o r a s s o c i a t e d 
c h a n n e l . (Same as I t e m 6 ) 



T a b l e 3 . 2 . ( C o n t i n u e d ) 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

16 

17 

18 

R e g u l a t i n g d r i v e p o s i t i o n 
i n d i c a t o r s : 
( A ) I n d i c a t i n g i n s t r u m e n t 
( B ) I n s e r t l i m i t lamp 
( C ) W i t h d r a w l i m i t lamp 

Chamber p o s i t i o n a d j u s t -
ment h a n d w h e e l s ( 3 ) 

" S e r v o On" lamp 
* * 

C o n s o l e 

P o o l s i d e ( s e e F i g . 
3 . 9 ) 

C o n s o l e 

I n s t r u m e n t ( A ) i n d i c a t e s p o s i t i o n o f p l a t e 
No . 5 r e g u l a t i n g d r i v e , and lamps ( B ) o r ( C ) 
g l o w when d r i v e t r a v e l l i m i t s a r e r e a c h e d 

P o s i t i o n chambers so t h a t chamber r e s p o n s e t o 
r a n g e o f n e u t r o n f l u x i n t e n s i t y i s w i t h i n 
c o r r e c t i o n span o f f l u x r e s e t d e v i c e 

Glows when s e r v o d r i v e s a r e t u r n e d o n , r e a d y 
t o r e s p o n d t o s e r v o c h a n n e l s i g n a l s 

* M o d u l e s a r e l o c a t e d i n s e r v o s e c t i o n o f e a c h p a n e l , i n t h e d r a w e r s d e s i g n a t e d "R" ( s i m i l a r 
m o d u l e s a p p e a r i n t h e s a f e t y and c o u n t s e c t i o n s , as d e s c r i b e d i n T a b l e s 3 . 3 and 3 . 4 ) . I t e m s l i s t e d 
a r e on f r o n t p a n e l s o f m o d u l e s ; a d d i t i o n a l t e s t and c a l i b r a t i o n f a c i l i t i e s a r e i n s i d e modules o r 
d r a w e r s , and a r e d e s c r i b e d i n t h e m a i n t e n a n c e p r o c e d u r e s . 

* * A l s o l i s t e d u n d e r " C o n t r o l S y s t e m , " i n T a b l e 3 . 1 . 
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F i g . 3 . 9 . I o n chamber p o s i t i o n i n g m e c h a n i s m . 
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3 . 2 . 6 W i d e - r a n g e c o u n t i n g s y s t e m 

T h e w i d e - r a n g e c o u n t i n g s y s t e m c o n s i s t s o f t h r e e i n d e p e n d e n t c h a n n e l s 

w h i c h d e v e l o p n e u t r o n f l u x i n f o r m a t i o n f r o m f i s s i o n c h a m b e r s , p r i m a r i l y 

t o c o n t r o l t h e r e a c t o r d u r i n g s t a r t u p . T h e c o n t r o l a c t i o n s a r e t o p r o -

h i b i t s h i m p l a t e w i t h d r a w a l w h e n t h e power i n c r e a s e p e r i o d i s s h o r t e r 

t h a n 30 s and t o i n i t i a t e r e v e r s e a t r e a c t o r power l e v e l s b e l o w 1 0 MW 

when t h e p e r i o d becomes l e s s t h a n 5 s . A u t o m a t i c p o s i t i o n i n g o f t h e 

c h a m b e r s e n a b l e s t h e s y s t e m t o m o n i t o r and p r o v i d e r e a d o u t o f r e a c t o r 

p o w e r and p e r i o d f r o m s o u r c e l e v e l t o maximum power o f t h e r e a c t o r , 

a b o u t 10 d e c a d e s . T h e s y s t e m e l e m e n t s a r e i l l u s t r a t e d i n F i g . 3 . 1 0 . 

T a b l e 3 . 3 l i s t s s y s t e m r e a d o u t s and m a n u a l c o n t r o l s . 

T h e f i s s i o n chambers f o r e a c h c h a n n e l a r e l o c a t e d w i t h t h e i r p o s i -

t i o n i n g s e r v o d r i v e s i n s e p a r a t e t h i m b l e s a t t h e b o t t o m o f t h e r e a c t o r 

v e s s e l . Raw p u l s e i n f o r m a t i o n f r o m e a c h chamber i s i n i t i a l l y s c r e e n e d 

by a p u l s e h e i g h t d i s c r i m i n a t o r , and t h e " f i s s i o n p u l s e s " c o u n t e d on a 

c o n v e n t i o n a l s c a l e r . T h e p u l s e s t h u s s e l e c t e d a r e t h e n c o n v e r t e d t o two 

s i g n a l s , o n e l i n e a r l y p r o p o r t i o n a l t o c o u n t r a t e and t h e o t h e r p r o p o r -

t i o n a l t o t h e l o g a r i t h m o f c o u n t r a t e . 

T h e l i n e a r s i g n a l e n t e r s t h e c h a m b e r - p o s i t i o n i n g s e r v o s y s t e m w h e r e 

i t i s c o m p a r e d t o an a d j u s t a b l e r e f e r e n c e s i g n a l . T h e r e f e r e n c e s i g n a l 

r e p r e s e n t s some d e s i r e d p u l s e m e a s u r e m e n t r a t e ; t h e d i f f e r e n c e b e t w e e n 

t h e m e a s u r e d and r e f e r e n c e s i g n a l s ( " e r r o r " ) i n s t r u c t s t h e s e r v o t o 

i n s e r t t h e chamber t o a p o s i t i o n o f g r e a t e r e x p o s u r e o r t o w i t h d r a w i t 

t o a more s h i e l d e d p o s i t i o n as r e q u i r e d t o m i n i m i z e t h e e r r o r . T h u s , 

t h e s e r v o s y s t e m a t t e m p t s t o p o s i t i o n t h e chamber so t h a t i t w i l l c o u n t 

a t a c o n s t a n t r a t e , u s u a l l y a d j u s t e d f o r 1 0 , 0 0 0 c o u n t s p e r s e c o n d . 
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F i g . 3 . 1 0 . W i d e r a n g e c o u n t i n g i n s t r u m e n t b l o c k d i a g r a m , 



T a b l e 3 . 3 . C o u n t - r a t e s y s t e m r e a d o u t s and m a n u a l c o n t r o l s 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

R e c o r d e r : 
RLR 1 0 0 - 1 

R e c o r d e r : 
RLR 1 0 0 - 2 

R e c o r d e r : 
RLR 1 0 0 - 3 

R e c o r d e r : 
RTR 100-1 

R e c o r d e r : 
RTR 1 0 0 - 2 

R e c o r d e r : 
RTR 1 0 0 - 3 

1 pen 

1 pen 

1 pen 

1 pen 

1 pen 

1 pen 

3 Power i n d i c a t i n g 
ins t rument 

4 Log c o u n t - r a t e i n d i c a t i n g 
i n s t r u m e n t 

5 Chamber p o s i t i o n i n g 
i n d i c a t i n g i n s t r u m e n t 

6 P e r i o d i n d i c a t i n g 
i n s t r u m e n t 

P a n e l B 

P a n e l C 

P a n e l D 

P a n e l B 

P a n e l C 

P a n e l D 

1 e a c h , P a n e l s B , 
C , D 

1 e a c h , P a n e l s B , 
C, D 

1 e a c h , P a n e l s B , 
C , D 

1 e a c h , P a n e l s B, 
C, D 

Reads r e a c t o r power s c a l e d i n p e r c e n t of 100 
MW (same as I t e m 3 ) 

Reads p e r i o d i n seconds (same as I t e m 6 ) 

Reads r e a c t o r p o w e r , s c a l e d i n p e r c e n t o f 100 
MW (same as I t e m 1 ) 

Reads u n c o r r e c t e d l o g count r a t e s c a l e d i n 
c o u n t s p e r second 

Reads chamber p o s i t i o n t o s c a l e o f 1 t o 7 f t 
w i t h d r a w a l d i s t a n c e f r o m f u l l y i n s e r t e d 
p o s i t i o n 

Reads r e a c t o r p e r i o d (same as I t e m 2 ) 
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I t e m D e s c r i p t i o n L o c a t i o n 

7 " C h a n n e l T e s t " p u s h b u t t o n s 1 p a i r e a c h , 
( A ) " I n " P a n e l s B , C, D 
( B ) " O u t " 

8 S c a l e r Assembly 1 g r o u p e a c h , 
( A ) C l o c k 
( B ) C l o c k " S t a r t " 

p u s h b u t t o n 
( C ) C l o c k " S t o p " 

p u s h b u t t o n 
( D ) Power " O n - O f f " 

s w i t c h 
( E ) " G a t e On" lamp 
( F ) Decade S c a l e r 
( G ) S c a l e r " S t a r t " 

p u s h b u t t o n 
( H ) S c a l e r " S t o p " 

p u s h b u t t o n 
( I ) " R e s e t " p u s h b u t t o n 
( J ) " T r i g g e r L e v e l " 

a d j u s t m e n t 
( K ) " O p e r a t e - T e s t " 

s w i t c h 
( L ) C l o c k s e t - o p e r a t e 

s w i t c h 

Remarks 

E a c h p u s h b u t t o n removes a s s o c i a t e d f i s s i o n 
chamber f r o m a u t o m a t i c s e r v o p o s i t i o n c o n -
t r o l . " I n " p u s h b u t t o n s cause chambers to 
i n s e r t ; " O u t " p u s h b u t t o n s cause chambers t o 
w i t h d r a w 

Decade s c a l e r ( F ) c o u n t s t h o s e o u t p u t p u l s e s 
f r o m t h e p u l s e a m p l i f i e r w h i c h a r e above 
" T r i g g e r L e v e l " ( J ) s e t t i n g when t h e 
" O p e r a t e " and " G a t e On" c o n d i t i o n e x i s t s . 
" G a t e On" i s d e t e r m i n e d by m a n u a l o r t i m e r 
c o n t r o l . F o r manua l c o n t r o l , t h e " S t a r t " 
( G ) and " S t o p " ( H ) p u s h b u t t o n s a r e u s e d . For 
t i m e r c o n t r o l , c l o c k " S t a r t " (F.) and " S t o p " 
( C ) a r e u s e d ; h o w e v e r , i f n o t s t o p p e d man-
u a l l y , t h e c l o c k w i l l r u n o u t t h e t i m e 
i n i t i a l l y s e t i n . C l o c k ( A ) and S c a l e r ( F ) 
a r e b o t h r e s e t by t h e " R e s e t p u s h b u t t o n ( I ) , 
t h e c l o c k t o i t s p r e s e t i n t e r v a l o f up to 
9999 s . C l o c k s e t t i n g s may be o b t a i n e d by 
d i a l c o n t r o l s i n s i d e i t s c a s e , when t h e c l o c k 
s e t - o p e r a t e s w i t c h ( L ) i s i n s e t p o s i t i o n . 
A 6 0 - c p s t e s t p u l s e r a t e s i g n a l i s s u b s t i -
t u t e d f o r t h e p u l s e a m p l i f i e r o u t p u t when 
t h e " O p e r a t e - T e s t ' s w i t c h ( K ) i s i n " T e s t " 
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I t e m D e s c r i p t i o n L o c a t i o n Remarks 

10 

P u l s e a m p l i f i e r and 
c o u n t - r a t e m e t e r 
m o d u l e : 
( A ) " O p e r a t e - C a l i b r a t e -

O f f " s e l e c t o r s w i t c h 
( B ) " C a l i b r a t e " lamp 
( C ) "PHS" a d j u s t m e n t 

F a s t t r i p c o m p a r a t o r 
m o d u l e - a u x i l i a r y 
c o n t r o l : 
( A ) " N o r m a l " i n d i c a t i n g 

l amp 
( B ) " T r i p " i n d i c a t i n g 

lamp 
(C) T r i p " L a t c h " 

i n d i c a t i n g lamp 
( D ) L a t c h " R e s e ^ " 

p u s h b u t t o n 
( E ) " T r i p " t e s t , s c r e w -

d r i v e r a c t u a t e d 
s w i t c h 

1 e a c h , P a n e l s B , 
C , D 

C o n t r o l s a r e f o r m a i n t e n a n c e c a l i b r a t i o n and 
t e s t o f c o u n t c h a n n e l s . S e l e c t o r s w i t c h ( A ) 
i n " O p e r a t e " s e c t o r s e t s i n p u t p u l s e a t t e n u a -
t i o n , i n a c c o r d a n c e w i t h chamber c h a r a c t e r -
i s t i c s . I n t h e " C a l i b r a t e " s e c t o r , v a r i o u s 
s w i t c h p o s i t i o n s s u b s t i t u t e a 10 cps o r a 
1 0 , 0 0 0 cps t e s t s i g n a l i n p u t t o t h e a m p l i -
f i e r , o r p e r m i t a p e r i o d t e s t s i g n a l t o be 
i n t r o d u c e d d i r e c t l y t o t h e p e r i o d c i r c u i t r y 
( v i a p u s h b u t t o n i n s i d e d r a w e r W - l ) . A l s o 
when s w i t c h ( A ) i s i n c a l i b r a t e s e c t i o n , 
l amp ( B ) glows and c o n t r o l " C o u n t - R a t e C o n f i -
d e n c e " i s i n t e r r u p t e d . "PHS" a d j u s t m e n t ( C ) 
d e t e r m i n e s t h e minimum h e i g h t o f p u l s e s w h i c h 
a r e t o be c o u n t e d 

6 e a c h , P a n e l s B , 
C , D 
( 1 ) Count r a t e 

l e s s t h a n 
10 cps ( n o 
c o n f i d e n c e ) 

( 2 ) Count r a t e 
g r e a t e r t h a n 
5 0 , 0 0 0 cps 
(no c o n f i d e n c e ) 

( 3 ) R e a c t o r power 
l e s s t h a n 300 kW 
(no "Run" p e r m i t -
s a g ) 

( 4 ) P e r i o d l e s s t h a n 
100 s , p o s i t i v e 
( n o "Run" p e r m i t ) 

Lamps ( A ) and ( B ) a r e l i t t o i n d i c a t e c o n d i -
t i o n e x i s t i n g . Lamp ( C ) f o l l o w s lamp ( B ) 
and p u s h b u t t o n ( D ) has no f u n c t i o n , s i n c e 
t h e c o m p a r a t o r s do n o t l a t c h i n t h i s a p p l i c a -
t i o n . T e s t s w i t c h ( E ) i s i n t e n d e d t o p r o v i d e 
a q u i c k t e s t of t h e c o m p a r a t o r a b i l i t y t o 
d e v e l o p t h e " t r i p " o u t p u t s i g n a l 
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11 L i n e a r c o u n t - r a t e m e t e r 
m o d u l e : 
( A ) "Counts p e r Second" 

i n d i c a t i n g i n s t r u m e n t 
( B ) "Range" s e l e c t o r 

s w i t c h 

12 F i s s i o n chamber p o s i t i o n 
c o n t r o l s and r e a d o u t s : 
( A ) F i s s i o n chamber 

a u t o - m a n u a l d r i v e 
s w i t c h e s : 
S - 1 2 : C h a n n e l A 
S - 1 3 : C h a n n e l B 
S - 1 4 : C h a n n e l C 

( B ) P o s i t i o n i n d i c a t i n g 
i n s t r u m e n t s ( 3 ) 

( C ) " I n s e r t L i m i t " 
l i g h t s ( 3 ) 

( D ) " W i t h d r a w L i m i t " 
l i g h t s ( 3 ) 

( E ) " A u t o " c o n t r o l 
l i g h t s ( 3 ) 

( 5 ) P e r i o d l e s s 
t h a n 30 s , 
p o s i t i v e ( n o 
w i t h d r a w p e r -
m i t i n " S t a r t " ) 

( 6 ) P e r i o d l e s s 
t h a n 5 s , 
p o s i t i v e 
( r e v e r s e , i n 
" S t a r t " ) 

1 e a c h , P a n e l s B , 
C , D 

I n s t r u m e n t ( A ) r e a d s u n c o r r e c t e d c o u n t - r a t e , 
s c a l e d 0 t o 1 t i m e s m u l t i p l i e r o p p o s i t e 
"Range" s w i t c h ( B ) p o i n t e r 

C o n s o l e : 1 e a c h 
o f e l e m e n t s A , B, 
C , D , and E f o r 
e a c h c h a n n e l 

H a n d l e s o f s w i t c h e s ( A ) a r e s p r i n g r e t u r n t o 
c e n t r a l r o t a r y p o s i t i o n . P u l l i n g o u t h a n d l e 
removes a u t o m a t i c c o n t r o l ; h a n d l e r o t a t i o n 
i n p u l l e d - o u t p o s i t i o n i n i t i a t e s i n s e r t o r 
w i t h d r a w a l o f c h a m b e r . I n s t r u m e n t s ( B ) r e a d 
chamber p o s i t i o n s i n f e e t w i t h d r a w n f r o m f u l l 
i n s e r t . L i m i t l i g h t s ( C ) and ( D ) g l o w when 
r e s p e c t i v e l i m i t s a r e r e a c h e d . C o u n t - r a t e 
c o n f i d e n c e i s I n t e r r u p t e d when h a n d l e o f 
s w i t c h ( A ) i s p u l l e d o u t , i n Mode 1 o n l y . 
Lamp ( E ) g lows when c o r r e s p o n d i n g s w i t c h ( A ) 
h a n d l e i s c e n t e r e d and pushed i n 
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13 A n n u n c i a t o r p o i n t s 
( A ) 5 - s p e r i o d , CR Ann . P a n e l B, 

C h a n n e l A P o i n t 6 
( B ) 5 - s p e r i o d , CR Ann . P a n e l c , 

C h a n n e l B P o i n t 6 
( C ) 5—s p e r i o d , CR Ann. P a n e l D , 

C h a n n e l C P o i n t 6 
( D ) CRM t r o u b l e , CR A n n . P a n e l B , 

C h a n n e l A P o i n t 17 

(E) CRM t r o u b l e , CR Ann . P a n e l c , 
C h a n n e l B P o i n t 17 

( F ) CRM t r o u b l e , CR Ann . P a n e l D , 
C h a n n e l C P o i n t 17 

See Volume 2 , S e c t i o n 2 . 4 , 
" A n n u n c i a t o r P r o c e d u r e s " 

Any one o r more o f t h e f o l l o w i n g c o n d i t i o n s : 
( a ) I n Mode 1 o n l y , chamber d r i v e no t on 

" A u t o m a t i c , " i . e . , s w i t c h h a n d l e S - 1 2 , S - 1 3 , 
S - 1 4 n o t c e n t e r e d and pushed i n ; ( b ) c o u n t -
r a t e m e t e r " O p e r a t e - C a l i b r a t e - O f f " s w i t c h 
n o t i n " O p e r a t e , " i . e . , n o t i n "Use" p e r 
c o n t r o l b l o c k d i a g r a m ; ( c ) c o u n t r a t e l e s s 
t h a n 10 c p s ; and ( d ) c o u n t r a t e g r e a t e r 
t h a n 5 0 , 0 0 0 cps 
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F i s s i o n chamber p o s i t i o n i n f o r m a t i o n i n e a c h c h a n n e l i s c o n v e r t e d t o 

a v o l t a g e w h i c h i s u s e d t o c o r r e c t t h e l o g c o u n t — r a t e s i g n a l f o r f l u x 

a t t e n u a t i o n a t t h e c h a m b e r . T h e c o r r e c t e d s i g n a l , a f t e r p r o p e r c a l i b r a -

t i o n o f t h e chamber p o s i t i o n c o m p e n s a t i n g n e t w o r k , i s p r o p o r t i o n a l t o 

t h e l o g a r i t h m o f t h e a c t u a l n e u t r o n f l u x o f t h e r e a c t o r . 

T h e u n c o r r e c t e d l o g c o u n t - r a t e s i g n a l i n e a c h c h a n n e l o p e r a t e s two 

r e l a y s whose c o n t a c t c l o s u r e i n t h e c o n t r o l s y s t e m r e p r e s e n t c o n f i d e n c e 

( a ) t h a t t h e c h a n n e l i s m e a s u r i n g an a c c o u n t a b l e n e u t r o n f l u x , i . e . , 

m o r e t h a n 10 c o u n t s p e r s e c o n d , and ( b ) t h a t t h e chamber i s n o t s u b j e c t 

t o s u c h a h i g h f l u x i n t e n s i t y t h a t t h e m e a s u r i n g and c o u n t i n g s y s t e m 

c a n n o t r e s o l v e t h e i n d i v i d u a l p u l s e s , i . e . , c o u n t r a t e w i t h i n 5 0 , 0 0 0 

c o u n t s p e r s e c o n d . T h e p o s i t i o n - c o r r e c t e d l o g c o u n t - r a t e s i g n a l s i n t h e 

t h r e e c h a n n e l s o p e r a t e t h e "Sag" r e l a y s , whose c o n t a c t s c a u s e t h e c o n t r o l 

s y s t e m t o d r o p o u t o f "Run" c o n d i t i o n when t h e f l u x goes b e l o w t h e l e v e l 

c o r r e s p o n d i n g t o 3 0 0 kW o f p o w e r . The c o r r e c t e d s i g n a l s d r i v e t h e l o g 

c o u n t — r a t e r e c o r d e r s , and a l s o a r e f u r t h e r p r o c e s s e d t o o b t a i n t h e r e a c -

t o r p e r i o d s i g n a l s . T h e p e r i o d s i g n a l o f e a c h c h a n n e l d r i v e s t h e c h a n -

n e l p e r i o d r e c o r d e r , and o p e r a t e s t h r e e r e l a y s whose c o n t a c t s a r e i n t h e 

c o n t r o l s y s t e m : ( a ) " P e r i o d I n f i n i t e , " w h i c h c o n d i t i o n i s r e q u i r e d t o 

p r o c e e d t o "Run" c o n d i t i o n , ( b ) " P e r i o d g r e a t e r t h a n 3 0 s , " r e q u i r e d f o r 

s h i m r o d w i t h d r a w a l a t a l l t i m e s , and ( c ) " P e r i o d l e s s t h a n 5 s , " w h i c h 

i n i t i a t e s r e v e r s e i n s t a r t c o n d i t i o n . The a c t u a l c o n t r o l a c t i o n s j u s t 

m e n t i o n e d a r e e f f e c t e d o n l y i n r e s p o n s e t o c o m b i n a t i o n s o f i n d i v i d u a l 

r e q u e s t s f o r c o n d i t i o n s ( a ) a n d ( c ) a n d i n d i v i d u a l r e q u e s t o f c o n d i t i o n 

( b ) , some o r i g i n a t i n g i n t h e s a f e t y , s e r v o , and c o n t r o l s y s t e m s . T h e s e 

c o m b i n a t i o n s a r e d e s c r i b e d u n d e r " C o n t r o l S y s t e m . " 
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F i s s i o n chamber d r i v e c o n t r o l s ( S - 1 2 , S - 1 3 , S - 1 4 f o r C h a n n e l s 1 , 2 , 

3 , r e s p e c t i v e l y . P u s h - p u l l a n d r o t a r y m o t i o n o f s w i t c h h a n d l e s ; r o t a r y 

m o t i o n o n l y when i n h a n d l e p u l l e d - o u t p o s i t i o n . P u s h e d - i n p o s i t i o n p e r -

m i t s n o r m a l s e r v o c o n t r o l o f chamber p o s i t i o n ; p u l l e d - o u t p o s i t i o n d i s -

c o n n e c t s s e r v o a m p l i f i e r f r o m s e r v o m o t o r . R o t a r y o p e r a t i o n o f s w i t c h 

h a n d l e ( w h e n p u l l e d o u t ) p r o v i d e s d i r e c t m a n u a l c o n t r o l o f f i s s i o n 

c h a m b e r d r i v e m o t o r . S p r i n g s p r o v i d e a u t o m a t i c r e t u r n t o c e n t e r o f 

r o t a r y m o t i o n . T h e s w i t c h e s a r e i n t e n d e d f o r use i n t e s t i n g and c a l i -

b r a t i n g t h e c o u n t i n g c h a n n e l s , and t o w i t h d r a w c h a m b e r s f r o m r e g i o n s o f 

d a m a g i n g f l u x i n t e n s i t y i n t h e e v e n t t h a t a s e r v o s y s t e m m a l f u n c t i o n 

a t t e m p t s t o i n s e r t t h e c h a m b e r . 

M o n i t o r i n g , t e s t i n g , and c a l i b r a t i o n . The c o n t r o l s and r e a d o u t s i n 

t h e c o u n t c h a n n e l s e c t i o n of p a n e l s B , C , and D f a c i l i t a t e m o n i t o r i n g o f 

t h e c o u n t c h a n n e l s p e r f o r m a n c e , and i n c l u d e i n t e g r a l t e s t and c a l i b r a -

t i o n g e a r . 

B a s i c c o u n t - r a t e i n f o r m a t i o n i s o b t a i n e d f r o m t h e p u l s e a m p l i f i e r s 

o u t p u t v i a ( i ecade s c a l e r a r r a n g e m e n t s f o r e a c h c h a n n e l . T h i s p e r m i L s 

t h e s c a l e r s t o c o u n t t h e same p u l s e s w h i c h a r e s u p p l i e d t o t h e l i n e a r 

a n d 3 c o u n t - r a t e m e t e r s . E a c h s c a l e r may be g a t e d t o c o u n t f o r 

i n d e f i n i t e p e r i o d s by means o f i t s d i r e c t " S t a r t " and " S t o p " p u s h b u t t o n 

s w i t c h e s , o r f o r any d e s i r e d i n t e r v a l up t o 9 , 9 9 9 s by means o f an a u t o -

m a t i c t i m e r . T h e c l o c k " S t a r t " p u s h b u t t o n i n i t i a t e s e a c h t i m e r c y c l e , 

w h i c h w i l l t h e n r u n i t s p r e s e t d u r a t i o n u n l e s s i n t e r r u p t e d by t h e c l o c k 

" S t o p " p u s h b u t t o n . T h e s c a l e r i s r e s e t t o 0 and t h e t i m e r t o i t s p r e s e t 

i n t e r v a l v a l u e by means o f t h e s c a l e r " R e s e t " p u s h b u t t o n . A c o n t r o l 

k n o b a d j a c e n t t o t h e c l o c k must be d e p r e s s e d a n d r o t a t e d one q u a r t e r 

t u r n c l o c k w i s e t o f r e e t h e t i m e r a d j u s t m e n t d i a l s , p r i o r t o s e t t i n g t h e 

t i m e r c y c l e d u r a t i o n . T h e " G a t e On" lamp g l o w s w h e n e v e r t h e s c a l e r 

i n p u t has b e e n opened t o a c c e p t p u l s e s , e i t h e r by m a n u a l o r t i m e r 
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s w i t c h i n g . T h e " T r i g g e r L e v e l " a d j u s t m e n t d e t e r m i n e s t h e minimum 

v e n t a g e l e v e l o f p u l s e s t o be c o u n t e d , u s u a l l y above b a c k g r o u n d and 

b e l o w t h e n o r m a l l e v e l o f t h e s t a n d a r d i z e d p u l s e s g e n e r a t e d by t h e p u l s e 

a m p l i f i e r . An " O p e r a t e - T e s t " s w i t c h s u b s t i t u t e s a 6 0 c o u n t p e r s e c o n d 

t e s t s i g n a l a t t h e g a t e i n p u t . The s c a l e r and c l o c k a s s e m b l y may be d e -

e n e r g i z e d by t h e " O n - O f f " s w i t c h . 

An a r r a y o f i n d i c a t i n g i n s t r u m e n t s s u m m a r i z e s t h e o p e r a t i n g c o n d i t i o n 

o f t h e r e a c t o r and t h e c o u n t s y s t e m . T h e s e i n c l u d e , f o r e a c h c h a n n e l : 

( 1 ) r e a c t o r p o w e r , r e p r e s e n t i n g l o g c o u n t - r a t e c o r r e c t e d f o r chamber 

p o s i t i o n , and d u p l i c a t i n g r e s p e c t i v e l y t h e r e a c t o r power r e c o r d e r s RLR 

1 0 0 - 1 , - 2 , a n d - 3 ; ( 2 ) u n c o r r e c t e d l o g c o u n t - r a t e ; ( 3 ) chamber p o s i t i o n ; 

and ( 4 ) p e r i o d , d u p l i c a t i n g r e s p e c t i v e l y p e r i o d r e c o r d e r s RTR 1 0 0 - 1 , - 2 , 

and - 3 . 

L o c a t e d w i t h t h e f o r e g o i n g a r r a y a r e t h e " c h a n n e l t e s t " p u s h b u t t o n s , 

" I n " a n d " O u t . " W h i l e d e p r e s s e d , e a c h removes c o n t r o l o f t h e a s s o c i a t e d 

chamber f r o m i t s s e r v o and i n i t i a t e s i n s e r t i o n o r w i t h d r a w a l o f t h e 

chamber d i r e c t l y . R e s p o n s e o f t h e r e a d o u t i n s t r u m e n t s t o chamber m o t i o n 

i s o f i n t e r e s t , a s d e s c r i b e d i n V o l u m e 2 . 

An " O p e r a t e - C a l i b r a t e - O f f " s e l e c t o r s w i t c h i s p r o v i d e d i n c o n j u n c t i o n 

w i t h e a c h p u l s e a m p l i f i e r and c o u n t - r a t e m a t e r . I n t h e " O p e r a t e " r a n g e , 

t h e s w i t c h may be s e t t o a t t e n u a t e i n c o m i n g p u l s e s by w h a t e v e r f a c t o r 

n e c e s s a r y t o accommodate t h e chamber and preamp c h a r a c t e r i s t i c . I n t h e 

" C a l i b r a t e " r a n g e , t h e o u t p u t o f e i t h e r a 1 0 - o r a 1 0 , 0 0 0 - c p s o s c i l l a t o r 

i s s u b s t i t u t e d f o r t h e chamber preamp p u l s e s i g n a l ; a l t e r n a t i v e l y , a 

c i r c u i t i s c o m p l e t e d w h e r e b y a s i m u l a t e d 5 - s p e r i o d s i g n a l may be i n t r o -

d u c e d d i r e c t l y t o t h e p e r i o d m e a s u r i n g e l e m e n t . The " C a l i b r a t e " l amp 

g l o w s when t h e s e l e c t o r s w i t c h i s i n " C a l i b r a t e " r a n g e . W i t h t h e s w i t c h 

i n e i t h e r " C a l i b r a t e " r a n g e o r " O f f " p o s i t i o n , "CRM T r o u b l e " a n n u n c i a t i o n 
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a p p e a r s and t h e c o u n t - r a t e c o n f i d e n c e c h a i n i s b r o k e n . T h e " P u l s e 

H e i g h t S e l e c t o r " a d j u s t m e n t n e x t t o t h e s e l e c t o r s w i t c h d e t e r m i n e s t h e 

min imum l e v e l o f p u l s e s a c c e p t a b l e f o r n e u t r o n c o u n t i n g ; t h i s c o n t r o l i s 

a d j u s t e d t o d i s c r i m i n a t e b e t w e e n f i s s i o n e n e r g y p u l s e s and t h o s e due t o 

l e s s e r i o n i z i n g e v e n t s . 

A l i n e a r c o u n t - r a t e i n d i c a t i n g i n s t r u m e n t i s p r o v i d e d . I t r e a d s 

d i r e c t l y t h e o u t p u t o f t h e l i n e a r c o u n t - r a t e c i r c u i t , t h e same s i g n a l 

t h a t i s u s e d by t h e chamber p o s i t i o n i n g s e r v o . A r a n g e s w i t c h i s p r o -

v i d e d a d j a c e n t t o t h e i n s t r u m e n t , a n d a " t i m e c o n s t a n t " s w i t c h i n s i d e 

t h e m o d u l e . T h e l a t t e r a l l o w s t h e i n s t r u m e n t r e s p o n s e t o be s m o o t h e d a t 

t i m e s when t h e c o u n t r a t e i s l o w . T h i s i n s t r u m e n t i s i n t e n d e d f o r use 

i n Mode 2 and Mode 3 o p e r a t i o n , t o f a c i l i t a t e f i n e c o n t r o l a d j u s t m e n t s . 

O t h e r r e a d o u t s and c o n t r o l s a r e s u m m a r i z e d i n T a b l e 3 . 3 . 

3 . 2 . 7 S a f e t y s y s t e m 

E a c h o f t h e t h r e e i d e n t i c a l , i n d e p e n d e n t c h a n n e l s o f t h e s a f e t y s y s -

t e m m e a s u r e s and a n a l y z e s c o r e f l u x and p r i m a r y c o o l a n t f l o w , t e m p e r a t u r e , 

p r e s s u r e , a n d r a d i a t i o n t o d e t e r m i n e t h e e x i s t e n c e o f p o t e n t i a l l y u n s a f e 

c o n d i t i o n s . The p r i m a r y o u t p u t o f a s i n g l e c h a n n e l i s c u r r e n t f r o m f o u r 

m a g n e t a m p l i f e r s t o f o u r m a g n e t c o i l s , one e a c h i n t h e s c r a m l a t c h 

a s s e m b l i e s o f t h e f o u r o u t e r , s h i m - s a f e t y p l a t e d r i v e s . On r e c o g n i t i o n 

o f any o f s e v e r a l s c r a m c o n d i t i o n s , a c h a n n e l w i l l t u r n o f f t h e c u r r e n t 

i n i t s a s s o c i a t e d magnet c o i l s ( F i g . 3 . 1 1 ) by c o n t r o l o f t h e magnet 

a m p l i f i e r s . Scram c o n d i t i o n o b t a i n s when two o r t h r e e c h a n n e l s s i m u l t a -

n e o u s l y t u r n o f f c o i l c u r r e n t , r e l e a s i n g t h e a r m a t u r e s i n a l l f o u r s h i m -

s a f e t y p l a t e ' l a t c h e s f r o m t h e i r m a g n e t s . T h e p l a t e s i n t u r n a r e 

r e l e a s e d f r o m t h e d r i v e a s s e m b l i e s , S p r i n g s a c c e l e r a t e t h e i n s e r t i o n o f 

t h e f o u r p l a t e s d u r i n g t h e i r i n i t i a l t r a v e l , and t h e r e a f t e r t h e a c c e l e r -

a t i o n i s by g r a v i t y a l o n e . W i t h d r a w a l of t h e s h i m - r e g u l a t i n g c y l i n d e r 
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i s p r o h i b i t e d when s c r a m i s i n e f f e c t . The s a f e t y s y s t e m f u n c t i o n s a r e 

shown i n F i g . 3 . 1 2 . T a b l e 3 . 4 l i s t s s y s t e m r e a d o u t s and m a n u a l c o n t r o l s . 

T h e s a f e t y s y s t e m p r o c e s s and n u c l e a r m e a s u r e m e n t s a r e d e s c r i b e d 

b e l o w , i n a s s o c i a t i o n w i t h t h e s a f e t y s c r a m c r i t e r i a . F u r t h e r d e t a i l s 

a r e g i v e n u n d e r " P r o c e s s I n s t r u m e n t a t i o n , " i n S e c t i o n 3 . 3 , and i n F i g . 

3 . 8 . T h e " r a w " p r o c e s s i n f o r m a t i o n i s u l t i m a t e l y c o m b i n e d a n d / o r 

r e d u c e d t o v o l t a g e s i g n a l s r e p r e s e n t i n g t h e r e a c t o r c o n d i t i o n s o f 

i n t e r e s t . T h e s e s i g n a l s a r e f e d t o t h e c o m p a r a t o r e l e m e n t s , e a c h of 

w h i c h d e t e r m i n e s by c o m p a r i s o n w i t h a r e f e r e n c e s i g n a l w h e t h e r one p a r -

t i c u l a r v a r i a b l e i s w i t h i n a p r e s c r i b e d l i m i t . The r e f e r e n c e s i g n a l s 

a r e c o n s t a n t dc v o l t a g e s e x c e p t i n t h e f l u x / f l o w r a t i o c o m p a r a t o r e l e -

m e n t s , w h e r e f l u x and f l o w s i g n a l s a r e c o m p a r e d . 

Seven c o m p a r a t o r e l e m e n t s i n e a c h c h a n n e l a r e s p e c i a l l y c o n n e c t e d 

t o i n i t i a t e f a s t s c r a m r e q u e s t . I n t h i s a p p l i c a t i o n , e a c h c o m p a r a t o r 

d e v e l o p s a dc o u t p u t s i g n a l o f - 1 0 V when t h e m o n i t o r e d c o n d i t i o n i s 

" n o r m a l . " When t h e c o n d i t i o n changes t o beyond t o l e r a n c e , t h e c o m p a r a -

t o r o u t p u t changes i n s t a n t l y t o 0 V d c . T h e l a t t e r s i g n a l c o n s t i t u t e s 

a f a s t s c r a m r e q u e s t , w h i c h does n o t l a t c h . P a n e l l i g h t s d e s c r i b e t h e 

c o n d i t i o n o f e a c h c o m p a r a t o r t o i d e n t i f y t h e o r i g i n o f any f a s t s c r a m 

r e q u e s t . A u x i l i a r y r e l a y c o n t a c t s i n t h e c o m p a r a t o r s a c t u a t e t h e s c r a m 

r e q u e s t a n n u n c i a t o r s . 

A l o g i c "OR" n e t w o r k i n e a c h c h a n n e l a c c e p t s a l l o f t h e f a s t s c r a m 

c o m p a r a t o r o u t p u t v o l t a g e s i g n a l s f o r t h a t c h a n n e l , and t u r n s o f f t h e 

f o u r a s s o c i a t e d magnet a m p l i f i e r s when one or more c o m p a r a t o r s r e q u e s t 

s c r a m . A u x i l i a r y r e l a y s s e n s e t h e o u t p u t s of t h e t h r e e "OR" n e t w o r k s ; 

when any two c h a n n e l s r e q u e s t s c r a m , t h e r e l a y c o n t a c t s p r o h i b i t s h i m 

w i t h d r a w a l o f t h e N o . 5 s h i m - r e g u l a t i n g c y l i n d e r . T h e w i t h d r a w - p r o h i b i t 

r e l a y s l a t c h a f t e r a s c r a m r e q u e s t , and must be r e s e t . 



F i g . 3 . 1 2 . B l o c k d i a g r a m o f s a f e t y c h a n n e l No . 1 . 



T a b l e 3 . 4 . S a f e t y s y s t e m r e a d o u t s and manua l c o n t r o l s 

Item D e s c r i p t i o n L o c a t i o n Remarks 

R e c o r d e r : 2 Pen: 
X(fe 1 0 0 - 1 
XWR 1 0 0 - 1 

R e c o r d e r : 2 Pen: 
X0R 1 0 0 - 2 
XWR 1 0 0 - 2 

R e c o r d e r : 2 P e n : 
XCfR 1 0 0 - 3 
XWR 1 0 0 - 3 

R e c o r d e r : 2 Pen: 
FR 1 0 0 - 1 
X ( 0 / F ) R 1 0 1 - 1 

R e c o r d e r : 2 P e n : 
FR 1 0 0 - 2 
X ( 0 / F ) R 1 0 0 - 2 

R e c o r d e r : 2 P e n : 
FR 1 0 0 - 3 
X C 0 / F ) 1 0 0 - 3 

R e c o r d e r : 1 Pen: 
TR 1 0 0 - 1 A 

R e c o r d e r : 1 P e n : 
TR 1 0 0 - 2 A 

R e c o r d e r : 1 Pen: 
TR 1 0 0 - 3 A 

P a n e l B 

P a n e l G 

P a n e l D 

P a n e l B 
P a n e l B 

P a n e l C 
P a n e l C 

P a n e l B 

P a n e l C 

P a n e l D 

X0R r e a d s " R e s e t F l u x " s c a l e d i n % o f 
r e a c t o r r a t e d power f o r t h e o p e r a t i n g 
Modes 2 and 3 , r e a d i n g i s a c u t a l l y un-
c o r r e c t e d f l u x ) 

XWR r e a d s " H e a t P o w e r " s c a l e d i n % o f 
100 MW 

FR r e a d s " F l o w " o f p r i m a r y c o o l a n t i n % 
o f 1 . 2 6 m 3 / s ( 2 0 , 0 0 0 gpm) 

X ( 0 / F ) R r e a d s f l u x / f l o w r a t i o i n Mode 1 
o n l y ; Modes 2 and 3 i t r e a d s f l u x t o 
s c a l e o f f r a c t i o n o f r a t e d power f o r t h e 
mode 

TR r e c o r d s r e a c t o r i n l e t t e m p e r a t u r e o f 
p r i m a r y c o o l a n t , i n ° F 



Table 3.4. 

I t e m D e s c r i p t i o n Location 

R e c o r d e r : 1 Pen: 
TR 1 0 0 - l B 

R e c o r d e r : 1 Pen: 
TR 1 0 0 - 2 B 

R e c o r d e r : 1 Pen: 
TR L 0 0 - 3 B 

Magnet c o n t r o l a m p l i f i e r 
m o d u l e : 

( A ) O u t p u t c u r r e n t m e t e r 
( B ) " T e s t " s w i t c h ( s c r e w -

d r i v e r a c t u a t e d ) 
( C ) "Magnet c u r r e n t " a d j u s t 

( s c r e w d r i v e r a c t u a t e d 
p o t e n t i o m e t e r ) 

M e t e r m o d u l e : 
H e a t power i n d i c a t i n g 
i n s t r u m e n t 

F l u x a m p l i f i e r and chamber 
v o l t a g e s u p p l y m o d u l e : 

R e s e t f l u x i n d i c a t i n g 
i n s t r u m e n t 

P a n e l E 

P a n e l E 

P a n e l E 

4 e a c h , P a n e l s 
B , C, D * 

1 e a c h , P a n e l s 
B, C, D * 

1 e a c h , P a n e l s 
B, C, D * 

F l u x r e s e t m o d u l e : 
( A ) R e s e t g a i n i n d i c a t i n g 

i n s t r u m e n t 
( B ) Maximum g a i n i n d i c a t i n g 

lamp ( a m b e r ) 
( C ) Min imum g a i n i n d i c a t -

i n g lamp ( a m b e r ) 

L e a c h , P a n e l s 
B, C, D * 

(Continued) 

Remarks 

TR r e c o r d s r e a c t o r o u t l e t t e m p e r a t u r e o f 
p r i m a r y c o o l a n t , i n ° F 

" T e s t " s w i t c h s i m u l a t e s i n p u t sc ram 
r e q u e s t s i g n a l , w h i c h d r i v e s o u t p u t 
t o ( n e a r ) 0 . "Magnet C u r r e n t " a d j u s t -
ment s e t s r u n n i n g c u r r e n t t o m a g n e t . 
The f o u r magnet a m p l i f i e r s o f e a c h 
c h a n n e l e a c h s u p p l y one o f t h e t h r e e ^ 
magnet c o i l s i n one o f f o u r s h i m p l a t e 
l a t c h e s 

I n s t r u m e n t r e a d s h e a t power i n % o f 1 0 0 
MW ( s e e I t e m 1 , XWR) 

I n s t r u m e n t r e a d s " R e s e t F l u x " s c a l e d i n 
% o f r e a c t o r r a t e d power f o r t h e o p e r a -
t i n g mode ( t n Modes 2 and 3 , r e a d i n g i s 
a c t u a l l y u n c o r r e c t e d f l u x ; see I t e m 1 , 
X0R) 

I n s t r u m e n t r e a d s " r e l a t i v e f l u x a m p l i f i 
c a t i o n factor to a s c a l e o f 1 t o 1 . 3 3 , 
i n Mode 1 o p e r a t i o n ; r e s e t mechanism i s 
n o t e f f e c t i v e i n Modes 2 and 3 ; so 
r e a d i n g i s o f no significance then. 

Maximum and minimum g a i n lamps a r e e n e r -
g i z e d by l i m i t s w i t c h e s a t t h e e x t r e m e s 
o f t h e r e s e t s e r v o t r a v e l 



Table 3.4. 

I t e m D e s c r i p t i o n L o c a t i o n 

10 

N e u t r o n f l u x measurement 
i o n i z a t i o n c h a m b e r : 

V o l t a g e m o n i t o r and t e s t 
u n i t m o d u l e : 
( A ) Chamber v o l t a g e "normal" 

i n d i c a t i n g lamp ( g r e e n ) 
( B ) Chamber v o l t a g e " l o w " 

i n d i c a t i n g lamp ( r e d ) 
( C ) Chamber v o l t a g e l o w , 

" l a t c h " i n d i c a t i n g lamp 
( a m b e r ) 

( D ) Chamber v o l t a g e m o n i t o r 
" T e s t " p u s h b u t t o n 

( E ) Chamber v o l t a g e l o w , 
l a t c h , i n d i c a t i n g lamp 
" r e s e t " p u s h b u t t o n 

( F ) Chamber o u t p u t c u r r e n t 
s i m u l a t o r " t e s t " p u s h -
b u t t o n 

( G ) Chamber o u t p u t c u r r e n t 
s i m u l a t o r " a d j u s t " 
v e r n i e r c o n t r o l 

F a i l e d f u e l e l e m e n t 
d e t e c t o r m o d u l e : 

M e t e r I n d i c a t i n g R a d i a t i o n 
i n C o o l a n t D i s c h a r g e f r o m 
R e a c t o r 

I e a c h , P a n e l s 
B , C, D * 

1 e a c h P a n e l s 
B , C, D * 

(Continued) 

Remarks 

V o l t a g e m o n i t o r t e s t p u s h b u t t o n ( D ) s i m u -
l a t e s low chamber v o l t a g e c o n d i t i o n , i n 
o r d e r t o t e s t m o n i t o r . Lamps ( A ) , ( B ) , 
( C ) a r e l i t t o i n d i c a t e c o n d i t i o n 
e x i s t i n g . " R e s e t " ( E ) e x t i n g u i s h e s lamp 
( C ) , a f t e r chamber v o l t a g e i s r e s t o r e d 
t o n o r m a l . Chamber o u t p u t c u r r e n t s i m u -
l a t o r " T e s t " p u s h b u t t o n ( F ) adds a v o l t -
age s i g n a l t o t h e f l u x a m p l i f i e r o u t p u t . 
The m a g n i t u d e o f t h e s i g n a l i s a d j u s t -
a b l e by means of t h e " A d j u s t " v e r n i e r 
( G ) . C o n t r o l s ( F ) and (G) a r e i n t e n d e d 
f o r use i n c a l i b r a t i n g and c h e c k i n g 
o t h e r s a f e t y s y s t e m e l e m e n t s t h a t 
r e s p o n d t o chamber s i g n a l s . The s i g n a l 
r a n g e o f t h e v e r n i e r c o r r e s p o n d s t o Mode 
1 o p e r a t i o n , and t h e s e n s i t i v i t y o f 
a d j u s t m e n t i s somewhat c o a r s e i n r e l a -
t i o n t o t h e low power modes, 2 and 3 

Reads b e t a and gamma r a d i a t i o n f r o m w a t e r 
i n c o r e d i s c h a r g e l i n e 



Table 3.4. (Continued) 

Item D e s c r i p t i o n L o c a t i o n Remarks 

1 1 F a s t t r i p c o m p a r a t o r 
m o d u l e — s c r a m r e q u e s t ; 
( A ) " N o r m a l " i n d i c a t i n g 

l amp 
( B ) " T r i p " i n d i c a t i n g lamp 
( C ) T r i p " l a t c h " i n d i c a t i n g 

lamp 
( D ) L a t c h " r e s e t " p u s h -

b u t t o n 
( E ) " T r i p " t e s t , s c r e w -

d r i v e r a c t u a t e d s w i t c h 
( F ) P r e s s u r e : 3 p u s h -

b u t t o n s 
( G ) F a i l e d f u e l e l e m e n t 

d e t e c t o r : 6 p u s h -
b u t t o n s 

( H ) L o w - l o w - f l o w : 6 p u s h -
b u t t o n s 

( I ) Mode i n d i c a t i n g l a m p s : 
9 

( J ) F a i l e d f u e l e l e m e n t 
d e t e c t o r p o s i t i o n i n d i -
c a t i n g l a m p s : 6 

8 e a c h , P a n e l s 
B , C, D * 

R a t e , f l u x / f l o w 
H e a t p o w e r , 
I n l e t t e m p . , 
L o w - l o w - f l o w , 
P r e s s u r e , 
F a u l t y f u e l e l e m e n t 

d e t e c t o r , 
s p a r e ( 1 ) . 

Lamp ( A ) i s l i t when t h e m o n i t o r e d v a r i -
a b l e i s " N o r m a l " and t h e module i s 
r e s e t . Lamps ( B ) and ( C ) l i g h t and 
lamp ( A ) e x t i n g u i s h e s when t h e m o n i t o r e d 
v a r i a b l e causes t h e c o m p a r a t o r t o 
r e q u e s t s c r a m . Lamp ( C ) r e m a i n s l i t , 
a f t e r t h e m o n i t o r e d v a r i a b l e has r e -
t u r n e d t o n o r m a l and u n t i l " R e s e t " ( D ) 
p u s h b u t t o n i s d e p r e s s e d 



Table 3.4. (Continued) 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

12 

13 

14 

F a s t t r i p c o m p a r a t o r 
m o d u l e — a u x i l i a r y c o n t r o l : 
( A ) t h r o u g h ( E ) same as 11 
a b o v e 

L o g i c "Or" m o d u l e : 
" t r i p l o c k " ( s c r e w d r i v e r 
a c t u a t e d s w i t c h ) 

T e s t p a n e l 
(A) Chamber add: 

9 p u s h b u t t o n s 
( B ) C u r r e n t ramp: 

9 p u s h b u t t o n s 
( C ) R a t e : 

9 p u s h b u t t o n s 
( D ) H e a t p o w e r : 

6 pushbuttons 
( E ) I n l e t t e m p . : 

6 p u s h b u t t o n s 
( F ) F l u x / f l o w : 

3 p u s h b u t t o n s 

5 e a c h , P a n e l s 
B , C, D * 

" P H : % and N L , " 
" 0 R : Np and N L , " 
" P H 5 MW," 
s p a r e s ( 2 ) 

1 e a c h , P a n e l s B, C, 
D* 

R i g h t - h a n d p a n e l o f 
c o n s o l e : I t e m s A 
t h r o u g h G a r r a n g e d 
by columns a c c o r d -
i n g t o f u n c t i o n s A 
H , and by t h r e e 
g r o u p s o f 3 rows 
e a c h . Group c o r r e -
sponds t o c h a n n e l , 
and row c o r r e s p o n d s 
t o o p e r a t i n g mode, 
w h i c h i s i d e n t i f i e d 
by lamp ( I ) . 

Same as ( 1 1 ) a b o v e , e x c e p t - .hat t h e r e i s 
no l a t c h a c t i o n ( i . e . , " l a t c h " lamp 
m e r e l y f o l l o w s t h e " t r i p " l a m p ) . " R e s e t " 
p u s h b u t t o n has no f u n c t i o n . I n "P j j 
5 MW" u n i t , t r i p c o n d i t i o n o b t a i n s v/hen 
h e a t power i s l e s s t h a n 5 MW. O u t p u t s 
o f t h e s e u n i t s a r e i n c o n t r o l s y s t e m 

S w i t c h p l a c e s " O r " g a t e i n t r i p p e d c o n -
d i t i o n . E a c h s w i t c h may be used t o t e s t 
t h e magnet c o n t r o l a m p l i f i e r s r e s p o n s e 
t o s c r a m r e q u e s t i n one c h a n n e l . S w i t c h 
i s a l s o i n t e n d e d to s e c u r e a m a l f u n c t i o n -
i n g c h a n n e l i n sc ram c o n d i t i o n when t h i s 
i s r e q u i r e d 

P u s h b u t t o n s w i t c h e s i n i t i a t e t e s t s . 
F u n c t i o n ( c o l u m n ) s e l e c t i o n i s i n t e n d e d 
o n l y f o r mode ( r o w ) o p p o s i t e e n e r g i z e d 
lamps ( I ) . P u s h b u t t o n s must be d e p r e s s e d 
and h e l d w h i l e t e s t i s i n p r o g r e s s . When 
FFED p u s h b u t t o n i s r e l e a s e d , s h i e l d i s 
r e s t o r e d and "FFED O p e r a t e " lamp t u r n s 
on 



Table 3.4. (Continued) 

I t e m D e s c r i p t i o n L o c a t i o n Remarks 

15 

16 

T e s t p a n e l — c e n t r a l p l a t e 
w i t h d r a w i n h i b i t : 
( A ) M o t o r c u r r e n t i n d i -

c a t i n g m e t e r s ( ? ) 
( B ) " R e s e t " i n d i c a t i n g 

lamp ( 3 ) 
( C ) " R e s e t " p u s h b u t t o n ( 3 ) 

R i g h t - h a n d p a n e l o f 
c o n s o l e 

T i m e - o f - f l i g h t t e s t 
( A ) F u n c t i o n s e l e c t o r 

s w i t c h 
( B ) " I n i t i a t e t e s t " 

p u s h b u t t o n 
( C ) C h a n n e l s e l e c t o r 

s w i t c h e s ( 3 ) 

A u x i l i a r y c o n t r o l 
room 

When t h e c y l i n d r i c a l p l a t e i s b e i n g w i t h -
drawn by t h e s h i m d r i v e t h e d r i v e motor 
c u r r e n t i s n o r m a l l y d i v i d e d e q u a l l y 
among t h r e e m e t e r i n g c i r c u i t s and i s 
i n d i c a t e d on t h e t h r e e ammeters ( A ) . 
Two o f t h e c i r c u i t s a r e i n t e r r u p t e d 
when one s a f e t y c h a n n e l e f f e c t s s low o r 
f a s t s c r a m . A l l t h r e e c i r c u i t s a r e 
i n t e r r u p t e d when two c h a n n e l s s c r a m , 
t h e r e b y i n h i b i t i n g s h i m w i t h d r a w a l . 
O p e r a t i o n o f t h e r e l a y s , one f o r e a c h 
c h a n n e l , t h a t e f f e c t t h e c i r c u i t i n t e r -
r u p t i o n s i s i d e n t i f i e d by t h e " R e s e t " 
i n d i c a t i n g lamps ( B ) w h i c h e x t i n g u i s h 
when t h e r e l a y t r i p s . The a f f e c t e d 
r e l a y l a t c h e s o u t a f t e r a sc ram r e q u e s t , 
and must be r e s t o r e d by i t s " R e s e t " push-
b u t t o n ( C ) f o l l o w i n g c l e a r a n c e o f t h e 
s c r a m r e q u e s t 

C h a n n e l s e l e c t o r s w i t c h e s ( C ) a r e c l o s e d 
t o d e t e r m i n e w h i c h c h a n n e l s w i l l r e q u e s t 
s c r a m ( i . e . , t h r e e c h a n n e l s o r any t w o ) , 
i n r e s p o n s e to " I n i t i a t e t e s t " p u s h -
b u t t o n ( B ) . The l a t t e r a l s o s t a r t s 
i n t e r v a l t i m e r s ( D ) , ( E ) , ( F ) , ( G ) , and 
( I ) , w h i c h s t o p a u t o m a t i c a l l y when t h e i r 



Table 3.4. 

I t e m D e s c r i p t i o n L o c a t i o n 

( D ) D i g i t a l t i m e r r e a d o u t - -
"Rod No . 1 " r e s p o n s e 
t i m e 

( E ) D i g i t a l t i m e r r e a d o u t — 
"Rod No. 2 " r e s p o n s e 
t i m e 

( F ) D i g i t a l t i m e r r e a d o u t — 
"Rod No . 3 " r e s p o n s e 
t i m e 

( G ) D i g i t a l t i m e r r e a d o u t — 
"Rod N o . 4 " r e s p o n s e 
t i m e 

( H ) D i g i t a l t i m e r r e s e t 
p u s h b u t t o n ( 3 ) 

( I ) PDP 1 1 / 6 0 
( J ) T r a n s f e r s w i t c h 

17 Scram s w i t c h ( S - 1 0 ) C o n s o l e 

18 t K e y s w i t c h ( S - l ) C o n s o l e 

19 t R a i s e - t e s t s w i t c h ( S - 9 ) C o n s o l e 

20 Scram r e s e t p u s h b u t t o n C o n s o l e 
( S - 1 5 ) 

2 1 -fMode s e l e c t s w i t c h ( S - 2 2 ) C o n s o l e 

(Continued) 

Remarks 

r e s p e c t i v e measurement c y c l e s a r e com-
p l e t e d . The t i m e r s m o n i t o r t h e f u n c t i o n 
s e l e c t e d by s w i t c h ( A ) , and a r e r e s e t 
m a n u a l l y by s w i t c h e s ( H ) . The compute r 
m o n i t o r s a l l t h r e e p a r a m e t e r s o f any or 
a l l p l a t e s t h a t a r e scrammed. S w i t c h 
( J ) s e l e c t s e i t h e r t h e t i m e r s o r t h e 
compute r f o r r e s p o n s e t i m e measurements 

M a n u a l c o n t r o l o f "S low Scram'' 
A d m i n i s t r a t i v e c o n t r o l of r e a c t o r , by 

c o n t r o l o f m a i n power s u p p l y to magnet 
a m p l i f i e r s 

A u t o m a t i c s l o w s c r a m i n " t e s t " p o s i t i o n . 

R e s t o r e power t o magnet a m p l i f i e r s , a f t e r 
k e y s w i t c h i s t u r n e d "on" o r s l o w scram 
c o n d i t i o n s have been removed 

E s t a b l i s h e s f u n c t i o n c r i t e r i a c o n s i s t e n t 
w i t h o p e r a t i n g mode l i m i t s and c o n d i t i o n s 



Table 3.4. 

Item D e s c r i p t i o n L o c a t i o n 

22 t P l a t e c l u t c h lamps ( 4 ) C o s o l e 

23 t P l a t e s e a t lamps ( 4 ) C o n s o l e 

24 tChamber p o s i t i o n a d j u s t - P o o l s i d e 
ment h a n d w h e e l s ( 3 ) 

25 A n n u n c i a t o r p o i n t s : 

( A ) F a s t s c r a m r e q u e s t s : 
R a t e t r i p -

C h a n n e l A 
C h a n n e l B 
C h a n n e l C 

L e v e l t r i p ( i . e . , 
F l u x / f l o w r a t i o o r 
e x c e s s i v e f l u x ) -

C h a n n e l A 
C h a n n e l B 
C h a n n e l C 

H i g h i n l e t 
t r i p -

C h a n n e l A 
C h a n n e l B 
C h a n n e l C 

t e m p e r a t u r e 

A n n . P a n e l B 
Ann . P a n e l C 
Ann . P a n e l D 

Ann. P a n e l B 
Ann. P a n e l C 
Ann. P a n e l D 

Ann. P a n e l B 
Ann. P a n e l C 
Ann. P a n e l D 

(Continued) 

Remarks 

M o n i t o r s s h i m - s a f e t y p l a t e c l u t c h e d t o 
d r i v e ( e x t i n g u i s h e d when p l a t e c l u t c h e d ) 

M o n i t o r s s h i m - s a f e t y p l a t e s e a t e d ( e n e r -
g i z e d when p l a t e s e a t e d ) 

P o s i t i o n chambers so t h a t chamber 
r e s p o n s e t o r a n g e o f n e u t r o n f l u x i n t e n -
s i t y i s w i t h i n c o r r e c t i o n span of f l u x 
r e s e t d e v i c e 

See Volume 2 , S e c t i o n 2 . 4 , 
" A n n u n c i a t o r P r o c e d u r e s " 

P o i n t 5 
P o i n t 5 
P o i n t 5 

P o i n t 8 
P o i n t 8 
P o i n t 8 

P o i n t 11 
P o i n t 11 
P o i n t 11 
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I t e m D e s c r i p t i o n L o c a t i o n Remarks 

Low p r e s s u r e t r i p -
C h a n e l A A n n . p a n e l B P o i n t [4 
C h a n e l B Ann. p a n e l C P o i n t 14 
C h a n e l C Ann. p a n e l D P o i n t 14 

H e a t power t r i p -
C h a n n e l A. Ann. p a n e l B P o i n t 7 
C h a n n e l B Ann . p a n e l C P o i n t 7 
C h a n n e l C Ann. p a n e l D P o i n t 7 

L o w - l o w - f l o w t r i p -
C h a n n e l A Ann . p a n e l B P o i n t 15 
C h a n n e l B Ann. p a n e l C P o i n t 15 
C h a n n e l C Ann. p a n e l D P o i n t 15 

F a i l e d f u e l e l e m e n t 
d e t e c t o r -

C h a n n e l A Ann. p a n e l B P o i n t 20 
C h a n n e l B Ann . p a n e l C P o i n t 20 
C h a n n e l C Ann . p a n e l D P o i n t 20 

( B ) R e v e r s e r e q u e s t s 
1 . 5 N l : 

C h a n n e l A A n n , p a n e l B P o i n t 9 
C h a n n e l B A n n , p a n e l C P o i n t 9 
C h a n n e l C Ann . p a n e l D P o i n t 9 

1.1 
C h a n n e l A Ann , p a n e l B P o i n t 12 
C h a n n e l B Ann , p a n e l C P o i n t 12 
C h a n n e l C Ann . p a n e l D P o i n t 12 
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I t e m D e s c r i p t i o n L o c a t i o n Remarks 

( C ) Slow scram r e q u e s t -
C h a n n e l A Ann. p a n e l B P o i n t 2 
C h a n n e l B Ann. p a n e l C P o i n t 2 
C h a n n e l C Ann. p a n e l D P o i n t 2 

( D ) I o n i z a t i o n chamber 
v o l t a g e l o w , o r l o s s 
o f module c o n t i n u i t y -

C h a n n e l A Ann. p a n e l B P o i n t 18 
C h a n n e l B Ann. p a n e l C P o i n t 18 
C h a n n e l C Ann. p a n e l D P o i n t 18 

* M o d u l e s a r e l o c a t e d i n s a f e t y s e c t i o n o f each p a n e l , i n t h e d r a w e r s d e s i g n a t e d " S . " ( S i m i l a r 
modu les a p p e a r i n t h e s e r v o and c o u n t - r a t e s e c t i o n s , as d e s c r i b e d i n T a b l e s 3 . 2 and 3 . 3 . ) I t e m s 
l i s t e d a r e on f r o n t p a n e l s o f m o d u l e s ; a d d i t i o n a l t e s t and c a l i b r a t i o n f a c i l i t i e s a r e i n s i d e modules 
o r d r a w e r s , and a r e d e s c r i b e d i n t h e m a i n t e n a n c e p r o c e d u r e s . 

t l t e m s h a v e c o n t r o l f u n c t i o n s as w e l l as t h e i d i c a t e d s a f e t y f u n c t i o n s ; c o n t r o l f u n c t i o n s a r e 
d e s c r i b e d u n d e r " R e a c t o r C o n t r o l S y s t e m . " 
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A u x i l i a r y c o n t r o l a c t i o n . F o u r o t h e r c o m p a r a t o r e l e m e n t s a r e a p p l i e d 

i n e a c h c h a n n e l t o p e r f o r m a u x i l i a r y c o n t r o l f u n c t i o n s . A l t h o u g h t h e y 

s h a r e power s u p p l i e s and some o f t h e i n p u t i n f o r m a t i o n s i g n a l s w i t h t h e 

f a s t s c r a m c o m p a r a t o r s , t h e y a r e n o t c o n s i d e r e d a p a r t o f t h e s a f e t y 

s y s t e m . T h e i r o u t p u t s a r e r e l a y c o n t a c t o p e r a t i o n s o n l y , r e p r e s e n t i n g 

r e s p e c t i v e l y : ( 1 ) r e v e r s e r e q u e s t f o r e x c e s s p o w e r , b a s e d o n r e s e t f l u x 

m e a s u r e m e n t ; ( 2 ) r e v e r s e r e q u e s t f o r e x c e s s p o w e r , b a s e d on h e a t power 

m e a s u r e m e n t ; ( 3 ) p e r m i t f o r c o n t r o l s y s t e m t o e n t e r and r e m a i n i n "Run" 

c o n d i t i o n when h e a t power i s a b o v e 5 MW; and ( A ) a i r m o t o r i n s e r t b a s e d 

on r e s e t f l u x / f l o w r a t i o . T h e c o n t r o l a c t i o n s a r e e f f e c t e d o n l y upon 

l i k e r e q u e s t s by two o r t h r e e c h a n n e l s , o r upon c o n c u r r e n t r e q u e s t s o f 

d i f f e r e n t o r i g i n , as d e s c r i b e d u n d e r " C o n t r o l S y s t e m . " The r e v e r s e -

i n i t i a t i n g c o m p a r a t o r s a r e i n t e n d e d t o c o n t r o l power e x c u r s i o n s , t h e r e b y 

e l i m i n a t i n g t h e n e c e s s i t y f o r s c r a m r e s p o n s e i n some i n s t a n c e s . 

A r e l a y m a t r i x r e c o g n i z e s when two o u t o f t h r e e o f f a i l e d f u e l e l e -

ment d e t e c t o r f a s t s c r a m c o m p a r a t o r s have t r i p p e d , and t h e r e b y i n i t i a t e s 

c l o s u r e o f ( a ) t h e p r i m a r y c o o l a n t l e t down b l o c k v a l v e s , ( b ) t h e 

v e s s e l v e n t v a l v e , and ( c ) a b l o c k v a l v e i n t h e s a m p l i n g l i n e f o r f u e l 

c l a d d i n g f a i l u r e d e t e c t o r s y s t e m s 2 0 0 and 253 ( s e e S e c t i o n 3 . 3 ) . 

"Mode" s e l e c t i o n o f c r i t e r i a . C e r t a i n o f t h e a b o v e d e s c r i b e d s a f e t y 

and c o n t r o l r e s p o n s e c r i t e r i a a r e d e t e r m i n e d by t h e c o n t r o l s y s t e m 

t h r o u g h t h e mode s e l e c t i o n f e a t u r e . The changes e s s e n t i a l l y a f f e c t t h e 

q u a n t i t i e s s e e n by t h e c o m p a r a t o r s , i n one or more o f t h e f o l l o w i n g w a y s : 

( 1 ) a m e a s u r e m e n t - p r o p o r t i o n a l i n p u t s i g n a l v o l t a g e may be b l o c k e d , d i s -

a b l i n g t h e c o m p a r a t o r e n t i r e l y ; ( 2 ) c o r r e c t i o n s t o a m e a s u r e m e n t s i g n a l 

may be a p p l i e d o r r e m o v e d as n e c e s s a r y t o m o d i f y r e s p o n s e c r i t e r i a ; ( 3 ) 
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t h e p r o p o r t i o n a l i t y o f a s i g n a l t o i t s p r i m a r y m e a s u r e d q u a n t i t y may be 

c h a n g e d ; o r ( 4 ) t h e l e v e l o f a c o n s t a n t r e f e r e n c e s i g n a l may be c h a n g e d . 

T h e e f f e c t s o f such c h a n g e s a r e s u m m a r i z e d f o r t h e s c r a m c o m p a r a t o r s i n 

t h e d e s c r i p t i o n s o f t h e i n d i v i d u a l s c r a m c r i t e r i a . The a u x i l i a r y com-

p a r a t o r s t h a t m o n i t o r h e a t power a n d r e s e t f l u x a r e s u b j e c t t o change o f 

t h e i r r e f e r e n c e s i g n a l s , s u c h t h a t i n "Mode 1 - R u n " c o n d i t i o n t h e y i n i t i -

a t e r e v e r s e a t 110 MW i n "Mode 1 — S t a r t , " a t 15 MW. I n Modes 2 and 3 , 

t h e p e r m i s s i b l e r e a c t o r power i s b e l o w t h e s e n s i b l e l e v e l f o r h e a t - p o w e r 

m e a s u r e m e n t , and no f u r t h e r change i s made t o s e c u r e h e a t power c o m p a r a -

t o r r e s p o n s e u n d e r t h e s e c o n d i t i o n s . V a l i d f l u x m e a s u r e m e n t s a r e a v a i l -

a b l e , h o w e v e r , and a p p r o p r i a t e changes a r e made i n t h e f l u x s i g n a l 

a m p l i f i c a t i o n f a c t o r i n o r d e r t h a t t h e f l u x c o m p a r a t o r may i n i t i a t e 

r e v e r s e a t 110% o f t h e r e s p e c t i v e Mode 2 and Mode 3 power l i m i t s . The 

f l u x s i g n a l i s f u r t h e r m o d i f i e d by e l i m i n a t i n g t h e h e a t p o w e r and a f t e r -

h e a t c o r r e c t i o n s i n Modes 2 and 3 , so t h a t t h e s i g n a l i s no l o n g e r 

" R e s e t " f l u x . T h e s e c o r r e c t i o n s a r e d i s c u s s e d i n f u r t h e r d e t a i l i n c o n -

j u n c t i o n w i t h t h e s c r a m c r i t e r i a . 

S l o w s c r a m . A d m i n i s t r a t i v e c o n t r o l o f t h e r e a c t o r i s e x e r c i s e d by 

c o n v e n t i o n a l s l o w - s c r a m a r r a n g e m e n t s . T h u s , t h e m a i n power t o a l l o f 

t h e s a f e t y m a g n e t a m p l i f i e r s i s i n t e r r u p t e d by any o f t h e f o l l o w i n g 

c o n t r o l s y s t e m c o n d i t i o n s : ( 1 ) k e y s w i t c h ( S - l ) " O f f , " ( 2 ) r a i s e - t e s t 

s w i t c h ( S - 9 ) i n " T e s t , " o r ( 3 ) s c r a m s w i t c h ( S - 1 0 ) i n " S c r a m . " The 

m a g n e t a m p l i f i e r s a r e a l s o d e - e n e r g i z e d i n a n i n d i v i d u a l s a f e t y c h a n n e l 

w h e n , ( 1 ) t h e v o l t a g e o u t p u t o f t h e power s u p p l y f o r t h e n e u t r o n 

f l u x i o n i z a t i o n chamber f a l l s b e l o w 60% o f t h e n o r m a l 2 5 0 - V l e v e l o r ( 2 ) 

" m o d u l e c o n t i n u i t y " i s b r o k e n by d i s c o n n e c t i n g one o f t h e m o d u l e s f o r 

t h a t s a f e t y c h a n n e l f r o m t h e p l u g i n i t s p a n e l d r a w e r . U n d e r a l l o f t h e 
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f o r e g o i n g c o n d i t i o n s , t h e a m p l i f i e r s w h i c h a r e d e - e n e r g i z e d r e m a i n so 

u n t i l t h e i n i t i a t i n g c o n d i t i o n i s c l e a r e d and t h e r e s e t p u s h b u t t o n 

( S - 1 5 ) i s a c t u a t e d . E a c h c h a n n e l has two s l o w - s c r a m a n n u n c i a t o r p o i n t s 

on i t s a s s o c i a t e d a n n u n c i a t o r p a n e l ; one s i g n a l s a l l o f t h e above 

d e s c r i b e d scra i ' i r e q u e s t s , a n d t h e o t h e r s i g n a l s " c h a m b e r l o w v o l t a g e " 

and " m o d u l e d i s c o n t i n u i t y . " T h u s , a g e n e r a l s l o w s c r a m s u c h as t h a t 

f r o m t h e s c r a m s w i t c h w i l l be a n n u n c i a t e d by t h r e e " s l o w s c r a m " p o i n t s , 

e a c h on a s e p a r a t e a n n u n c i a t o r p a n e l , and e i t h e r f o r m o f s i n g l e c h a n n e l 

t r o u b l e s l o w s c r a m r e q u e s t i s a n n u n c i a t e d by two p o i n t s on t h e same 

a n n u n c i a t o r p a n e l . 

A s e v e r e d r o p I n t h e v o l t a g e o f t h e b a t t e r y s u p p l y i n g one s a f e t y 

c h a n n e l can p r o d u c e a s l o w - s c r a m r e q u e s t f r o m t h a t c h a n n e l by any o f 

s e v e r a l m e c h a n i s m s , d e p e n d i n g on t h e m a g n i t u d e a n d d u r a t i o n o f t h e 

d i s t u r b a n c e . I n a d d i t i o n , power i s i n t e r r u p t e d t o a l l o f t h e magnet 

a m p l i f i e r s a s s o c i a t e d w i t h a n y s h i m - s a f e t y p l a t e ( i . e . , one a m p l i f i e r 

i n e a c h c h a n n e l ; when t h a t p l a t e i s s e p a r a t e d f r o m i t s d r i v e ( i . e . , 

n o t " c l u t c h e d " ) . 

F a s t s c r a m . T h e f o l l o w i n g s u m m a r i z e s t h e f a s t s c r a m c r i t e r i a 

r e c o g n i z e d by e a c h c h a n n e l : 

1 . R e a c t o r h e a t power e x c e s s i v e 

P r o c e s s i n s t r u m e n t s y s t e m 1 0 0 - 1 , - 2 , a n d - 3 p r o v i d e 

s i g n a l s p r o p o r t i o n a l t o t h e r a t e o f h e a t power g e n e r a t i o n i n 

t h e r e a c t o r , f o r s a f e t y c h a n n e l s 1 , 2 , and 3 , r e s p e c t i v e l y . 

E a c h p r o c e s s s y s t e m d e r i v e s c o o l a n t f l o w i n f o r m a t i o n f r o m a 

d i f f e r e n t i a l p r e s s u r e c e l l a c r o s s t h e common V e n t u r i f l o w 

e l e m e n t F E - 1 0 0 , m e a s u r e s c o r e i n l e t and o u t l e t t e m p e r a t u r e s 

by r e s i s t a n c e d e v i c e s , and c o m b i n e s t h e i n f o r m a t i o n e l e c t r i -

c a l l y i n a h e a t power c o m p u t e r ( s e e F i g . 3 . 1 3 ) . T h e c o m p u t e r 
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o u t p u t s e n t e r t h e t r i p c o m p a r a t o r s d i r e c t l y f o r c o m p a r i s o n w i t h 

f i x e d r e f e r e n c e s i g n a l s . Scram r e q u e s t o b t a i n s when t h e r e a c -

t o r power r e a c h e s 1 2 0 MW i n Mode 1 o p e r a t i o n , o r 12 MW i n Modes 

2 and 3 . H o w e v e r , t h e s y s t e m s do n o t a c t u a l l y f u n c t i o n d u r i n g 

Mode 3 o p e r a t i o n s i n c e t h e r e i s no e f f e c t i v e m e a s u r e m e n t o f 

h e a t p o w e r . 

2 . R e a c t o r n e u t r o n f l u x e x c e s s i v e a n d / o r f l u x / f l o w r a t i o 
e x c e s s i v e 

The n e u t r o n f l u x s c r a m s y s t e m s p r o v i d e t h e b a s i c f a s t -

r e s p o n s e s h u t d o w n p r o t e c t i o n a g a i n s t r e a c t o r power e x c u r s i o n s . 

Added f e a t u r e s e n a b l e t h e s y s t e m s , d u r i n g Mode 1 o p e r a t i o n , t o 

r e c o g n i z e r e d u c t i o n s o f p r i m a r y c o o l a n t f l o w and r e d u c e t h e i r 

p o w e r - l i m i t i n g t r i p s e t t i n g s p r o p o r t i o n a l l y . C o r e damage t h u s 

may b e p r e v e n t e d t h r o u g h prompt s h u t d o w n o f t h e r e a c t o r w h e n -

e v e r t h e s e r v o a n d c o n t r o l s y s t e m s a r e u n a b l e t o e f f e c t an 

o r d e r l y power r e d u c t i o n as i n t e n d e d , d u r i n g a r e d u c t i o n i n 

c o o l i n g c a p a c i t y . D u r i n g Modes 2 and 3 o p e r a t i o n , f i x e d s c r a m 

t r i p l e v e l s a r e s u b s t i t u t e d f o r t h e f l o w d e p e n d e n t power 

l i m i t s . 

I n Mode 1 o p e r a t i o n , f o r e a c h c h a n n e l , a s i g n a l r e p r e s e n t -

i n g c o r e power i s compared w i t h a c o o l a n t f l o w s i g n a l . S c r a m 

r e q u e s t o b t a i n s when t h e c o r e p o w e r e x c e e d s : ( f r a c t i o n o f f u l l 

c o o l a n t f l o w ) x ( 1 3 0 MW) . The p r i m a r y m e a s u r e m e n t o f c o r e 

p o w e r i s by e l e c t r i c c u r r e n t i n an u n c o m p e n s a t e d i o n i z a t i o n 

c h a m b e r , p r o p o r t i o n a l t o n e u t r o n f l u x . E a c h s a f e t y chamber 

s h a r e s t h e same h o u s i n g w i t h a s e r v o s y s t e m chamber o f 

c o r r e s p o n d i n g c h a n n e l n u m b e r , b u t i s o t h e r w i s e i n d e p e n d e n t . 
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F r o m e a c h " r a w " f l u x m e a s u r e m e n t a " R e s e t F l u x " s i g n a l i s d e v e l -

o p e d e x a c t l y as f o r t h e s e r v o s y s t e m d e s c r i b e d i n S e c t i o n 3 . 2 . 5 . 

T h e s i g n a l p r o c e s s i n g c o n s i s t s o f a m p l i f i c a t i o n , c o n t i n u o u s 

c a l i b r a t i o n a g a i n s t a n a c c u r a t e h e a t power m e a s u r e m e n t , and 

c o r r e c t i o n f o r a f t e r h e a t . P r o c e s s s y s t e m s 1 0 0 - 1 , - 2 , and - 3 

p r o v i d e t h e c o o l a n t f l o w and h e a t power i n f o r m a t i o n t o t h e s e 

s y s t e m s as w e l l as f o r t h e a b o v e o u t l i n e d h e a t power s c r a m . 

T h e n e u t r o n f l u x s c r a m s y s t e m s a r e m o d i f i e d as f o l l o w s f o r 

r e a c t o r o p e r a t i o n i n Modes 2 a n d 3 : 

a . A f i x e d r e f e r e n c e s i g n a l i s s u b s t i t u t e d f o r t h e f l o w 

s i g n a l i n t h e t r i p c o m p a r a t o r , so t h a t t h e s c r a m c i r c u i t 

t h e n r e s p o n d s t o f l u x l e v e l a l o n e , w i t h o u t r e g a r d t o f l o w . 

A t t h e l o w power l e v e l s p e r m i t t e d , t h e r e i s no c o o l a n t 

f l o w r e q u i r e m e n t a t a l l i n Mode 3 and o n l y "pony m o t o r " 

f l o w n e c e s s a r y f o r Mode 2 . D u r i n g Mode 2 o p e r a t i o n , t h e 

l o w - l o w - f l o w t r i p e l e m e n t ( I t e m 5 b e l o w ) c o n t i n u e s t o 

m o n i t o r f o r t h e c o n d i t i o n o f c o o l a n t f l o w l e s s t h a n 

r e q u i r e d f o r t h e Mode 2 power l i m i t . 

b . T h e f l u x r e s e t s y s t e m s , w h i c h c a l i b r a t e t h e " r a w " f l u x 

s i g n a l s a g a i n s t h e a t power m e a s u r e m e n t s and c o r r e c t them 

f o r a f t e r h e a t , a r e a b a n d o n e d , so t h a t t h e r e a c t o r power 

s i g n a l s a p p l i e d t o t h e c o m p a r a t o r s a r e i n s i m p l e p r o p o r t i o n 

t o t h e " r a w " f l u x m e a s u r e m e n t s . N e i t h e r f o r m o f c o r r e c t i o n 

w o u l d c o n t r i b u t e s i g n i f i c a n t l y t o t h e s a f e t y s y s t e m e f f e c -

t i v e n e s s a t t h e r e d u c e d power l e v e l s . I n a d d i t i o n , t h e 

p o w e r l i m i t s a r e b e l o w t h e l e v e l o f s e n s i b l e h e a t power 

m e a s u r e m e n t . 
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c . The a m p l i f i c a t i o n a p p l i e d t o t h e " r a w " f l u x s i g n a l s i s 

c h a n g e d f o r Mode 2 and a g a i n f o r Mode 3 . The changes 

s c a l e t h e f l u x a m p l i f i e r o u t p u t s i g n a l s s o t h a t , when com-

p a r e d w i t h t h e f i x e d r e f e r e n c e s i g n a l o f ( a ) a b o v e , t h e y 

w i l l e f f e c t s c r a m r e q u e s t s i n t h e c o m p a r a t o r s a t 130% o f 

t h e r e s p e c t i v e mode power l i m i t s . The a m p l i f i e d " r a w " 

f l u x s i g n a l s a r e d i s p l a y e d on t h e " R e s e t F l u x " and " F l u x / 

F l o w R a t i o " r e a d o u t i n s t r u m e n t s , t h e r e a d i n g s a p p e a r i n g 

d i r e c t l y i n t e r m s o f p e r c e n t o r f r a c t i o n o f t h e power 

l i m i t f o r t h e mode i n e f f e c t . 

3 . C o r e power r a t e - o f - i n c r e a s e e x c e s s i v e 

T h e most s e v e r e a c c i d e n t c o n s i d e r e d i n t h e d e v e l o p m e n t 

s t u d i e s i n v o l v e d a sudden a d d i t i o n o f r e a c t i v i t y r e s u l t i n g f r o m 

a v o i d b e i n g s w e p t i n t o t h e c o r e t a r g e t r e g i o n . T h e s t u d i e s 

i n d i c a t e d t h a t t h e c o n s e q u e n t power e x c u r s i o n w o u l d be t e r -

m i n a t e d by l e v e l t r i p s a f e t y a c t i o n ( i . e . , " R e a c t o r N e u t r o n 

F l u x E x c e s s i v e " ) p r o m p t l y e n o u g h t o a v o i d any s e r i o u s damage 

t o t h e c o r e . H o w e v e r , f o r a c c i d e n t s i n i t i a t e d a t f u l l p o w e r , 

t h e s a f e t y a c t i o n c a n be a d v a n c e d s i g n i f i c a n t l y by i n i t i a t i n g 

s c r a m when t h e c o r e power r a t e - o f - i n c r e a s e e x c e e d s a p r e s e t 

v a l u e , 2 0 MW p e r s e c o n d f o r Mode 1 o p e r a t i o n . T h e Mode 1 

s e t t i n g o f 2 0 MW p e r s e c o n d i s s u b s t a n t i a l l y a b o v e t h e maximum 

p o w e r i n c r e a s e r a t e p e r m i t t e d by c o r r e c t a u t o m a t i c c o n t r o l 

a c t i o n , w h i c h i n c l u d e s p r o h i b i t i n g a l l p l a t e w i t h d r a w a l s when 

t h e r a t e e x c e e d s 5 MW p e r s e c o n d . 

T h e power r a t e - o f - i n c r e a s e s i g n a l i s o b t a i n e d f o r e a c h 

c h a n n e l by m e a s u r i n g changes o f t h e o u t p u t v o l t a g e o f t h e f l u x 

a m p l i f i e r . F o r Mode 1 o p e r a t i o n , t h e f l u x a m p l i f i e r o u t p u t i s 
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" R e s e t F l u x " and i s s c a l e d so t h a t Np on t h e r e a d o u t i n s t r u -

m e n t s i s e q u i v a l e n t t o 100 MW o f p o w e r . The r a t e - o f - c h a n g e 

s i g n a l s e n t e r t h e r e s p e c t i v e r a t e t r i p c o m p a r a t o r e l e m e n t s 

w h i c h i n d i v i d u a l l y r e q u e s t s c r a m when t h e power r a t e - o f -

i n c r e a s e r e a c h e s 20 MW p e r s e c o n d . 

H i g h i n l e t t e m p e r a t u r e 

H i g h c o r e i n l e t t e m p e r a t u r e i s p r o b a b l y e v i d e n c e o f p r i -

m a r y h e a t e x c h a n g e r o r s e c o n d a r y c o o l i n g s y s t e m d i f f i c u l t i e s . 

I t may be a s e c o n d a r y and somewhat d e l a y e d i n d i c a t i o n o f e x c e s s 

c o r e p o w e r o r r e d u c e d f l o w o f p r i m a r y c o o l a n t . E l e c t r i c a l 

r e s i s t a n c e e l e m e n t s , one e a c h i n p r o c e s s i n s t r u m e n t s y s t e m s 

1 0 0 - 1 , - 2 , and - 3 , m e a s u r e t h e c o r e i n l e t c o o l a n t t e m p e r a t u r e 

f o r s a f e t y c h a n n e l s 1 , 2 , and 3 , r e s p e c t i v e l y . The t e m p e r a t u r e 

i n f o r m a t i o n , w h i c h i s u t i l i z e d a l s o i n d e v e l o p i n g t h e s a f e t y 

s y s t e m h e a t power s i g n a l s , i s e n t e r e d d i r e c t l y i n t h e i n l e t 

t e m p e r a t u r e t r i p c o m p a r a t o r . The r e f e r e n c e s i g n a l s r e m a i n 

c o n s t a n t i n t h e c o m p a r a t o r s f o r a l l t h r e e o p e r a t i n g modes , 

r e s u l t i n g i n s c r a m r e q u e s t s when t h e i n l e t t e m p e r a t u r e r e a c h e s 

5 4 . 4 ° C ( 1 3 0 ° F ) . 

L o w - l o w f l o w 

On l o o s o f t h e m a i n ac power s u p p l y , t h e p r i m a r y c o o l a n t 

pumps c o n t i n u e t o be d r i v e n by dc "pony" m o t o r s , a t r e d u c e d 

s p e e d . T h e r e s u l t i n g f l o w i s a b o u t 15% o f t h e n o r m a l a m o u n t , 

and t h e c o r e power l i m i t imposed by t h e s e r v o and c o n t r o l 

s y s t e m s i n Mode 1 o p e r a t i o n i s r e d u c e d i n t h e same p r o p o r t i o n . 

L o s s o f b a t t e r y e n e r g y o r f a i l u r e s o f pony m o t o r s c a n 

c a u s e t h e f l o w t o d e c r e a s e f u r t h e r . B e l o w a b o u t 10% f l o w , t h e 

p r o c e s s i n s t r u m e n t a t i o n i s no l o n g e r s u f f i c i e n t l y a c c u r a t e t o 
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a s s u r e r e g u l a t i o n o f t h e r e a c t o r t o t a l p o w e r , i n c l u d i n g a f t e r -

h e a t , w i t h i n t h e h e a t r e m o v a l c a p a b i l i t y o f t h e c o o l a n t s y s t e m . 

A c c o r d i n g l y , t h e r e a c t o r i s scrammed when t h e c o o l a n t f l o w 

d e c r e a s e s t o 10%, w h i c h i s b e t w e e n t h e p u m p i n g r a t e s w i t h one 

and two pony m o t o r s o p e r a t i n g . The same l o w - l o w - f l o w s c r a m i s 

e f f e c t e d i n Mode 2 o p e r a t i o n , a l t h o u g h t h e r e a c t o r power l i m i t 

i s t h e n w e l l w i t h i n c o o l i n g c a p a b i l i t y a t t h e f l o w t r i p p o i n t . 

T h e s c r a m i s d i s a b l e d f o r Mode 3 o p e r a t i o n , s i n c e no f l o w i s 

r e q u i r e d . T h e l o w - r a n g e d i f f e r e n t i a l p r e s s u r e c e l l s o f p r o c e s s 

s y s t e m s 1 0 0 - 1 , - 2 , and - 3 p r o v i d e t h e f l o w m e a s u r e m e n t s f o r 

t h i s a p p l i c a t i o n . T h e c e l l s a r e s i m i l a r t o t h e h i g h r a n g e 

u n i t s t h a t s e r v e t h e h e a t power and f l u x l e v e l s a f e t y i n s t a l l a -

t i o n s , a n d s h a r e t h e same t a p s a c r o s s t h e common V e n t u r i f l o w 

e l e m e n t N o . 1 0 0 . T h e f l o w s i g n a l s e n t e r t h e t r i p c o m p a r a t o r s 

d i r e c t l y i n Modes 1 and 2 o p e r a t i o n , b u t a r e b l o c k e d i n Mode 3 . 

F i x e d r e f e r e n c e s i g n a l s a r e s u p p l i e d t o t h e c o m p a r a t o r s , c a l i -

b r a t e d t o e f f e c t s c r a m r e q u e s t s when t h e c o o l a n t f l o w i s a b o u t 

6 , 4 3 5 1 / m ( 1 , 7 0 0 g p m ) . 

6 . P r i m a r y c o o l a n t l o o p l o w p r e s s u r e 

T h e p r i m a r y c o o l a n t s y s t e m p r e s s u r i z a t i o n pumps a r e 

i n t e n d e d t o m a i n t a i n t h e l o o p p r e s s u r e a t 5 . 2 MPa ( 7 5 0 p s i g ) 

i n Mode 1 o p e r a t i o n , s u b s t a n t i a l l y a b o v e t h e 2 . 0 7 - M P a ( 3 0 0 - p s i ) 

l e v e l a t w h i c h b o i l i n g m i g h t b e g i n i n t h e c o r e a t f u l l p o w e r . 

D i r e c t a c t i n g p r e s s u r e s w i t c h e s o f p r o c e s s sy tems 1 2 8 - A , - B , 

a n d - C s i g n a l t h e t i r p c o m p a r a t o r s i n s a f e t y c h a n n e l s 1 , 2 , 

and 3 , r e s p e c t i v e l y , t o r e q u e s t s c r a m w h e n t h e l o o p p r e s s u r e 
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d e c r e a s e s b e l o w 4 . 1 3 MPa ( 6 0 0 p s i g ) . T h e s w i t c h s i g n a l s a r e 

"b locked i n Mode 2 and 3 o p e r a t i o n , w h e r e p r e s s u r i z a t i o n i s n o t 

r e q u i r e d . 

7 . C o n t a m i n a t i o n f r o m f a u l t y f u e l e l e m e n t 

H o t s p o t s o r m a t e r i a l d e f e c t s may c a u s e l o c a l f a i l u r e s o f 

t h e f u e l c l a d d i n g , w i t h c o n s e q u e n t c o n t a m i n a t i o n o f t h e p r i m a r y 

c o o l a n t l o o p . P r o m p t d e t e c t i o n o f such f a i l u r e s , f o l l o w e d by 

s h u t d o w n o f t h e r e a c t o r , w i l l b o t h m i n i m i z e t h e r e l e a s e o f 

r a d i o a c t i v e m a t e r i a l f r o m t h e i n i t i a l s m a l l r u p t u r e s and p r e -

v e n t m i n o r f a i l u r e s f r o m b e c o m i n g m a j o r o n e s . E a c h o f t h e 

s a f e t y c h a n n e l s m o n i t o r s f o r t h e r i s e o f gamma r a d i a t i o n i n t h e 

p i p e t u n n e l w h i c h w o u l d i n d i c a t e a f i s s i o n p r o d u c t r e l e a s e . 

T h i s i s done b y means o f R e u t e r - S t o k e s i o n i z a t i o n c h a m b e r s , 

l o c a t e d a d j a c e n t t o t h e c o o l a n t m a i n o u t l e t l i n e f r o m t h e c o r e . 

T h e power s u p p l i e s f o r t h e c h a m b e r s and t h e chamber s i g n a l 

a m p l i f i e r s a r e e s s e n t i a l l y t h e same as f o r t h e s e r v o and s a f e t y 

s y s t e m s n e u t r o n f l u x m e a s u r e m e n t s ; h o w e v e r , t h e r e a r e no 

c o r r e c t i o n s a p p l i e d a u t o m a t i c a l l y t o t h e r a d i a t i o n s i g n a l s . 

T h e a m p l i f i e d r a d i a t i o n s i g n a l s p r o c e e d d i r e c t l y t o t h e t r i p 

c o m p a r a t o r e l e m e n t s , w h e r e t h e y a r e compared w i t h r e f e r e n c e 

s i g n a l s . S c r a m r e q u e s t s o b t a i n when t h e r a d i a t i o n r e a c h e s 

a p p r o x i m a t e l y 120% o f t h e s t e a d y - s t a t e b a c k g r o u n d l e v e l p r o -

d u c e d m a i n l y b y N1 -^ d e c a y . 

T e s t a r r a n g e m e n t s . S p e c i a l i n s t a l l a t i o n s f a c i l i t a t e v i r t u a l l y com-

p l e t e f u n c t i o n a l t e s t s o f t h e s a f e t y s y s t e m , b o t h b e f o r e and d u r i n g 

r e a c t o r o p e r a t i o n . M o s t o f t h e t e s t s c o n s i s t o f p e r t u r b i n g t h e q u a n t i t y 
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m e a s u r e d by one s e n s o r o f one s a f e t y c h a n n e l , a n d o b s e r v i n g t h e a p p e a r -

a n c e o f t h e a p p r o p r i a t e s c r a m r e q u e s t and o t h e r r e s p o n s e s . The p e r t u r -

b a t i o n s a r e a p p a r e n t o n l y t o t h e s e n s o r b e i n g t e s t e d , and i n no way 

a f f e c t t h e r e a c t o r o p e r a t i o n . T e s t s o f t h e n e u t r o n f l u x m e a s u r e m e n t 

s y s t e m s i n v o l v e e i t h e r c h a n g i n g t h e e f f e c t i v e a r e a o f t h e i o n i z a t i o n 

chambers o r a r t i f i c i a l l y s u p p l e m e n t i n g t h e s i g n a l s f r o m t h e c h a m b e r s , t o 

s i m u l a t e f l u x p e r t u r b a t i o n s . C o m b i n a t i o n s o f t h e v a r i o u s t e s t s a r e 

r e q u i r e d t o e v a l u a t e f u l l y t h e p e r f o r m a n c e of e a c h s a f e t y c h a n n e l w i t h 

r e g a r d t o chose s c r a m c r i t e r i a i n v o l v i n g more t h a n one m e a s u r e m e n t . 

The i n d i v i d u a l c h a n n e l s c r a m r e q u e s t s a r e e a c h i n d i c a t e d b y : ( 1 ) 

l o s s o f o u t p u t c u r r e n t o f f o u r magnet a m p l i f i e r s , ( 2 ) a n n u n c i a t i o n o f 

s o u r c e o f t r i p a c t i o n , ( 3 ) t r i p c o m p a r a t o r p i l o t l i g h t s , and ( 4 ) one o f 

t h r e e " c e n t r a l p l a t e i n h i b i t " l amps on c o n s o l e b e i n g e x t i n g u i s h e d , s i g -

n i f y i n g t h a t t h e a f f e c t e d c h a n n e l r e q u e s t s i n h i b i t o f N o . 5 c y l i n d e r 

w i t h d r a w a l . T h e l a t t e r i s a s a f e t y a c t i o n , and c a n be c o n f i r m e d by 

means o f t h e t h r e e c o n s o l e i n d i c a t o r s o f s h i m d r i v e m o t o r c u r r e n t . 

T h u s , when one s a f e t y c h a n n e l r e q u e s t s s c r a m , a l l c u r r e n t t o a c t u a t e t h e 

m o t o r i n t h e w i t h d r a w d i r e c t i o n w i l l be i n d i c a t e d on o n l y one o f t h e 

t h r e e a m m e t e r s . 

E a c h o f t h e t e s t s i s i n i t i a t e d f r o m a s e p a r a t e p u s h b u t t o n on t h e c o n -

s o l e , t h e s e l e c t i o n o f w h i c h d e t e r m i n e s t h e t y p e o f t e s t and t h e c h a n n e l 

t o be t e s t e d . T h e p u s h b u t t o n s a r e f u r t h e r c l a s s i f i e d a c c o r d i n g t o r e a c -

t o r o p e r a t i n g mode, t h e r e b y l i m i t i n g t h e a p p l i c a t i o n o f e a c h t e s t t o t h e 

a p p r o p r i a t e modes a n d , i n t h e c a s e o f t h e n e u t r o n f l u x s y s t e m s t e s t s , 

s e l e c t i n g t h e p r o p e r m a g n i t u d e o f s i m u l a t i o n s i g n a l s . D e t a i l s o f t h e 

i n d i v i d u a l t e s t s a r e p r e s e n t e d b e l o w : 
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1 . Chamber add 

T h e i o n i z a t i o n chambers t h a t m e a s u r e n e u t r o n f l u x f o r t h e 

s a f e t y c h a n n e l s a r e e a c h h o u s e d w i t h an " a d d - o n " chamber and a n 

e n t i r e l y i n d e p e n d e n t chamber t h a t d r i v e s a s e r v o c h a n n e l . Tbe 

"add—on" c h a m b e r s e a c h u s e t h e same h i g h - v o l t a g e power s u p p l i e s 

a s t h e i r a s s o c i a t e d ma in s a f e t y c h a m b e r s , b u t t h e i r o u t p u t s a r e 

n o r m a l l y b l o c k e d . D e p r e s s i n g a n y o f t h e t h r e e c o n s o l e " C h a m b e r -

Add" p u s h b u t t o n s f o r a p a r t i c u l a r c h a n n e l c o n n e c t s t h e o u t p u t 

o f t h e " a d d - o n " chamber i n p a r a l l e l w i t h t h e o u t p u t o f t h e m a i n 

c h a m b e r , e f f e c t i v e l y a d d i n g t h e chamber o u t p u t s . The c o r r e c t 

r e s p o n s e o f t h e a f f e c t e d s a f e t y c h a n n e l i s e q u i v a l e n t t o t h a t 

r e s u l t i n g f r o m a sudden i n c r e a s e i n r e a c t o r power o f 40%, and 

w i l l d e p e n d on c o n t r o l s y s t e m s t a t u s ( i . e . , Modes 1 , 2 , 3 , and 

s t a r t / r u n ) , r e a c t o r power l e v e l and p r i m a r y c o o l i n g s y s t e m 

s t a t u s . T h e p o s s i b l e p r i m a r y r e s p o n s e s i n c l u d e s c r a m r e q u e s t 

f o r ( 1 ) n e u t r o n f l u x ( i . e . , " F l u x / F l o w R a t i o " ) e x c e s s i v e , and 

( 2 ) p o w e r r a t e o f i n c r e a s e e x c e s s i v e . R e v e r s e r e q u e s t a n n u n c i -

a t i o n may a p p e a r as 1 . 1 Np o r 1 . 1 N ^ , w i t h o r w i t h o u t t h e s c r a m 

r e q u e s t . A d d i t i o n a l r e s p o n s e s a r e i n c r e a s e d l e v e l s d i s p l a y e d 

o n t h e r e s e t f l u x and f l u x / f l o w r e a d o u t s and f o r Mode 1 , a c t u a -

t i o n o f t h e f l u x r e s e t s y s t e m i n t h e d i r e c t i o n t o make t h e f l u x 

r e a d i n g s a g r e e w i t h t h e h e a t p o w e r . 

2 . C u r r e n t ramp 

C i r c u i t r y i s p r o v i d e d w h e r e b y a ramp s i g n a l may be a d d e d 

t o t h e chamber s i g n a l s i n e a c h c h a n n e l , s i m u l a t i n g f o r e a c h 

o p e r a t i n g mode a c o r e power r a t e o f i n c r e a s e o f a b o u t 5% o f 

NF p e r s e c o n d . T h e ramps a r e i n i t i a t e d by t h e " C u r r e n t - R a m p " 
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p u s h b u t t o n s on t h e c o n s o l e . As w i t h t h e a b o v e d e s c r i b e d 

" C h a m b e r - A d d , " t h e r e s p o n s e o f s a f e t y c h a n n e l t e s t e d w i l l 

d e p e n d upon t h e s t a t u s o f t h e r e a c t o r c o n t r o l s y s t e m . 

H o w e v e r , t h i s t e s t does n o t r e q u i r e t h e r e a c t o r t o be o p e r a t i n g 

a t a s i g n i f i c a n t power l e v e l , and i s , t h e r e f o r e , u s e f u l as a 

p r e s t a r t c h e c k . T h e c u r r e n t ramp t e s t w i l l n o t a c t u a t e r a t e 

s c r a m , s i n c e t h e ramp i n c r e a s e r a t e s a r e l e s s t h a n t h e r e q u i r e d 

20% o f Np p e r s e c o n d . O t h e r r e s p o n s e s a r e as d e s c r i b e d above 

f o r "Chamber A d d . " 

3 . R a t e t e s t 

S i m i l a r t o " C u r r e n t R a m p , " d e s c r i b e d a b o v e , b u t p r o v i d e s 

ramps t o s i m u l a t e a c o r e power i n c r e a s e r a t e o f 25% o f Np p e r 

s e c o n d , f o r e a c h mode. A l l s a f e t y c h a n n e l r e s p o n s e s a r e t h e 

same as d e s c r i b e d a b o v e f o r "Chamber A d d , " i n c l u d i n g r a t e s c r a m 

i n d i c a t i o n . T h e c o n s o l e p u s h b u t t o n s a r e d e s i g n a t e d " R a t e T e s t . " 

4 . T e m p e r a t u r e measurement s y s t e m s t e s t s 

On command f r o m p u s h b u t t o n s on t h e c o n s o l e , a s m a l l f l o w 

o f h o t w a t e r i s i n j e c t e d i n t o t h e p r i m a r y c o o l a n t s y s t e m on any 

s e l e c t e d t e m p e r a t u r e s e n s o r o f t h e s a f e t y s y s t e m . The p u s h -

b u t t o n s d e s i g n a t e d " I n l e t T e m p e r a t u r e " (Modes 1 a n d 2 o n l y ) 

c o n t r o l i n j e c t i o n a t t h e i n l e t t e m p e r a t u r e s e n s o r s , f o r w h i c h 

t h e p r i m a r y t e s t r e s p o n s e i s i n l e t t e m p e r a t u r e s c r a m r e q u e s t i n 

t h e a f f e c t e d c h a n n e l . T h e s c r a m r e q u e s t s h o u l d d e v e l o p r e g a r d -

l e s s of r e a c t o r o r c o o l a n t s y s t e m o p e r a t i n g s t a t u s , i f s u f f i -

c i e n t i n j e c t i o n w a t e r p r e s s u r e i s a v a i l a b l e . O t h e r s i g n i f i c a n t 

r e s p o n s e s o f t h e a f f e c t e d c h a n n e l i n c l u d e ( 1 ) r e d u c t i o n i n 
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r e a d o u t i n d i c a t i o n s o f h e a t p o w e r , ( 2 ) i n c r e a s e i n i n d i c a t e d 

i n l e t t e m p e r a t u r e , a n d ( 3 ) a c t u a t i o n o f t h e s a f e t y f l u x r e s e t 

m e c h a n i s m t o r e d u c e t h e r e s e t f l u x s i g n a l , p r o v i d e d t h e r e a c t o r 

i s o p e r a t i n g i n Mode 1 and power i s a b o v e t h e minimum s e n s i b l e 

h e a t power m e a s u r e m e n t l e v e l . I n j e c t i o n a t t h e o u t l e t t e m -

p e r a t u r e s e n s o r s i s c o n t r o l l e d by t h e " H e a t - P o w e r " p u s h b u t t o n s , 

f o r Modes 1 and 2 o n l y . T h e p r i m a r y h e a t power s c r a m r e q u e s t 

r e s p o n s e i n t h i s c a s e d e p e n d s on t h e r e a c t o r o p e r a t i n g mode and 

t h e p r e s s u r e and f l o w o f p r i m a r y c o o l a n t . I n Mode 1 , s c r a m 

r e q u e s t s h o u l d o b t a i n when t h e s i m u l a t e d c o r e h e a t power 

e x c e e d s 1 . 2 Np , o r 120 MW. H o w e v e r , t h e f i x e d t e m p e r a t u r e o f 

t h e w a t e r i n j e c t e d a t t h e c o r e o u t l e t may n o t be s u f f i c i e n t l y 

h i g h e r t h a n t h e c o r e i n l e t t e m p e r a t u r e t o s i m u l a t e 120 MW when 

t h e f l o w o f c o o l a n t w a t e r i s r e d u c e d ( i . e . , h e a t power i s p r o -

p o r t i o n a l t o f l o w t i m e s t e m p e r a t u r e d i f f e r e n t i a l ) . I n Mode 2 , 

t h e h e a t power t r i p l e v e l i s 12 MW, w h i c h i s f a r a b o v e t h e 

e s t a b l i s h e d power l i m i t and n e u t r o n f l u x t r i p l e v e l . S i n c e t h e 

t e m p e r a t u r e o f t h e i n j e c t e d w a t e r was d e t e r m i n e d on t h e b a s i s 

o f s i m u l a t i n g 120 MW, i t s h o u l d be h i g h enough t o e n s u r e t h e 

s c r a m r e q u e s t r e s p o n s e i n Mode 2 ( a s s u m i n g s u f f i c i e n t i n j e c t i o n 

p r e s s u r e ) e v e n w i t h c o o l a n t f l o w r e d u c e d t o t h e pony m o t o r 

l e v e l . A d d i t i o n a l r e s p o n s e s o f t h e a f f e c t e d c h a n n e l i n c l u d e 

i n c r e a s e o f i n d i c a t e d h e a t power a n d , i n Mode 1 a n d a t power 

l e v e l s a b o v i t h e minimum l e v e l f o r s e n s i b l e h e a t power m e a s u r e -

m e n t , a c t u a t i o n o f t h e s a f e t y f l u x r e s e t m e c h a n i s m t o i n c r e a s e 

t h e r e s e t f l u x s i g n a l . 
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F l o w m e a s u r e m e n t s y s t e m s t e s t s 

E a c h o f t h e c o n s o l e p u s h b u t t o n s m a r k e d "Low-Low F l o w " 

(Modes 1 and 2 o n l y ) c a u s e s a b y p a s s v a l v e t o o p e n and r e l i e v e 

t h e f l o w - i n d u c e d d i f f e r e n t i a l p r e s s u r e a c r o s s t h e l o w r a n g e 

f l o w s e n s o r o f t h e i n d i c a t e d s a f e t y c h a n n e l . T h i s t e s t s i m u l a -

t e s a d r a s t i c r e d u c t i o n i n f l o w , r e s u l t i n g i n a s c r a m r e q u e s t 

b y t h e l o w - l o w f l o w t r i p c o m p a r a t o r . 

P r e s s u r e s w i t c h t e s t 

T h e p r e s s u r e s w i t c h e s t h a t s i g n a l l o s s o f p r i m a r y c o o l a n t 

p r e s s u r i z a t i o n f o r e a c h s a f e t y c h a n n e l a r e a e a c h c o n n e c t e d v i a 

s m a l l d i a m e t e r t u b i n g t o a n i n d i v i d u a l t a p i n t h e r e a c t o r 

o u t l e t l i n e . T h e r e i s n o r m a l l y no f l o w i n t h e c o n n e c t i n g t u b e , 

a n d t h e e n t i r e l o o p p r e s s u r e i s t r a n s m i t t e d d i r e c t l y t o t h e 

s w i t c h p r e s s a u r e e l e m e n t , A K«afc v a l v e i n e a c h o f t h e i n s t r u -

ment l i n e s opens on command frosa a c o n s o l e p u s h b u t t o n d e s i g n a t e d 

" P r e s s u r e " (Mode 1 o n l y ) , t h e r e b y a l l o w i n g t h a t i n s t r u m e n t l i n e 

t o d i s c h a r g e t o t h e ILW s y s t e m . The c o n s e q u e n t t h r o t t l i n g i n 

t h e l i n e reduce"? t h e p r e s s u r e , a t t h e s w i t c h e l e m e n t t o a b o u t 

2 . 0 7 MPa ( 3 0 0 p s i ) w e l l b e l o w t h e t r i p p o i n t . T h e o n l y s a f e t y 

c h a n n e l r e s p o n s e o b s e r v e d i n t h i s t e s t I s s c r a m r e q u e s t by t h e 

l o w p r e s s u r e t r i p c o m p a r a t o r . 

R a d i a t i o n m e a s u r e m e n t s y s t e m s t e s t 

T h e i o n i z a t i o n chambers t h a t d e t e c t r a d i a t i o n f r o m f a i l e d 

f u e l e l e m e n t s a r e e a c h s h i e l d e d f r o m t h e c o r e o u t l e t p i p e by a 

t h i c k n e s s o f 1 / 2 - i n . o f l e a d . T h i s r e d u c e s t h e n o r m a l b a c k -

g r o u n d gamma by a f a c t o r o f 35%. T h e c o n s o l e p u s h b u t t o n s 

d e s i g n a t e d " F a i l e d F u e l E l e m e n t D e t e c t o r " (Modes 1 a n d 2 o n l y ) 
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e a c h i n i t i a t e w i t h d r a w a l o f t h e chamber s h i e l d f r o m i r f r o n t oi 

t h e chamber f o r t h e s e l e c t e d s a f e t y c h a n n e l . A l i m i t s w i t c h 

t e r m i n a t e s e a c h w i t h d r a w a l a t t h e i n t e n d e d " t e s t " p o s i t i o n and 

e n e r g i z e s an "FFED t e s t " l a m p . R e l e a s e o f a p u s h b u t t o n a t any 

t i m e d u r i n g w i t h d r a w a l o r a f t e r t h e s h i e l d i s i n t h e " T e s t " 

p o s i t i o n c a u s e s t h e a c t u a t i o n t o r e v e r s e and r e s t o r e t h e s h i e l d 

t o t h e " O p e r a t i n g " p o s i t i o n ; when t h e s h i e l d i s r e p l a c e d , 

a n o t h e r l i m i t s w i t c h t e r m i n a t e s t h e t r a v e l and e n e r g i z e s and 

"FFED O p e r a t e " lamp on t h e c o n s o l e . T h e o b s e r v a b l e r e s p o n s e s 

a r e a n i n c r e a s e o f f l u x a m p l i f i e r o u t p u t , as i n d i c a t e d on t h e 

p a n e l m e t e r , and a s c r a m r e q u e s t by t h e a f f e c t e d f a i l e d f u e l 

e l e m e n t d e t e c t o r t r i p c o m p a r a t o r . 

8 . F l u x / f l o w r a t i o t e s t 

T h i s t e s t , p r o v i d e d i n Mode 1 o n l y , r e d u c e s t h e p r e s s u r e 

a t t h e m a i n f l o w dp c e l l and p r o d u c e s a c h a n n e l s c r a m r e q u e s t 

o n t h e f l u x / f l o w t r i p e l e m e n t . C h a n n e l r e p s o n s e s i n c l u d e 

i m m e d i a t e d e c r e a s e s i n h e a t power and f l o w i n d i c a t i o n s and a n 

i n c r e a s e i n f l u x / f l o w i n d i c a t i o n and s u b s e q u e n t s c r a m r e q u e s t . 

T h e 1 . 1 f l u x / f l o w e l e m e n t , w h i c h g i v e s a n a i r m o t o r i n s e r t 

r e q u e s t , i s a l s o t r i p p e d . 

S h i m - s a f e t y p l a t e d r o p and t i m e - o f - f l i g h t t e s t s a r e f a c i l i t a t e d by 

u s e o f t h e H F I R o n - l i n e c o m p u t e r , e l e c t r o n i c d i g i t a l t i m e r s , and r e s p o n s e 

s w i t c h e s . N o r m a l l y t h e t i m e m e a s u r e m e n t s a r e made by t h e c o m p u t e r w i t h 

t h e d i g i t a l t i m e r s r e s e r v e d f o r b a c k - u p u s e . On command, t h e s y s t e m 

i n i t i a l l y p r o v i d e s t h e "OR" g a t e o f e a c h s e l e c t e d s a f e t y c h a n n e l w i t h a 

" s t a r t " s i g n a l t h a t i s e q u i v a l e n t t o a s c r a m r e q u e s t f r o m a t r i p c o m p a r a -

t o r ; a s i m u l t a n e o u s s i g n a l s t a r t s t h e t i m i n g p r o c e s s by t h e c o m p u t e r ( o r 
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t h e d i g i t a l t i m e r s I f t h e y h a v e b e e n s e l e c t e d ) . I f two o r t h r e e c h a n -

n e l s a r e s e l e c t e d , t h e magnet o f e a c h o f t h e f o u r s h i m - s a f e t y p l a t e s 

s h o u l d r e l e a s e p r o m p t l y a f t e r t h e s t a r t s i g n a l , i n t h e same manner as 

f o r a s c r a m . A l i m i t s w i t c h on e a c h p l a t e d r i v e i s a c t u a t e d by m o t i o n 

o f t h e push r o d t h a t c o n n e c t s t h e m a g n e t a r m a t u r e t o t h e b a l l - l a t c h 

r e l e a s e d e v i c e ; t h i s s w i t c h o p e r a t i o n r e p r e s e n t s " P u s h Rod R e s p o n s e . " 

As e a c h p l a t e s e p a r a t e s f r o m i t s d r i v e , a s e c o n d s w i t c h , e q u i v a l e n t t o 

t h e c o n t r o l s y s t e m " C l u t c h " s w i t c h , i s a c t u a t e d t o p r o v i d e " P l a t e 

D e c l u t c h e d R e s p o n s e . " A r r i v a l o f t h e p l a t e a t i t s s e a t a c t u a t e s t h e 

s e a t s w i t c h , w h i c h r e p r e s e n t s " P l a t e S e a t e d R e s p o n s e . " The c o m p u t e r has 

t h e c a p a b i l i t y o f m o n i t o r i n g a l l t h r e e p a r a m e t e r s o f a l l f o u r p l a t e s 

s i m u l t a n e o u s l y . H o w e v e r , o n l y f o u r d i g i t a l t i m e r s a r e p r o v i d e d , one f o r 

e a c h p l a t e . A m a n u a l s e l e c t o r s w i t c h d e t e r m i n e s w h i c h p a r a m e t e r i s t o 

be m o n i t o r e d . The d i g i t a l t i m e r s t h e n a r e s t o p p e d by t h e s e l e c t e d 

" R e s p o n s e " l i m i t s w i t c h e s . T y p e - o u t o f m e a s u r e d t i m e s by t h e c o m p u t e r 

i s p r o v i d e d i n t h e m a i n c o n t r o l room. A l l o t h e r c o n t r o l s and d i g i t a l 

t i m e r s a r e i n t h e a u x i l i a r y c o n t r o l room. 

S y s t e m r e a d o u t s and c o n t r o l s . T h e r e a d o u t s and c o n t r o l s t h a t a r e a 

p a r t o f , o r a f f e c t t h e o p e r a t i o n o f , t h e s a f e t y s y s t e m a r e s u m m a r i z e d i n 

T a b l e 3 . 4 . E a c h i s i n t e n d e d t o s e r v e i n one o r more o f t h e f o l l o w i n g 

w a y s : ( 1 ) e s t a b l i s h c r i t e r i a f o r I n i t i a t i n g s a f e t y and c o n t r o l a c t i o n s ; 

( 2 ) m o n i t o r r e a c t o r or c o o l i n g s y s t e m p e r f o r m a n c e ; ( 3 ) c o n t r o l s l o w 

s c r a m ; ( 4 ) m o n i t o r s a f e t y s y s t e m and i d e n t i f y r e s p o n s e s ; ( 5 ) r e s e t 

l a t c h - o u t e l e m e n t s ; ( 6 ) f a c i l i t a t e t e s t s ; and ( 7 ) c a l i b r a t e s y s t e m e l e -

m e n t s . Many of t h e a p p l i c a t i o n s a r e r e f e r r e d t o i n t h e p r e c e d i n g 

d e s c r i p t i o n s o f t h e s a f e t y s y s t e m f u n c t i o n s . 
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3 . 3 . P r o c e s s I n s t r u m e n t a t i o n 

3 . 3 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 1 - E - •2117 E l e m e n t a r y C o n t r o l D i a g r a m , P r o c e s s W a t e r E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2118 E l e m e n t a r y C o n t r o l D i a g r a m , P r o c e s s W a t e r E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2119 E l e m e n t a r y C o n t r o l D i a g r a m , P r o c e s s W a t e r E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2120 E l e m e n t a r y C o n t r o l D i a g r a m , P r o c e s s W a t e r E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2125 E l e m e n t a r y C o n t r o l D i a g r a m , P r o c e s s W a t e r E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2128 E l e m e n t a r y C o n t r o l D i a g r a m , M i s c e l l a n e o u s E q u i p m e n t 

1 5 4 6 - 0 1 - E - •2129 E l e m e n t a r y C o n t r o l D i a g r a m , A n n u n c i a t o r s IE t h r u 4E 

1 5 4 6 - 0 1 - E - •2192 S c h e m a t i c B l o c k D i a g r a m , H e a t P o w e r C a l c u l a t o r s and 

1 5 4 6 - 0 1 - 1 - 4 0 0 1 

1 5 4 6 - 0 1 - 1 - 4 0 0 2 

1 5 4 6 - 0 1 - 1 - 4 0 0 3 

1 5 4 6 - 0 1 - 1 - 4 0 0 4 

1 5 4 6 - 0 1 - 1 - 4 0 0 5 

1 5 4 6 - 0 1 - 1 - 4 0 0 6 

1 5 4 6 - 0 1 - 1 - 4 0 0 7 

1 5 4 6 - 0 5 - U - 7 1 4 6 

D - 4 9 1 3 7 

R C 1 1 - 8 - 2 

R C 1 1 - 1 0 - 9 

M i s c e l l a n e o u s I n s t r u m e n t a t i o n 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , R e a c t o r P r i m a r y 
C o o l a n t Loop 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , R e a c t o r P r i m a r y 
C o o l a n t S y s t e m ( H e a t Power S y s t e m s ) 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , R e a c t o r P r i m a r y 

C o o l a n t C l e a n u p S y s t e m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , P o o l C o o l a n t S y s t e m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , P o o l C o o l a n t C l e a n u p 
S y s t e m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , S e c o n d a r y C o o l i n g 
S y s t e m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , S e c o n d a r y C o o l i n g 
S y s t e m , Tower a n d P l a n t D e m i n e r a l i z e r S y s t e m 

F l o w D i a g r a m , Compressed A i r 

H o t W a t e r I n j e c t i o n S y s t e m F l o w D i a g r a m 

I n s t r u m e n t A i r , One L i n e D i a g r a m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m , SBHE, OHOG, and CH0G 
S y s t e m s 
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Q - 2 3 5 0 - 1 L i q u i d W a s t e M o n i t o r i n g — B l o c k D i a g r a m 

Q - 2 3 5 1 - 1 Gaseous W a s t e M o n i t o r i n g — I n s t r u m e n t P l a n , S t a c k 
A r e a 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

62 

67 

Open a n d C l o s e d H o t O f f - G a s S y s t e m s 

S p e c i a l B u i l d i n g H o t E x h a u s t S y s t e m and E x h a u s t 

S t a c k B r e e c h i n g 

R e a c t o r P r i m a r y C o o l a n t F l o w E l e m e n t A s s e m b l y 

I n s t r u m e n t a t i o n and A u x i l i a r y E q u i p m e n t 

P r o c e s s S y s t e m I n s t r u m e n t s 

87 

112 

115 

3 . 3 . 2 I n t r o d u c t i o n 

E x t e n s i v e i n s t r u m e n t a t i o n h a s been p r o v i d e d t o c o n t r o l and m o n i t o r 

t h e p r o c e s s s y s t e m s upon w h i c h t h e r e a c t o r d e p e n d s . T h e s e s y s t e m s 

i n c l u d e t h e c o o l a n t l o o p s , o f f - g a s h a n d l i n g and v e n t i l a t i o n , l i q u i d 

w a s t e d i s p o s a l f a c i l i t i e s , a n d s u b s i d i a r y s y s t e m s . 

Many o f t h e i n s t r u m e n t a p p l i c a t i o n s a r e m e n t i o n e d o r d e s c r i b e d 

b r i e f l y i n o t h e r s e c t i o n s o f t h i s o p e r a t i n g m a n u a l , w h e r e n e c e s s a r y t o 

e x p l a i n t h e f u n c t i o n o f a n a s s o c i a t e d p r o c e s s s y s t e m o r t h e r e a c t o r 

c o n t r o l and s a f e t y s y s t e m . T h i s s e c t i o n s u m m a r i z e s t h e i n s t r u m e n t a t i o n 

a n d p r o v i d e s w h a t e v e r a d d i t i o n a l i n f o r m a t i o n i s n e c e s s a r y t o i m p a r t a 

b a s i c u n d e r s t a n d i n g o f t h e c o n t r o l a c t i o n s , a l a r m s , and r e a d o u t s d e r i v e d 

f r o m t h e p r o c e s s i n s t r u m e n t a t i o n . The i n f o r m a t i o n i s p r e s e n t e d by 

i n s t r u m e n t f u n c t i o n a l g r o u p i n g s , w h i c h a r e c l a s s i f i e d a c c o r d i n g t o 

r e l a t e d m a i n and s u b s i d i a r y p r o c e s s s y s t e m s . 

E x c e p t f o r s p e c i a l - p u r p o s e r a d i a t i o n m o n i t o r i n g i n s t a l l a t i o n s , 

e s s e n t i a l l y a l l o f t h e p r o c e s s i n s t r u m e n t a t i o n i s o f c o n v e n t i o n a l t y p e s . 

T h e s i m p l e s t i n s t r u m e n t a t i o n i n c l u d e s t h e f a m i l i a r d i r e c t - r e a d i n g 
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p r e s s u r e , f l o w , l e v e l , p o s i t i o n , a n d t e m p e r a t u r e i n d i c a t o r s , and c o r r e -

s p o n d i n g d e v i c e s t h a t d i r e c t l y a c t u a t e s w i t c h e s . T h e s w i t c h e s , many o f 

w h i c h a r e i n t e g r a l w i t h i n d i c a t o r s , p r o d u c e v a r i o u s a l a r m , p i l o t l i g h t , 

c o n t r o l , and s a f e t y a c t i o n s v i a a p p r o p r i a t e c i r c u i t r y . Many r e m o t e t e m -

p e r a t u r e i n d i c a t i o n o r r e c o r d i n g a p p l i c a t i o n s c o n s i s t o n l y o f l o c a l 

t h e r m o c o u p l e s w i t h l e a d s e x t e n d e d t o t h e r e a d o u t i n s t r u m e n t , w h i c h 

u s u a l l y i n c o r p o r a t e s a n u l l - b a l a n c e p o t e n t i o m e t e r d e v i c e . 

W a t e r c o n d u c t i v i t y , p H , a n d c e r t a i n r a d i a t i o n m e a s u r e m e n t s r e q u i r e 

s p e c i a l p i p i n g t o o b t a i n s a m p l e s f r o m d e s i r e d l o c a t i o n s . The m e a s u r e -

m e n t s t h e m s e l v e s a r e c o m p l e x , i n v o l v i n g c a l i b r a t e d power s u p p l i e s and 

e l e c t r o n i c s i g n a l d e t e c t i o n , a m p l i f i c a t i o n , and d i s c r i m i n a t i o n c i r c u i t r y . 

B o t h l o c a l and r e m o t e r e a d o u t a r r a n g e m e n t s may be p r o v i d e d , as w e l l as 

a l a r m o r c o n t r o l r e l a y f u n c t i o n s . 

M o r e c o m p l i c a t e d i n s t r u m e n t s y s t e m s a r e r e q u i r e d t o a c h i e v e ( a ) 

c o n t i n u o u s c o n t r o l o f p r o c e s s v a r i a b l e s , ( b ) r e m o t e c o n t i u o u s s i g n a l 

t r a n s m i s s i o n , ( c ) m u l t i p l e c o n t r o l and r e a d o u t r e s p o n s e s , and ( d ) c o n -

t i n u o u s d e r i v e d s i g n a l s , w h i c h a r e c o m b i n a t i o n s o f p r i m a r y s i g n a l s o r 

a r e f u n c t i o n s o f s i n g l e p r i m a r y s i g n a l s . T h e s e s y s t e m s a r e o f t h e c o n -

v e n t i o n a l fo rms i n w h i c h a l l i n f o r m a t i o n i s c o n v e r t e d t o , and h a n d l e d 

a t , a i r p r e s s u r e s i g n a l s i n t h e 3 - t o 1 5 - p s i g r a n g e o r e l e c t r i c d i r e c t 

c u r r e n t s i g n a l s i n t h e 1 0 - t o 5 0 - m i l l i a m p e r e r a n g e . The w i d e v a r i e t y o f 

s t a n d a r d i z e d e q u i p m e n t a v a i l a b l e f o r such s y s t e m s and t h e i n s e n s i t i v i t y 

o f t h e l a r g e s i g n a l s t o e x t e r n a l d i s t u r b a n c e s a c c o u n t f o r t h e g r e a t 

a d v a n t a g e s o f f l e x i b i l i t y , r e l i a b i l i t y and a c c u r a c y . The s y s t e m s a r e 

c o m p r i s e d o f c o m b i n a t i o n s o f t h e f o l l o w i n g f u n c t i o n a l e l e m e n t s : 

1 . M e a s u r e m e n t 

S e n s o r r e s p o n d s t o t h e m e a s u r e d v a r i a b l e , p r o v i d i n g a 

s i g n a l w h i c h i s t h e n c o n v e r t e d t o t h e s t a n d a r d p n e u m a t i c o r 
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e l e c t r i c f o r m . I n a p n e u m a t i c t e m p e r a t u r e t r a n s m i t t e r , f o r 

e x a m p l e , a b u l b , c a p i l l a r y t u b e , and m e c h a n i c a l l i n k a g e a c t u a t e 

a f l a p p e r v a l v e o v e r a n o z z l e i n t h e a s s o c i a t e d p n e u m a t i c 

s y s t e m ; t h e r e s u l t a n t p n e u m a t i c p r e s s u r e v a r i a t i o n s a r e 

t r a n s m i t t e d t o , a n d u t i l i z e d a t , o t h e r p o i n t s i n t h e s y s t e m . 

T h e e l e c t r i c f o r m o f t e m p e r a t u r e t r a n s m i t t e r d e t e c t s c h a n g e s i n 

r e s i s t a n c e o f i t s s e n s o r ; t h e p r i m a r y s i g n a l m o d u l a t e s a m a g n e t -

i c a m p l i f i e r t o p r o d u c e t h e p r o p o r t i o n a l s t a n d a r d c u r r e n t s i g n a l 

o u t p u t . F l o w s e n s o r s a r e g e n e r a l l y d i f f e r e n t i a l p r e s s u r e c e l l s 

a c r o s s f l o w r e s t r i c t i o n s i n t h e m a i n p i p i n g ; t h e c e l l s p r o d u c e 

m e c h a n i c a l f o r c e o u t p u t s . P r e s s u r e s e n s o r s a r e a l s o c e l l s , and 

p r o d u c e s i m i l a r m e c h a n i c a l o u t p u t s . L e v e l m e a s u r e m e n t i s 

u s u a l l y by d i s p l a c e m e n t , w i t h r e s u l t i n g f l o t a t i o n f o r c e o u t p u t . 

2 . Power s u p p l y and s i g n a l t r a n s m i s s i o n 

a . P n e u m a t i c 

A i r i s d e l i v e r e d by t h e m a i n i n s t r u m e n t a i r s y s t e m t o 

r e g u a l t o r s a t v a r i o u s l o c a t i o n s , e a c h o f w h i c h r e d u c e s 

p r e s s u r e t o 138 k P a ( 2 0 p s i g ) a n d s u p p l i e s a g r o u p o f 

i n s t r u m e n t s . E a c h s i g n a l - t r a n s m i t t i n g e l e m e n t [ e . g . , t h e 

f l a p p e r / n o z z l e a r r a n g e m e n t m e n t i o n e d i n ( 1 ) a b o v e ] c o n t i n -

u o u s l y d r a w s a s m a l l q u a n t i t y o f a i r f r o m a s u p p l y r e g u l a -

t o r , t h r o u g h an o r i f i c e , and b l e e d s i t t o a t m o s p h e r e v i a 

i t s f l a p p e r / n o z z l e v a l v e . The d e g r e e o f n o z z l e c l o s u r e 

d e t e r m i n e s t h e a i r p r e s s u r e t h a t i s b u i l t up b a c k of t h e 

n o z z l e , and t h i s v a r y i n g p r e s s u r e c o n s t i t u t e s t h e i n t e l l i -

g e n c e s i g n a l t h a t i s t r a n s m i t t e d o v e r t h e r e m a i n i n g c l o s e d 

s y s t e m t o one o r more r e c e i v e r s ( u s u a l l y b e l l o w s ) . 
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b . E l e c t r i c 

E a c h e l e c t r i c s i g n a l t r a n s m i s s i o n s y s t e m may be t h o u g h t 

o f as a d i r e c t c u r r e n t l o o p , w i t h a s e r i e s v a r i a b l e r e s i s -

t a n c e as t h e s e n d i n g e l e m e n t , a s o u r c e o f dc v o l t a g e , and 

s e v e r a l f i x e d r e s i s t a n c e s r e p r e s e n t i n g t r a n s m i s s i o n l i n e s 

a n d one o r more r e c e i v i n g e l e m e n t s . The dc s o u r c e i n e a c h 

l o o p i s a r e c t i f i e r , w h i c h i s s u p p l i e d f r o m t h e s e p a r a t e 

1 1 0 - V i n s t r u m e n t ac p o w e r s y s t e m . The s e n d i n g e l e m e n t i s 

n o t a c t u a l l y a v a r i a b l e r e s i s t a n c e b u t i n s t e a d i s any one 

o f s e v e r a l complex c i r c u i t s w h i c h may i n c l u d e d i f f e r e n t i a l 

t r a n s f o r m e r s , t r a n s i s t o r i z e d and m a g n e t i c a m p l i f i e r s , 

o s c i l l a t o r s , e t c . , a n d w h i c h a c t t o g e t h e r l i k e a r e s i s t o r 

v a r y i n g i n p r o p o r t i o n t o t h e t r a n s m i t t e d v a r i a b l e . 

3 . T r a n s m i s s i o n s i g n a l m o d i f i c a t i o n and c o m b i n a t i o n 

S t a n d a r d c u r r e n t o r p e n u m a t i c " p r i m a r y " s i g n a l s , d i r e c t l y 

p r o p o r t i o n a l t o some m e a s u r e d q u a n t i t y , may be combined w i t h 

o t h e r p r i m a r y s i g n a l s t o p r o d u c e " s e c o n d a r y " s i g n a l s p r o p o r t i o n a l 

t o sums, d i f f e r e n c e s , p r o d u c t s , q u o t i e n t s , o r o t h e r f u n c t i o n s 

o f t h e i n p u t p r i m a r y s i g n a l s . T h e most common e x a m p l e i s t h e 

" e r r o r " s i g n a l , u s u a l l y t h e d i f f e r e n c e b e t w e e n a p r i m a r y a n d a 

m a n u a l l y c o n t r o l l e d s e t p o i n t s i g n a l . I n d i v i d u a l p r i m a r y s i g n a l s 

may a l s o be m o d i f i e d i n s e v e r a l m a n n e r s such as e x t r a c t i o n o f 

t h e s q u a r e r o o t o f a d i f f e r e n t i a l p r e s s u r e p r i m a r y s i g n a l t o 

o b t a i n a s e c o n d a r y s i g n a l p r o p o r t i o n a l t o f l o w . P r i m a r y s i g n a l s 

o f one s t a n d a r d f o r m , p e n u m a t i c o r e l e c t r i c , may be c o n v e r t e d 

t o t h e o t h e r s t a n d a r d f o r m , o r may be i n v e r t e d . The s e r v o h e a t 

power c o m p u t e r e x e m p l i f i e s s e v e r a l o f t h e above o p e r a t i o n s : 
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( 1 ) t w o p r i m a r y s t a n d a r d p e n u m a t i c s i g n a l s r e p r e s e n t i n g t e m -

p e r a t u r e a r e s u b t r a c t e d t o p r o d u c e a s e c o n d a r y s t a n d a r d p n e u m a -

t i c s i g n a l p r o p o r t i o n a l t o t e m p e r a t u r e d i f f e r e n c e ; ( 2 ) s q u a r e 

r o o t e x t r a c t i o n i s p e r f o r m e d on a p r i m a r y s t a n d a r d p e n u m a t i c 

s i g n a l , r e p r e s e n t i n g d i f f e r e n t i a l p r e s s u r e i n t h e m a i n f l o w 

V e n t u r i , t o p r o d u c e a s t a n d a r d s e c o n d a r y p n e u m a t i c s i g n a l p r o -

p o r t i o n a l t o f l o w ; ( 3 ) t h e f l o w and t e m p e r a t u r e d i f f e r e n c e 

s i g n a l s a r e m u l t i p l i e d t o g e t h e r t o p r o d u c e a s t a n d a r d p n e u m a t i c 

s i g n a l p r o p o r t i o n a l t o h e a t p o w e r ; and ( 4 ) t h e p n e u m a t i c s i g n a l 

f o r h e a t p o w e r i s c o n v e r t e d t o a s t a n d a r d e l e c t r i c c u r r e n t 

s i g n a l f o r f i n a l u t i l i z a t i o n i n t h e s e r v o s y s t e m . 

4 . S i m p l e r e a d o u t o r c o n t r o l f u n c t i o n 

A s t a n d a r d e l e c t r i c t r a n s m i s s i o n s i g n a l may be u t i l i z e d 

d i r e c t l y t o a c t u a t e a p e n o r s w i t c h v i a g a l v a n o m e t e r m o v e m e n t . 

T h e c o r r e s p o n d i n g p n e u m a t i c o u t p u t i s by means o f a s p r i n g -

l o a d e d b e l l o w s and l i n k a g e . 

5 . C o n t i n u o u s p r o c e s s c o n t r o l f u n c t i o n 

C o n t r o l l e r s d e v e l o p t h e " e r r o r " s i g n a l s d e s c r i b e d a b o v e 

a n d p u t o u t s i g n a l s o f s t a n d a r d f o r m t o t h e f i n a l c o n t r o l d e v i -

c e s . C o n t i n u o u s r e g u l a t i o n o f t h e c o n t r o l l e d p r o c e s s v a r i a b l e 

i s t h u s o b t a i n e d . I n e s s e n t i a l l y a l l o f t h e H F I R a p p l i c a t i o n s , 

t h e c o n t r o l l e r o u t p u t s a r e p n e u m a t i c and t h e f i n a l c o n t r o l 

d e v i c e s a r e p r o c e s s v a l v e s . T h e r e f e r e n c e q u a n t i t i e s f o r t h e 

e r r o r s i g n a l s a r e s e t m a n u a l l y , i n most a p p l i c a t i o n s , e i t h e r a t 

t h e c o n t r o l l e r o r r e m o t e l y , b u t may be o t h e r v a r i a b l e p r o c e s s 

s i g n a l s i n c a s c a d e o r r a t i o c o n t r o l a p p l i c a t i o n s . T h e c o n -

t r o l l e r s r e s p o n d t o e r r o r s i g n a l s i n d i f f e r e n t m a n n e r s and a t 
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d i f f e r e n t s p e e d s , d e p e n d i n g on t h e p r o p o r t i o n a l , r e s e t , and 

d e r i v a t i v e mode f e a t u r e s and a d j u s t m e n t s . A l m o s t a l l o f t h e 

c o n t r o l l e r s a r e h o u s e d w i t h o r l o c a t e d a d j a c e n t t o i n s t r u m e n t s 

w h i c h i n d i c a t e b o t h t h e p r o c e s s v a r i a b l e and t h e f i n a l c o n t r o l 

e l e m e n t p o s i t i o n . E x c e p t f o r most o f t h e l e v e l c o n t r o l l e r s , 

t r a n s f e r s w i t c h e s and e x t e r n a l a d j u s t m e n t s a r e u s u a l l y p r o v i d e d 

w h i c h e n a b l e t h e o p e r a t o r t o c u t o u t t h e a u t o m a t i c c o n t r o l 

f u n c t i o n a n d t o p o s i t i o n t h e f i n a l c o n t r o l e l e m e n t f r o m t h e 

c o n t r o l l e r l o c a t i o n . M o s t o f t h e l e v e l c o n t r o l l e r s a r e i n t e g r a l 

w i t h t h e l o c a l m e a s u r e m e n t e l e m e n t s and d e v e l o p t h e i r e r r o r 

s i g n a l s d i r e c t l y i n s t e a d o f f r o m a r e m o t e l y t r a n s m i t t e d s i g n a l . 

6 . F i n a l c o n t r o l a c t u a t i o n 

T h e p r e s s u r e o u t p u t o f a c o n t r o l l e r may be a p p l i e d d i r e c t l y 

t o t h e s p r i n g - l o a d e d d i a p h r a g m o f a c o n t r o l v a l v e , t h e r e b y 

r e g u l a t i n g p o s i t i o n o f t h e v a l v e s t e m as a d i r e c t and known 

f u n c t i o n o f t h e c o n t r o l l e r o u t p u t p r e s s u r e . Where more a c c u -

r a t e and more r a p i d v a l v e p o s i t i o n i n g i s r e q u i r e d , s e c o n d a r y 

c o n t r o l l e r s a r e a p p l i e d . T h e s e compare p o s i t i o n w i t h i n p u t 

s i g n a l and d e v e l o p a n o u t p u t e r r o r s i g n a l w h i c h i s f e d t o t h e 

d i a p h r a g m o f t h e v a l v e a c t u a t o r . T h e s e c o n d a r y c o n t r o l l e r s a r e 

e q u i p p e d w i t h i n d i c a t o r s o f a i r s u p p l y p r e s s u r e , p r e s s u r e s i g n a l 

f r o m t h e p r i m a r y c o n t r o l l e r , and p r e s s u r e i n t h e a c t u a t o r 

d i a p h r a g m . 

T h o s e i n s t r u m e n t s y s t e m s w h i c h d i r e c t l y a f f e c t c o n t r o l o r s a f e t y o f 

t h e r e a c t o r a r e i n t r i p l i c a t e , e a c h p o w e r e d f r o m a n i n d e p e n d e n t b a t t e r y / 

i n v e r t e r o r a i r s t o r a g e s u p p l y , and a r e a r r a n g e d o n a t w o - o u t - o f - t h r e e 

f u n c t i o n a l b a s i s . D e t a i l s o f t h e r e a c t o r c o n t r o l and s a f e t y s y s t e m a r e 
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p r e s e n t e d i n S e c t i o n 3 . 2 . T h e p r o c e s s c o n t r o l i n s t r u m e n t a t i o n e l e c t r i c 

p o w e r i s s u p p l i e d f r o m s e p a r a t e i n s t r u m e n t power d i s t r i b u t i o n c e n t e r s 

P l - A a n d P l - B . T h e s e c e n t e r s a r e f e d n o r m a l l y f r o m a n i n d e p e n d e n t 

1 3 . 8 - k V / 2 5 0 - V / 1 2 0 - V t r a n s f o r m e r , N o . 7 . T h e y a r e a u t o m a t i c a l l y s w i t c h e d 

t o a 4 8 0 - V / 2 4 0 - V / 1 2 0 - V t r a n s f o r m e r , N o . 7 A , o n f a i l u r e o f t h e n o r m a l 

s o u r c e ; t h i s a l t e r n a t e s o u r c e i s f e d f r o m m o t o r c o n t r o l c e n t e r " I , " 

w h i c h has b o t h n o r m a l s u p p l y a n d e m e r g e n c y b a c k u p f r o m d i e s e l - g e n e r a t o r 

N o . 1 . T h e p r o c e s s i n s t r u m e n t a t i o n p n e u m a t i c s u p p l y i s f r o m c o m p r e s s o r s 

C l - A , C l - B , and C l - C v i a a i r r e c e i v e r 6A a n d 6B w h i c h s t o r e s a s u b s t a n -

t i a l r e s e r v e s u p p l y . T h e c o m p r e s s o r s a r e f e d f o r m d i f f e r e n t power 

s u p p l i e s , one w i t h b a c k u p f r o m No . 1 d i e s e l - g e n c r a t o r and a n o t h e r w i t h 

b a c k u p f r o m No . 2 d i e s e l — g e n e r a t o r . The i n s t r u m e n t a t i o n s y s t e m s a r e 

g e n e r a l l y a r r a n g e d so t h a t component o r power s u p p l y f a i l u r e s w i l l 

d e t r a c t as l i t t l e as p o s s i b l e f r o m r e a c t o r s a f e t y o r o p e r a b i l i t y . 

3 . 3 . 3 P r i m a r y c o o l a n t s y s t e m 

The i n s t r u m e n t a t i o n f o r t h e s u b j e c t s y s t e m m o n i t o r s a n d / o r p r o v i d e s 

i n f o r m a t i o n f o r t h e a u t o m a t i c c o n t r o l o f t h e f l o w , p r e s s u r e , t e m p e r a t u r e , 

and c o n t a m i n a t i o n o f t h e w a t e r w h i c h c i r c u l a t e s t h r o u g h t h e r e a c t o r 

c o r e . 

1 . Loop p r e s s u r i z a t i o n 

A l l p n e u m a t i c s y s t e m 127 ( F i g . 3 . 1 4 ) a c t u a t e s ( a ) t h e l o o p 

h i g h p r e s s u r e a n n u n c i a t o r s w i t c h , ( b ) a s w i t c h t h a t p r o v i d e s l o w 

p r e s s u r e a n n u n c i a t i o n and s i m u l t a n e o u s l y s t a r t s t h e s t a n d b y m a i n 

p r e s s u r i z e r pump i f t h e pump c o n t r o l i s i n " S t a n d b y " mode, and 

( c ) r e c o r d e r - c o n t r o l l e r P R C - 1 2 7 i n t h e c o n t r o l r o o m . P R C - 1 2 7 

p o s i t i o n s , as a g r o u p , t h e f o u r p n e u m a t i c a l l y - o p e r a t e d p r e s s u r e 

l e t d o w n c o n t r o l v a l v e s , o n e a t e a c h h e a t e x c h a n g e r o u t l e t , 

w h i c h r e g u l a t e t h e f l o w o f w a t e r i n t o t h e l o o p c l e a n u p s y s t e m . 
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T h e c o n t r o l l e r s e t p o i n t f o r a u t o m a t i c o p e r a t i o n i s a d j u s t e d by 

a n i n d e x j u s t a b o v e t h e r e c o r d e r f a c e . T h e same i n d e x may be 

u s e d by t h e o p e r a t o r t o p o s i t i o n t h e l e t d o w n v a l v e s d i r e c t l y 

when h e h a s e l e c t e d t o s w i t c h t h e c o n t r o l l e r t o m a n u a l mode. 

O u t p u t o f t h e c o n t r o l l e r t o t h e v a l v e s i s i n d i c a t e d on a s c a l e 

a b o v e t h e c o n t r o l i n d e x . E a c h l e t d o w n c o n t r o l v a l v e and i t s 

two a s s o c i a t e d b l o c k v a l v e s a r e c a u s e d t o c l o s e i n d i v i d u a l l y 

when t h e d i s c h a r g e v a l v e o f t h e i r a s s o c i a t e d p r i m a r y c i r c u l a -

t i n g pump i s c l o s e d . T h i s a u t o m a t i c a c t i o n r e s u l t s f r o m o p e r a -

t i o n o f a l i m i t s w i t c h ( Z S 1 4 9 - 3 , 1 5 1 - 3 , 1 5 3 - 3 , 5 5 1 - 3 ) on t h e 

d i s c h a r g e v a l v e , a n d c o n s e q u e n t a c t i o n o f s o l e n o i d v a l v e s t o 

r e l i e v e t h e p n e u m a t i c p r e s s u r e i n t h e l e t d o w n c o n t r o l v a l v e 

o p e r a t o r and t h e b l o c k v a l v e s o p e r a t o r s . I n s e r i e s w i t h e a c h 

o f t h e f o u r l e t d o w n c o n t r o l v a l v e s a r e t h e two a b o v e - m e n t i o n e d 

b l o c k v a l v e s . A l l e i g h t o f t h e s e b l o c k v a l v e s a r e c o n t r o l l e d 

as a g r o u p and assume c o m p l e t e l y o p e n o r c o m p l e t e l y c l o s e d 

p o s i t i o n s on command o f s w i t c h m a t r i c e s . When c o n t r o l s w i t c h 

H S - 1 2 7 on P a n e l E i s i n t h e " N o r m a l " p o s i t i o n , e i t h e r o f two 

c o n d i t i o n s w i l l c a u s e b l o c k v a l v e c l o s u r e : ( 1 ) o p e n i n g o f 

d i r e c t - a c t i n g p r e s s u r e s w i t c h P S S - 1 2 7 B i n r e s p o n s e t o l o o p 

p r e s s u r e b e l o w 4 . 6 5 MPa ( 6 7 5 p s i ) ; o r ( 2 ) h i g h r a d i a t i o n t r i p 

c o n d i t i o n i n t h e f a u l t y f u e l e l e m e n t d e t e c t o r s o f two s a f e t y 

c h a n n e l s . " B l o c k " p o s i t i o n o f H S - 1 2 7 c a u s e s t h e v a l v e s t o 

c l o s e i n d e p e n d e n t l y o f o t h e r s i g n a l s , and " U n b l o c k " c a u s e s t h e 

v a l v e s t o o p e n and r e m a i n s o . T h e l a t t e r c o n t r o l f e a t u r e p e r -

m i t s w a t e r f r o m t h e p r i m a r y l o o p t o be t r a n s f e r r e d t o t h e 

c l e a n u p s y s t e m r e g a r d l e s s o f l o o p p r e s s u r e o r c o n t a m i n a t i o n 

c o n d i t i o n s . F a i l u r e s o f s y s t e m 127 w i l l g e n e r a l l y l e a d t o 
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v a l v e c l o s u r e s . I n d e p e n d e n t s p r i n g - l o a d e d r e l i e f v a l v e s 

( P S V - 1 5 0 and - 1 5 7 ) w i l l o p e n on e x c e s s i v e p r e s s u r e . P r e s s u r e 

s w i t c h P S S - 1 2 7 A i s a c t u a t e d a t p r e s s u r e s b e l o w 4 . 8 MPa ( 7 0 0 

p s i ) t o i n i t i a t e a n a l a r m o n a n n u n c i a t o r p o i n t I E - 1 8 and t o 

r e q u e s t s t a r t o f t h e " S t a n d b y " p r e s s u r i z e r pump. S w i t c h 

P S S - 1 2 7 C i n i t i a t e s a n a l a r m a t p r e s s u r e s above 5 . 5 MPa ( 8 0 0 

p s i ) o n a n n u n c i a t o r p o i n t I E - 1 7 . Systems 1 2 8 A , B , and C a r e 

p r i m a r i l y i n d e p e n d e n t p r e s s u r e s w i t c h e s o p e r a t i n g d i r e c t l y f r o m 

l o o p p r e s s u r e . E a c h s w i t c h h a s two p o l e s , one a c t u a t i n g t h e 

"Low P r e s s u r e " t r i p c o m p a r a t o r t o p r o d u c e s c r a m r e q u e s t i n one 

s a f e t y c h a n n e l d u r i n g Mode 1 o p e r a t i o n , and t h e o t h e r p r o d u c i n g 

a r e l a y r e q u e s t t o s h u t down a l l o f t h e m a i n c i r c u l a t i n g pump 

a c m o t o r s on l o w l o o p p r e s s u r e a t any t i m e . A c t u a l r e a c t o r 

s c r a m i n Mode 1 r e q u i r e s e i t h e r two p r e s s u r e s w i t c h e s t o r e q u e s t 

s c r a m , o r one p r e s s u r e s w i t c h p l u s some o t h e r s c r a m r e q u e s t i n 

a d i f f e r e n t s a f e t y c h a n n e l . Pump s h u t d o w n i s e f f e c t e d o n l y by 

r e q u e s t f r o m two p r e s s s u r e s w i t c h e s . S i n c e s a f e t y a c t i o n i s 

i n v o l v e d , p r o v i s i o n has b e e n made t o t e s t s y s t e m 128 d u r i n g 

r e a c t o r o p e r a t i o n . E a c h " P r e s s u r e T e s t " p u s h b u t t o n on t h e c o n -

s o l e a c t u a t e s a s o l e n o i d v a l v e w h i c h , i n t u r n , c a u s e s a 

p n e u m a t i c - a c t u a t e d v a l v e t o open and r e l i e v e p r e s s u r e on t h e 

p r e s s u r e s w i t c h a s s o c i a t e d w i t h t h a t c h a n n e l . Hand v a l v e s a r e 

p r o v i d e d f o r i s o l a t i n g e a c h p r e s s u r e s w i t c h f r o m t h e h i g h 

p r e s s u r e l o o p . T h e s e hand v a l v e s may be u s e d t o t e s t o p e r a t i o n 

o f t h e p r e s s u r e s w i t c h e s i n t h e e v e n t t h e r e g u l a r t e s t s y s t e m 

d i d n o t f u n c t i o n . 

T h e same s w i t c h i n g m a t r i c e s t h a t c o n t r o l t h e l e t d o w n b l o c k 

v a l v e s a l s o c o n t r o l a b l o c k v a l v e i n t h e s a m p l e s t r e a m f o r t h e 
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f i s s i o n p r o d u c t d e t e c t i o n s y s t e m s 2 0 0 and 253 ( s e e I t e m 4 b e l o w ) 

t h i s v a l v e assumes t h e same p o s i t i o n as t h e l e t d o w n b l o c k v a l v e s 

T h e m a t r i c e s a l s o e x e r t p a r t i a l c o n t r o l on t h e r e a c t o r v e s s e l 

v e n t v a l v e , p e r I t e m 12 b e l o w . 

S y s t e m 104 s e n s e s p r i m a r y s y s t e m i n l e t w a t e r p r e s s u r e and 

t r a n s m i t s t h i s s i g n a l t o t h e m a i n c o n t r o l room f o r d i g i t a l 

p r e s s u r e i n d i c a t i o n . 

A l l o f t h e b l o c k v a l v e s a l s o c l o s e when two ( o u t o f t h r e e ) 

s a f e t y s y s t e m f a i l e d f u e l e l e m e n t d e t e c t o r s r e c o g n i z e h i g h 

r a d i a t i o n . 

Loop m a i n f l o w 

R e g u l a t i o n o f t h e l o o p m a i n , . f l o w i s e f f e c t e d by m a n u a l c o n -

t r o l o f m o t o r - d r i v e n v a l v e s . T h e f l o w i n s t r u m e n t a t i o n p r o v i d e s 

i n f o r m a t i o n t o t h e o p e r a t o r and t o t h e r e a c t o r c o n t r o l and 

s a f e t y s y s t e m w h i c h g o v e r n s t h e r e a c t o r o p e r a t i o n . A l l o f t h e 

m a i n f l o w i n f o r m a t i o n d e r i v e s f r o m f l o w e l e m e n t 1 0 0 , a s p e c i a l 

V e n t u r i i n t h e r e a c t o r v e s s e l a p p r o a c h p i p i n g . M u l t i p l e t a p s 

i n t h e p i e z o m e t e r r i n g s o f t h e V e n t u r i p r o v i d e t h e d i f f e r e n t i a l 

p r e s s u r e s i g n a l s , c h a r a c t e r i s t i c o f f l o w , t o s i x f l o w - m e a s u r i n g 

s y s t e m s ( F i g s . 3 . 1 5 a n d 3 . 1 6 ) . E a c h o f s y s t e m s 1 0 0 - 1 , 1 0 0 - 2 , 

a n d 1 0 0 - 3 has two d i f f e r e n t i a l p r e s s u r e c e l l f l o w m e a s u r e m e n t 

d e v i c e s , d e r i v e s i t s a c t u a t i n g s i g n a l f r o m a s e p a r a t e p a i r o f 

p r e s s u r e t a p s , and s e r v e s a d i f f e r e n t s a f e t y c h a n n e l . T h e h i g h -

r a n g e "A" f l o w t r a n s m i t t e r I n e a c h s y s t e m d e v e l o p s a s t a n d a r d 

1 0 - t o 5 0 - m i l l i a m p c u r r e n t s i g n a l w h i c h i s u t i l i z e d i n t h e 

a s s o c i a t e d s a f e t y c h a n n e l , i n t h e h e a t — p o w e r c o m p u t e r , t h e f l u x / 

f l o w r a t i o c o m p u t e r , t h e f l u x / f l o w c o m p a r i s o n s c r a m e l e m e n t , 

a n d t h e f l o w r e c o r d e r . The "B" f l o w t r a n s m i t t e r s a r e l o w - r a n g e 
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F i g . 3 . 1 5 , P r o c e s s s a f e t y p r i m a r y f l o w i n s t r u m e n t a t i o n . 
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F i g . 3 . 1 6 . P r o c e s s s e r v o p r i m a r y f l o w i n s t r u m e n t a t i o n . 



3-97 

t r a n s m i t t e r s a r e l o w - r a n g e d e v i c e s , c a l i b r a t e d t o d e v e l o p 10 t o 

5 0 m i l l i a m p s f o r f l o w s i n t h e r a n g e o f 0 t o 20% o f f u l l - r a t e d 

a m o u n t . T h e i r o u t p u t s i g n a l s a r e u t i l i z e d o n l y i n t h e "Low-Low 

F l o w " s c r a m e l e m e n t s o f t h e a s s o c i a t e d s a f e t y c h a n n e l s . P r o v i -

s i o n i s made t o t e s t e a c h p a i r o f f l o w t r a n s m i t t e r s ( i . e . , A a n d 

B o f e a c h c h a n n e l ) s i m u l t a n e o u s l y , b y means of p n e u m a t i c a l l y -

a c t u a t e d v a l v e s w h i c h b y p a s s t h e f l o w t r a n s m i t t e r s . 

O p e n i n g o f e a c h o f t h e s e v a l v e s i s i n i t i a t e d by d e p r e s s -

i n g t h e " L o w - L o w - F l o w " p u s h b u t t o n o f t h e a s s o c i a t e d s a f e t y 

c h a n n e l , w h i c h e n e r g i z e s a s o l e n o i d v a l v e t o r e l i e v e d i a p h r a g m 

p r e s s u r e i n t h e bypass v a l v e o p e r a t o r . E a c h o f s y s t e m s 1 0 0 - 4 , 

1 0 0 - 5 , a n d 1 0 0 - 6 has a s i n g l e d i f f e r e n t i a l p r e s s u r e c e l l f l o w 

m e a s u r e m e n t d e v i c e , d e r i v e s i t s a c t u a t i n g s i g n a l f r o m a s e p a r a t e 

p a i r o f p r e s s u r e t a p s , and s e r v e s a d i f f e r e n t s e r v o c h a n n e l . 

T h e f l o w t r a n s m i t t e r i n e a c h s y s t e m d e v e l o p s a s t a n d a r d 3 - t o 

1 5 - p s i g p r e s s u r e s i g n a l , w h i c h i s u t i l i z e d i n t h e r e a c t o r h e a t 

p o w e r c a l c u l a t o r o f t h e a s s o c i a t e d s e r v o c h a n n e l ( s e e F i g . 

3 . 1 7 ) . E a c h p r e s s u r e s i g n a l i s a l s o c o n v e r t e d t o a 1 0 - t o 

5 0 - m i l l i a m p c u r r e n t s i g n a l , w h i c h i s u t i l i z e d as a l i m i t i n g 

s e r v o demand s i g n a l and as a v a r i a b l e r e f e r e n c e s i g n a l i n a 

p o r t i o n o f t h e s e r v o s y s t e m w h i c h a u t o - m a t i c a l l y r e d u c e s t h e 

r e g u l a r s e r v o demand s e t t i n g t o a l e v e l p e r m i t t e d by c o o l a n t 

f l o w . T h e r e i s no p r o v i s i o n f o r i n - s e r v i c e t e s t i n g o f s e r v o 

f l o w m e a s u r e m e n t s y s t e m s , n o r i s t h e r e a n y r e a d o u t o f f l o w . 

3 . Loop t e m p e r a t u r e s 

C o n t r o l o f t h e p r i m a r y l o o p t e m p e r a t u r e i s e f f e c t e d e i t h e r 

by m a n u a l o r a u t o m a t i c c o n t r o l o f t h e h e a t e x c h a n g e r ' s s e c o n -

d a r y w a t e r f l o w , and i n d i r e c t l y by a u t o m a t i c c o n t r o l o f t h e 
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From TE-IOO")A 
See Fig. 3.18 

From Tf-IOO-fB 
See 

ORNL DWG. 65-5513 

He^fbverMultiplier Flow Square Rout-fixtracior 
Output* Input l-Tnputa Output * Input lXlnp,,!?. Output ec "VInput-' 

A T Subtmctor 

- f — 
2 fX ' loo- 1 

btiA/3-lSpsif) pneumatic 3-IS psig pneum&i~ic 
Signs! cCO-ft'S-dF 

Heat FbvJrr Safety Switch ( 
Tvo sections SPOT 

For future use 

/ F M \ /From FE-10 From FE-iOO-4 
n 

signal * 0-20,000jpm flow rate 

'- ISpsij pneume+lc signal 
•• 0-/So% heal power, i.e., 

3 
CC 
<*- AT X f/ovr rstc 

Pneumatic to Current Converter 
CX/tput Current < Input f t enure 

l I0-50 ma dc signal 
J * 0-150 % heat power 

I too- J 

Heat Power Recorder 
Mam Contrc-I Room 

To Servo Controls 
Reset Flux NetvJorK 

See Dwj RCH-/2-5/ 

Tnst/vr»cfit Location 
FT-100-i- Tnsf. Vcnitoriiy Platform 
FM-/00-4A Aoxilijry Centre/ Room 

FM-100- 4B AutillJry Control Room 
FSS /3J-<? Auxiliary Control Room 
T5- /03-4A G'tO Pipe Tunnel 
T5-/0C-1B Q-/0 Rpc Tunnel 
TT/00-1A Tnstt Momtor'mj Platform 
TP/00-fB "Inst. Monitor/nj Platform 
TSS-IOO-4A Auxiliary Control Room 

T$S-iCC-*t8 Auxiliary Control Room 

TdM-IOO-4A Auxiliary Coritrol Room 
TcJM-100-48 Auxiliary Control Room 

TJSS-100-4 Auxiliary Control Room TJSS-100-4 
Mdin Control Room 

XwM-100-iA Auxiliary Contrtl Room 

XwM-100-W Auxiliary Control Room 

XwSS-/00-<f Auxiliary Control Room 

Xw R-100-4 MS''1 Control Room 

F i g . 3 , 1 7 . P r o c e s s s e r v o h e a t p o w e r i n s t r u m e n t a t i o n . 
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s e c o n d a r y l o o p c o o l i n g t o w e r d i s c h a r g e w a t e r t e m p e r a t u r e . The 

p r i m a r y l o o p t e m p e r a t u r e i n s t r u m e n t a t i o n p r o v i d e s i n f o r m a t i o n 

t o t h e o p e r a t o r a n d t o t h e r e a c t o r c o n t r o l and s a f e t y s y s t e m 

( F i g s . 3 . 1 8 a n d 3 . 1 9 ) . E a c h o f t h e s y s t e m s 1 0 0 - 1 A , - 2 A , and 

- 3 A m e a s u r e s r e a c t o r i n l e t t e m p e r a t u r e i n t h e a p p r o a c h p i p i n g ; 

and c o r r e s p o n d i n g s y s t e m s 1 0 0 - 1 B , - 2 B , and - 3 B m e a s u r e r e a c t o r 

o u t l e t t e m p e r a t u r e i n t h e v e s s e l d i s c h a r g e p i p i n g , a l l by means 

o f r e s i s t a n c e e l e m e n t s . The t e m p e r a t u r e s i g n a l s a r e c o n v e r t e d 

t o s t a n d a r d 1 0 - t o 5 0 - m i l l i a m p c u r r e n t s i g n a l s w h i c h a r e u t i -

l i z e d i n t h e a s s o c i a t e d s a f e t y c h a n n e l s t o d r i v e t h e i n l e t and 

o u t l e t t e m p e r a t u r e r e c o r d e r s ( T R - 1 0 0 - 1 A , e t c . ) t o d e v e l o p t h e 

h e a t power s i g n a l s i n t h e c h a n n e l h e a t power c o m p u t e r s and t o 

a c t u a t e t h e " h i g h i n l e t t e m p e r a t u r e " s c r a m e l e m e n t s . A s e r i e s 

o f h o t - w a t e r i n j e c t o r s i s p r o v i d e d i n o r d e r t o t e s t t h e s a f e t y 

s y s t e m t e m p e r a t u r e r e s p o n s e s ; i n d i v i d u a l i n j e c t o r s d i s c h a r g e on 

command f o r m t h e " I n l e t T e m p e r a t u r e T e s t " and " H e a t Power T e s t " 

( o u t l e t t e m p e r a t u r e ) p u s h b u t t o n s on t h e c o n s o l e . I n s t r u m e n t a -

t i o n i s p r o v i d e d t o m o n i t o r t h e p e r f o r m a n c e of t h e t e s t s y s t e m , 

a s d e s c r i b e d b e l o w u n d e r " P r i m a r y C o o l a n t S y s t e m - A u x i l i a r y . " 

E l e m e n t s 1 0 0 - 4 A , - 5 A , and - 6 A , i n l e t ; and 1 0 0 - 4 B , - 5 B , a n d - 6 B , 

o u t l e t , a r e t h e s e r v o s y s t e m t e m p e r a t u r e s e n s o r s c o r r e s p o n d i n g 

i n l o c a t i o n t o t h e above s a f e t y s y s t e m s e n s o r s . T h e y a r e o f 

b u l b - a n d - c a p i l l a r y t y p e and a c t u a t e p n e u m a t i c t r a n s m i t t e r s 

d i r e c t l y . T h e t e m p e r a t u r e p n e u m a t i c s i g n a l s a r e u t i l i z e d i n 

t h e s e r v o s y s t e m h e a t power c o m p u t e r s . ( R e c o r d i n g s a r e p r o -

v i d e d o f e a c h i n l e t - o u t l e t d i f f e r e n t i a l t e m p e r a t u r e by means o f 

TdR 1 0 0 - 4 , - 5 , and - 6 on P a n e l E . ) T h e r e i s no p r o v i s i o n f o r 

p e r t u r b i n g t h e l o o p w a t e r t e m p e r a t u r e i n o r d e r t o t e s t t h e 

s e r v o t e m p e r a t u r e r e s p o n s e , as f o r t h e s a f e t y s y s t e m . 
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Dyi-iaiherm 
<re\ Hta.\5birice Pi/lb 

^ » Squirt Te^t Intel 7*">prrjiore. 

L 3 ORNL DWG. 65-5507 

See <fet*l F,e"J-

ot-roc7-2o~-to 

Resistance Measurement 
Coolant -fetllperdfure 

Resistance t0 Currart 
Converters 

-<r 1 

i to-so mii Jc 

] o-72'F/ST 
I 

2[ 

/A J circuit ' 
Sec Pg-3-H 

VENTURI 

0math* m 
: Fresistlnce Bulb 

See <&tjit 

Output Current-
<£lnput~ resistance. 

lO-SOm/dc Sijn^/ oc O-ZSO 

AT Subtracter 
Outpvt^Input /-InpJ Z 

OWOOO-18"-6o 

Rie actor 
Pressure. 
Mesial 

-Flow 

Heat £w< 
Multiplier 
Output CC 

in/^n /J,.f^izr-j 

Current repeater 
/or ground tiolntioq 

TE lc*)s 

For Caniiiwdhoi t f 
circuit see /Vp. S./6 

to-SO mi dc signal 
XO-iSO'F inlet {rmprrjhjrc. 

>F/ovf-

I 10-SO ma de Mjnaf 
K O ZSo'f outlet temperature 

Det^l of TElOC-IAf'IB 
jnJ sju/rt hat Wjtcr-
injecticn mj^le. 

To Nuclear Safety 
Hijh Xntei Temp. NetrtvK Tnkf Temp. Fee. 
See Emj. RCU-9-SI MamContnJIixm 

I 
I 
y 

TcMjdcar Safely 
(Future) 

terimmi/rj 
300 <hn/ 

for circuit Continuity 

Outlet Temp f\.'crjc r 
Mdln Coti-trvf ficom 

F i g . 3 . 1 8 . P r o c e s s s a f e t y p r i m a r y i n l e t a n d o u t l e t c o o l a n t t e m p e r a -
t u r e s a n d c o r e AT i n s t r u m e n t a t i o n . 
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f'^J 
VJ^y jy,cr i.->J L'L / ••criT 

L 3 ORNL DWG. 65-5507 

fhw-

d-'Oar-^c -ic \>£NTUFit 

- -Gas tFypJnsicn (frc^sure) 
>: << Coolant Temperjtvrc-

Reector 
Fbeaure 
Vessel 

Inlet Temp. Safety Switch 
Two Setting SPOT 

/ o o - ) r j h / r c Transmitters*!/00. 
J OuTj.^t pressure \48 

-3-/Spsij 
<Z O-ISO'F Ctc/J.i/ temp. 

A T S'btrjjtcr 
Output oz Znpi.i 2- Ji'pof Z 

> <)' <•? V 

Ootid Temp. Sjfety Switch 
Two section. SPDT 

> >*' 

For fohrc use 

-rh-

too-
T So Fety Swikh 

TWo Section* SPOT 

For future use 

3-ISpsij pneumatic 
S/jpj/CC 0-72TA T 

For future use 

Converfcr Output 
Ccrrent *Tnprt ftesiwe 
IS-SOmi Jc <XO-Z2°FAT 

From Fkw circuit 
. See FtyS.if 

+S/lzh£vtna-fic 1c Current \4A/HcBt fiwer Multiplici-
Out-putac.JnpJlxInpJZ 

For Mure use For continuation of circuit 
s*i F/y. 3, /? 

/reactor AT FiseorJer 
Mdif> Control Room 

F i g . 3 . 1 9 . P r o c e s s s e r v o p r i m a r y i n l e t a n d o u t l e t t e m p e r a t u r e s a n d 
c o r e AT i n s t r u m e n t a t i o n . 



3-102 

A d d i t i o n a l t e m p e r a t u r e i n s t r u m e n t a t i o n i n t h e p r i m a r y l o o p 

i s d e s c r i b e d b e l o w i n a s s o c i a t i o n w i t h t h e p a r t i c u l a r e q u i p m e n t 

m o n i t o r e d . T h e i n s t r u m e n t a t i o n n e c e s s a r y t o c o n t r o l t h e p r i -

m a r y c o o l a n t a t t h e d e s i r e d t e m p e r a t u r e may be g r o u p e d i n t o two 

s u b s y s t e m s . The f i r s t s u b s y s t e m , c o n s i s t i n g o f t h e 2 5 . 4 - c m 

( 1 0 - i n . ) s e c o n d a r y c o o l a n t s y s t e m v a l v e ( T C V - 3 7 7 A ) a n d i t s 

a s s o c i a t e d i n s t r u m e n t a t i o n ( s e e F i g . 3 . 2 0 ) i s t h e a c t u a l t e m -

p e r a t u r e c o n t r o l s y s t e m , m a i n t a i n i n g a c o n s t a n t r e a c t o r i n l e t 

t e m p e r a t u r e a t t h e d e s i r e d o p e r a t i n g p o w e r . T h e i n l e t t e m -

p e r a t u r e s as m e a s u r e d by t h e t h r e e s e r v o h e a t p o w e r s y s t e m s a r e 

f e d t o t h r e e i n d e p e n d e n t c o n t r o l l e r s , and t h e i r o u t p u t s a r e f e d 

t h r o u g h a p n e u m a t i c r e l a y m a t r i x . T h i s r e l a y m a t r i x r e j e c t s 

t h e h i g h e s t and l o w e s t e r r o r s i g n a l s and p a s s e s t h a m e d i a n 

s i g n a l , p o s i t i o n i n g t h e 2 5 . 4 - c m ( 1 0 - i n . ) v a l v e t o m a i n t a i n t h e 

d e s i r e d t e m p e r a t u r e . 

S i n c e t h e 2 5 . 4 - c m ( 1 0 - i n . ) v a l v e has a l i m i t e d r a n g e o f 

t e m p e r a t u r e c o n t r o l , a second s u b s y s t e m i s n e c e s s a r y t o k e e p 

t h e 2 5 . 4 cm ( 1 0 - i n . ) v a l v e w i t h i n i t s c o n t r o l c a p a b i l i t i e s a t 

v a r i o u s power l e v e l s . T h i s second s u b s y s t e m i s c o m p r i s e d o f 

t h e 9 1 . 4 - c m ( 3 6 - i n . ) s e c o n d a r y c o o l a n t s y s t e m v a l v e ( T C V - 3 7 7 ) 

and i t s m a n u a l l y c o n t r o l l e d p o s i t i o n e r H I C - 3 7 7 . 

4 . R a d i o a c t i v i t y d u e t o f u e l e l e m e n t c l a d d i n g f a i l u r e s 

I n a d d i t i o n t o t h e c o r e o u t l e t g r o s s a c t i v i t y m o n i t o r s 

a s s o c i a t e d w i t h t h e s a f e t y s y s t e m ( s e e S e c t i o n 3 . 2 . 7 ) , s y s t e m s 

2 0 0 and 2 5 3 p r o v i d e s e n s i t i v e d e t e c t i o n o f f i s s i o n - p r o d u c t 

a c t i v i t y . B o t h o f t h e l a t t e r s y s t e m s m o n i t o r t h e same sample 

s t r e a m , w h i c h i s w i t h d r a w n f r o m t h e p r i m a r y c o o l a n t l o o p j u s t 

b e y o n d t h e c o r e e x i t . F l o w i n t h e s a m p l e l i n e i s r e g u l a t e d a n d 
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ORNL-DWG 82-15522 

From TT-100-4A 
Servo Channel "A" 

Y 

From TT-100-5A 
Servo Channel "B" 

Auxiliary 
Control Room 

Main 
Control Room 

I 
Valve Pit 

From TT-100-6A 
Servo Channel "C" 

3-15 psig pneumatic signal 
a0-250°F inlet temperature 

Recorder-Controllers 

3-15 psig pneumatic signal 
a Setpoint-measurement error 

Pneumatic Relay Matrix 
High Signal Reject 

Median Low 

3-15 psig pneumatic signal 
a Setpoint-mea^u-ement error 

Pneumatic Relay Matrix 
Low Signal Reject 

HIC-377A | 

3-15 psig pneumatic signal 
a Median temperature error signal 

Black 
' i I l It 

Auto 
t E E 

Manual 
Set 

J L 

V 
20 psig 
Inst. Air Supply 

-•-3-15 psig valve positioning signal 

3 psig - valve open 
15 psig - valve closed 

10" valve 

From co< 
Tower i > < [ 

To Primary 
Heat Exchangers 

36" valve 

F i g . 3 . 2 0 . R e a c t o r p r i m a r y t e m p e r a t u r e T C V - 3 7 7 A v a l v e c o n t r o l s y s t e m . 
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i n d i c a t e d l o c a l l y by p n e u m a t i c i n s t r u m e n t s i n c l u d i n g a f l o w 

t r a n s d u c e r , a n i n d i c a t o r c o n t r o l l e r , and a c o n t r o l v a l v e . A 

p n e u m a t i c a l l y o p e r a t e d b l o c k v a l v e I n t h e sample l i n e i s 

c o n t r o l l e d by t h e same s w i t c h i n g m a t r i x t h a t c o n t r o l s t h e m a i n 

l e t d o w n b l o c k v a l v e s ( s e e "Loop P r e s s u r i z a t i o n " ) . T h u s , s a m p l e 

f l o w i s s h u t o f f ( a ) when H S - 1 2 7 o n p a n e l E i s i n "B lock ." p o s i -

t i o n , o r ( b ) w h e n H S - 1 2 7 i s i n " N o r m a l " p o s i t i o n and e i t h e r low 

p r e s s u r e o r h i g h r a d i o a c t i v e c o n t a m i n a t i o n c o n d i t i o n s e x i s t . 

F o l l o w i n g t h e v a l v e s i n t h e s a m p l e l i n e a r e ( 1 ) a d e l a y s e c t i o n , 

( 2 ) t h e c o u n t i n g vo lume and BF^ n e u t r o n d e t e c t o r o f s y s t e m 2 0 0 , 

( 3 ) a s e c o n d d e l a y s e c t i o n , and ( 4 ) t h e d u a l - G M t u b e b e t a - g a m m a 

d e t e c t o r o f s y s t e m 2 5 3 . The l i n e d i s c h a r g e s t o t h e l e t d o w n 

s y s t e m . 

T h e t o t a l d e l a y f r o m c o r e e x i t t o t h e s y s t e m 2 0 0 c o u n t i n g 

v o l u m e i s 18 s e c o n d s , w h i c h i s s u f f i c i e n t f o r most o f t h e 1 7 N 

n e u t r o n a c t i v i t y t o d e c a y . C o n s e q u e n t l y , d e l a y e d n e u t r o n a c t i -

v i t y o f i s r e s p o n s i b l e f o r most o f t h e b a c k g r o u n d c o u n t s 

d e v e l o p e d by t h e BF^ d e t e c t o r . I o d i n e - 1 3 7 b a c k g r o u n d , p l u s a 
8 7 s m a l l b a c k g r o u n d o f Br a c t i v i t y , w i l l r e s u l t f r o m n o r m a l 

s u r f a c e c o n t a m i n a t i o n i n t h e c o r e . A p r o m p t and s i g n i f i c a n t 
1 37 

i n c r e a s e o f 1 J / I a c t i v i t y w o u l d r e s u l t f r o m a r e l e a s e o f 

g a s e o u s f i s s i o n o r o d u c t s i n t h e e v e n t o f a s m a l l b r e a c h o f t h e 

f u e l c l a d d i n g . C o n v e n t i o n a l c o u n t i n g a r r a n g e m e n t s , i n c l u d i n g 

p u l s e a m p l i f i e r and d i s c r i m i n a t i n g and p u l s e - s h a p i n g c i r c u i t r y , 

d e v e l o p t h e p u l s e i n f o r m a t i o n t o t h e o u t p u t l o g c o u n t - r a t e 

f o r m . T h e l o g c o u n t r a t e i s i n d i c a t e d and r e c o r d e d l o c a l l y a t 

t h e c l a d d i n g f a i l u r e d e t e c t o r c a b i n e t i n t h e a u x i l i a r y c o n t r o l 
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r o o m . A f a s t t r i p c o m p a r a t o r a c t u a t e s a n n u n c i a t o r p o i n t C - 1 3 

w h e n t h e c o u n t r a t e i s a p p r o x i m a t e l y t w i c e e q u i l i b r i u m b a c k -

g r o u n d . 

T h e t o t a l d e l a y f r o m c o r e e x i t t o t h e s y s t e m 253 r a d i a t i o n 

d e t e c t o r s i s a b o u t 68 s e c o n d s , w h i c h i s s u f f i c i e n t f o r most o f 

t h e w a t e r a c t i v a t i o n b e t a and gamma b a c k g r o u n d t o d e c a y . T h i s 

p e r m i t s t h e s y s t e m t o i d e n t i f y i n c r e a s e s i n b e t a and gamma 

a c t i v i t y r e s u l t i n g f r o m e s c a p e o f f i s s i o n p r o d u c t s f r o m t h e f u e l 

e l e m e n t s i n t o t h e c o o l a n t . A " L i n e a r - L o g R a d i a t i o n M o n i t o r " 

( Q - 2 3 5 3 ) m o n i t o r s t h i s a c t i v i t y a t t h e c l a d d i n g f a i l u r e d e t e c -

t i o n c a b i n e t i n t h e a u x i l i a r y c o n t r o l room and p r o v i d e s l o c a l 

i n d i c a t i o n . H i g h r a d i a t i o n , a p p r o x i m a t e l y t w i c e b a c k g r o u n d , o r 

d o w n s c a l e f a i l u r e o f t h e m o n i t o r i n s t r u m e n t i s a n n u n c i a t e d on 

p o i n t 4 E - 2 2 . A c t i v i t y l e v e l i s r e c o r d e d i n t h e c o n t r o l room on 

m u l t i p o i n t r e c o r d e r R R - 1 0 0 0 . 

Hand v a l v e s HV—274 and - 2 7 5 i s o l a t e t h e r a d i a t i o n d e t e c t o r s 

when r e q u i r e d . 

5 . R e a c t o r v e s s e l i n l e t s t r a i n e r p r e s s u r e d r o p 

P n e u m a t i c s y s t e m 103 p r o v i d e s i n d i c a t i o n on P d R - 1 0 3 o f 

d i f f e r e n t i a l p r e s s u r e a c r o s s t h e r e a c t o r v e s s e l i n l e t s t r a i n e r 

and a n n u n c i a t i o n f o r h i g h a ? on I E - 2 3 . 

6 . R e a c t o r v e s s e l p r e s s u r e d r o p 

P n e u m a t i c s y s t e m 106 m o n i t o r s t o t a l p r e s s u r e d r o p a c r o s s 

t h e r e a c t o r v e s s e l and i n l e t s t r a i n e r . A r e c o r d i n g o f t h i s 

q u a n t i t y i s p r o v i d e d on P d R - 1 0 6 i n t h e c o n t r o l room; and t h e 

s y s t e m a c t u a t e s t h e h i g h and l o w v e s s e l d i f f e r e n t i a l p r e s s u r e 

a n n u n c i a t o r p o i n t s , 1 E - 2 1 and - 2 2 . 
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7 . H e a t e x c h a n g e r p e r f o r m a n c e 

Two t h e r m o c o u p l e s , N o . 1 0 7 - A a n d - B a r e m o u n t e d t o g e t h e r 

o n t h e m a i n p i p i n g a h e a d o f t h e h e a t e x c h a n g e r b r a n c h e s , t o 

m e a s u r e t h e common e x c h a n g e r i n l e t t e m p e r a t u r e . T h e r m o c o u p l e s 

T E - 1 3 6 , - 1 3 7 , - 1 3 8 , and - 1 3 9 a r e l o c a t e d , r e s p e c t i v e l y , i n t h e 

p r i m a r y d i s c h a r g e l i n e s o f e x c h a n g e r s 1 A , I B , 1 C , and I D . A l l 

o f t h e f o r e g o i n g a r e c o n n e c t e d t o p o i n t s o f a s e l e c t o r s w i t c h 

o n t h e c o n t r o l room c o n s o l e and may be r e a d i n d i v i d u a l l y on 

T I - 1 0 4 0 . 

8 . M a i n c i r c u l a t i n g pumps 

L o c a l p r e s s u r e i n d i c a t i n g i n s t r u m e n t s a r e i n s t a l l e d i n t h e 

i n l e t and o u t l e t o f e a c h pump. I n s t r u m e n t a t i o n i s p r o v i d e d f o r 

t h e pump m o t o r l o a d s , v i b r a t i o n , and t e m p e r a t u r e s , as d e s c r i b e d 

i n S e c t i o n 6 , " C i r c u l a t i n g Pumps." T h e pump g l a n d s y s t e m f l o w 

i s m o n i t o r e d as d e s c r i b e d b e l o w u n d e r " P r i m a r y C o o l a n t S y s t e m -

A u x i l i a r y . " 

9 . P r i m a r y c l e a n u p and p r e s s u r i z a t i o n 

T h e q u a n t i t y o f w a t e r d i v e r t e d f r o m t h e p r i m a r y l o o p i n t o 

t h e d e a e r a t o r v e s s e l o f t h e c l e a n u p and p r e s s u r i z a t i o n s y s t e m 

i s c o n t r o l l e d by t h e l e t d o w n and b l o c k v a l v e s as d e s c r i b e d 

u n d e r ( 1 ) a b o v e . A d d i t i o n a l i n s t r u m e n t a t i o n i s as f o l l o w s : 

a . D e a e r a t o r l e v e l 

L e v e l c o n t r o l l e r 202 i n p n e u m a t i c s y s t e m 2 0 2 ( F i g . 

3 . 2 1 ) s e n s e s l e v e l i n t h e d e a e r a t o r v e s s e l and a c t u a t e s : 

( a ) l e v e l i n d i c a t o r 202 i n t h e c o n t r o l room; ( b ) h i g h - and 

l o w - l e v e l a n n u n c i a t i o n s w i t c h e s f o r p o i n t s 3 E - 2 and - 3 ; 

( c ) a s w i t c h t h a t s h u t s down t h e p r i m a r y c l e a n u p s y s t e m 
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L 3 ORNL DWG. 65-5507 

Instrument Locution 

LC-P.02 AJjjr.,-,// p-nnjry Drjcrjtsr 
LT-202 AJj&Ce ni f-fintary foytL-rdrr-
LSS-QC2. uWWe Cr'/ /Of-
LS-P.C2-A Auxi/ijry Control Room 
LS-202-B Auxiliary Contrz! Rem/ 
L J- 202 Main Centre! Root" 
LA-202-A Main Centre! Rcem 
LA-2CZ-B Main Ccnfrd Room 
ICV- 202 Cell 104 
Re Id? # 5/ Moter Cen M "B" 

F i g . 3 . 2 1 . P r i m a r y c o o l a n t d e a e r a t o r l e v e l c o n t r o l s y s t e m 2 0 2 . 
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pumps on l o w l e v e l ; and ( d ) c o n t r o l v a l v e L C V - 2 0 2 , w h i c h 

r e g u l a t e s t h e r a t e o f w i t h d r a w a l o f w a t e r f r o m t h e d e a e r a -

t o r by t h e c l e a n u p s y s t e m pumps. On e x t r e m e h i g h , o r 

f l o o d i n g l e v e l , t h e d i r e c t - a c t i n g l e v e l s w i t c h o f s y s t e m 

2 0 4 i n i t i a t e s a n n u n c i a t i o n on p o i n t 3 E - 1 and c l o s u r e o f 

t h e s t e a m s u p p l y v a l v e f o r t h e j e t e j e c t o r s . S e t p o i n t 

a d j u s t m e n t o n l y i s a v a i l a b l e t o l e v e l c o n t r o l l e r 2 0 2 . 

Upon h i g h o f f - g a s t e m p e r a t u r e i n d i c a t i o n by T E - 4 7 6 , T S - 4 7 6 

a c t u a t e s a n n u n c i a t o r 3E—12 and c l o s e s t h e s t e a m s u p p l y 

v a l v e f o r t h e j e t e j e c t o r s . 

D e a e r a t o r l o s s of vacuum 

P n e u m a t i c s y s t e m 2 0 1 s e n s e s p r e s s u r e ( v a c u u m ) i n t h e 

d e a e r a t o r v e s s e l , i n d i c a t i n g same on P I - 2 0 1 i n t h e c o n t r o l 

room. A l o s s o f vacuum a n n u n c i a t i o n s w i t c h i s a l s o 

a c t u a t e d by t h e s y s t e m when t h e v e s s e l p r e s s u r e e x c e e d s 

- 6 7 . 5 kPa ( - 2 0 i n . H g ) gauge a l a r m i n g on p o i n t 3 E - 4 . 

L o c a l d e a e r a t o r m o n i t o r s 

L o c a l i n d i c a t i n g i n s t r u m e n t s m o n i t o r p r e - a n d a f t e r -

c o n d e n s e r p r i m a r y p r e s s u r e s ( v a c u u m ) and p r i m a r y d i s c h a r g e 

t e m p e r a t u r e s , e j e c t o r s t e a m s u p p l y p r e s s u r e , d e a e r a t o r 

i n l e t and o u t l e t w a t e r t e m p e r a t u r e . 

P r i m a r y c l e a n u p s y s t e m pumps 

L o c a l i n d i c a t o r s f o r t h e i n l e t and o u t l e t p r e s s u r e o f 

e a c h pump. 

P r i m a r y l o o p pH a n d c o n d u c t i v i t y 

S y s t e m 2 0 3 m e a s u r e s pH a n d c o n d u c t i v i t y of a s a m p l e 

s t r e a m i n t h e c l e a n u p s y s t e m pumps d i s c h a r g e h e a d e r . The 

s a m p l e i s d i s c h a r g e d t o t h e ILW s y s t e m . C o n d u c t i v i t y i s 
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i n d i c a t e d on one p o i n t o f c o n d u c t i v i t y r e c o r d e r C R - 1 0 2 . 0 , 

a n d pH on one p o i n t o f pH r e c o r d e r A p H - 1 0 1 0 , a l l i n t h e 

c o n t r o l r o o m . T h e pH o f t h e p r i m a r y c o o l a n t w a t e r i s m a i n -

t a i n e d a t 5 . 0 by c o n t r o l l i n g t h e pH o f t h e w a t e r i n t h e 

p r i m a r y w a t e r h e a d t a n k ( F i g . 3 . 2 2 ) . T r a n s m i t t e r A p H T - 1 2 0 0 

s e n s e s t h e pH o f a s a m p l e s t r e a m o f w a t e r t a k e n f r o m t h e 

p r e s s u r i z e r pump d i s c h a r g e l i n e and a c t u a t e s l o c a l r e c o r d e r -

c o n t r o l l e r A p R R C - 1 2 0 0 . T h e m i l l i a m p dc o u t p u t s i g n a l f r o m 

t h e c o n t r o l l e r i s t h e n c o n v e r t e d by o p e r a t o r A p H R C - 1 2 0 0 

t o a 0 - 1 2 0 V dc r a n g e t o c o n t r o l t h e s p e e d o f t h e pump 

d e l i v e r i n g t h e a c i d s o l u t i o n t o t h e p r i m a r y w a t e r h e a d 

t a n k , i n o r d e r t o h o l d t h e pH o f t h e s y s t e m a t t h e d e s i r e d 

v a l u e . E x c e s s i v e d e v i a t i o n s above o r b e l o w s e t p o i n t a c t u a t e 

l i m i t s w i t c h e s i n t h e r e c o r d e r s e c t i o n o f A p H R C - 1 2 0 0 f o r 

h i g h o r low pH a n n u n c i a t i o n i n t h e c o n t r o l room on p o i n t s 

4 E - 9 a n d 4 E - 1 0 . O p e r a t o r A p H O - 1 2 0 0 i s f u r n i s h e d w i t h a 

mode s w i t c h and a m a n u a l c o n t r o l k n o b w h i c h may be u s e d t o 

m a n u a l l y c o n t r o l t h e pH ( i . e . , a c i d pump s p e e d ) o f t h e 

p r i m a r y s y s t e m , 

f . P r i m a r y c l e a n u p s y s t e m f i l t e r s 

L o c a l i n d i c a t o r s a r e p r o v i d e d f o r t h e p r e s s u r e i n t h e 

f i l t e r i n l e t and o u t l e t common h e a d e r s f o r u s e i n d e t e r -

m i n i n g p r e s s u r e d r o p a c r o s s f i l t e r s . E x t e r n a l l y m o u n t e d 

d i f f e r e n t i a l p r e s s u r e i n d i c a t o r s a r e a l s o p r o v i d e d f o r t h e 

p r e f l i t e r s . A f l o w g l a s s i n t h e common v e n t h e a d e r e x h i -

b i t s a r i s e o f l i q u i d l e v e l on f a i l u r e o f f i l t e r v e n t b a l l 

f l o a t t r a p s . 
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Vent 

I 
ORNL DWG. 65-6515 
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F i g . 3 . 2 2 . P r i m a r y c o o l a n t pH c o n t r o l s y s t e m 1 2 0 0 . 
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P r i m a r y c l e a n u p s y s t e m d e m i n e r a l i z e r s 

F l o w g l a s s e s a r e p r o v i d e d i n t h e v e n t l i n e o f e a c h 

d e m i n e r a l i z e r v e s s e l , f o r u s e i n l o c a t i n g l e a k i n g b a l l 

f l o a t t r a p s . Two l o c a l p r e s s u r e i n d i c a t o r s a r e i n s t a l l e d , 

one i n t h e i n t e r c o n n e c t i o n p i p i n g o f e a c h a n i o n / c a t i o n 

p a i r . E x t e r n a l l y m o u n t e d d i f f e r e n t i a l p r e s s u r e i n d i c a t o r s 

a r e a l s o p r o v i d e d f o r e a c h o f t h e d e m i n e r a l i z e r c o l u m n s . 

L o c a l p r e s s u r e i n d i c a t o r s a r e a l s o p r o v i d e d a t t h e i n l e t 

a n d o u t l e t o f t h e d e m i n e r a l i z e r r e c y c l e pump. R o t a m e t e r 

f l o w i n d i c a t o r s m e a s u r e t h e t r a n s f e r f l o w o f c a u s t i c and 

a c i d s o l u t i o n s f r o m t h e i r day t a n k s t o t h e d e m i n e r a l i z e r 

s y s t e m d u r i n g r e g e n e r a t i o n o p e r a t i o n s . 

D e m i n e r a l i z e r a f t e r f i l t e r 

P r e s s u r e i n d i c a t o r s and a d i f f e r e n t i a l p r e s s u r e gauge 

a r e i n s t a l l e d l o c a l l y a t t h e a f t e r f i l t e r i n l e t and o u t l e t 

t o m o n i t o r f o r c l o g g i n g . 

D e m i n e r a l i z e r e f f l u e n t c o n t a m i n a t i o n 

S y s t e m 127 s a m p l e s t h e p r i m a r y d e m i n e r a l i z e r e f f l u e n t 

b e y o n d t h e a f t e r f i l t e r and m e a s u r e s pH a n d c o n d u c t i v i t y . 

T h e s e q u a n t i t i e s a r e i n d i c a t e d l o c a l l y and r e c o r d e d i n t h e 

c o n t r o l room on m u l t i - p o i n t r e c o r d e r s C R - 1 0 2 0 ( c o n d u c t i v i t y ) 

a n d A p H R - 1 0 1 0 ( p H ) . I n a d d i t i o n , C A - 2 1 7 A a n n u n c i a t e s 

l o c a l l y a n d i n t h e c o n t r o l room on 4 E - 8 and C S - 2 1 7 A c l o s e s 

t h e d e m i n e r a l i z e r o u t l e t v a l v e t o s h u t t h e s y s t e m down i n 

t h e e v e n t t h e d e m i n e r a l i z e r i s d i s c h a r g i n g p o o r q u a l i t y 

w a t e r i n t o t h e p r i m a r y h e a d t a n k . 
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P r i m a r y w a t e r h e a d t a n k l e v e l 

P n e u m a t i c s y s t e m 2 1 4 ( F i g . 3 . 2 3 ) s e n s e s t h e l e v e l i n 

t h e p r i m a r y w a t e r h e a d t a n k and t r a n s m i t s a s i g n a l w h i c h 

a c t u a t e s ( a ) a s w i t c h t h a t i n i t i a t e s l o w - l e v e l a n n u n c i a t i o n 

on p o i n t 4 E - 1 1 , ( b ) l e v e l i n d i c a t o r L I - 2 1 4 i n t h e c o n t r o l 

r o o m , ( c ) a s w i t c h t h a t i n i t i a t e s p r e s s u r i z e r pump s h u t -

down on l o w l e v e l , and ( d ) t h e l e v e l c o n t r o l l e r L C - 2 1 4 

w h i c h p o s i t i o n s t h e d e m i n e r a l i z e d w a t e r makeup v a l v e . The 

l o a d i n g s t a t i o n has i n d i c a t o r s f o r s e t p o i n t and l e v e l 

m e a s u r e m e n t p r e s s u r e . 

P n e u m a t i c s y s t e m 214A p r o v i d e s a backup Tor s y s t e m 

2 1 4 by s e n s i n g t h e l e v e l i n t h e p r i m a r y w a t e r h e a d t a n k 

a n d t r a n s m i t t i n g a s i g n a l w h i c h a c t u a t e s ( a ) a s w i t c h t h a t 

i n i t i a t e s l o w l e v e l a n n u n c i a t i o n on p o i n t 4 E - 1 2 , ( b ) l o c a l 

l e v e l i n d i c a t i o n , and ( c ) a s w i t c h t h a t i n i t i a t e s p r e s s u r -

i z e r pump s h u t d o w n on l o w l e v e l . 

P n e u m a t i c s y s t e m 2 1 5 s e n s e s f l o w i n t h e d e m i n e r a l i z e d 

w a t e r makeup l i n e t o t h e p r i m a r y h e a d t a n k and p r o v i d e s 

s e p a r a t e l o c a l i n d i c a t i o n a n d r e m o t e r e c o r d i n g o f t h i s f l o w 

i n t h e c o n t r o l room. 

P r e s s u r i z e r pump p e r f o r m a n c e 

L o c a l p r e s s u r e i n d i c a t i n g i n s t r u m e n t s a r e p r o v i d e d t o 

r e a d t h e i n l e t and o u t l e t p r e s s u r e o f e a c h o f t h e m a i n p r e s -

s u r i z e r pumps P U - 4 A a n d - 4 B and t h e e m e r g e n c y p r i m a r y f e e d 

pump, P U - 1 1 . I n s t r u m e n t a t i o n i s p r o v i d e d f o r t h e pump 

m o t o r l o a d s as d e s c r i b e d i n S e c t i o n 6 , " P r e s s u r i z e r P u m p s . " 

S y s t e m s 1 7 6 , 1 7 7 , 1 7 8 , a n d 179 r e g u l a t e t h e s p e e d o f t h e 

p r e s s u r i z e r pumps and i n d i c a t e t h e s p e e d i n t h e c o n t r o l 
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Fig. 3.23. Reactor primary water head tank level control system 214. 
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control 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 is also shut down upon 
loss of pump suction pressure, high discharge water tem-
perature, and high discharge pressure 5.9 MPa (850 psig). 

1. 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 console. 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.ig 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 point 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-
ciator 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 control 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. 

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 instrumentation: 
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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 outlet 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" annunciator 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 run 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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11 . Reactor v e s s e l v e n t i n g 

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 is 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 
pumps. 

These high-level shutdowns require a resetting of the pump 
control circuits before the affected pump can be placed back on 
the line, if the high-level condtrlc.u persists for longer than 
60 s. This reset action is accr.-4. lis tied by placing the appro-
priate pump control switch (SS9, 10, 11, 12) momentarily in the 
"Off-Reset" position. 

4. Pool surge tank level 
The water level in the pool surge tank is automatically 

maintained by the all-pneumatic system 401 (Fig. 3.24). , The 
controller LCT-401 senses the level in the tank and actuates 
(1) level indicator LI-401 in the control room, (2) a low-level 
annunciator switch for alarm on point 3E-16, (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 the flow in the demineralized 
water makeup line and provides separate local indication and 
remote recording of this flow rate in the control room. 

5. Loop conductivity 
System 217B measures the conductivity of the pool cleanup 

system outlet downstream of the afterfilter. This quantity is 
indicated locally and recorded in the control room on a multi-
point recorder, CR-1020. 

6. 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 
flo'7 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 
measurement 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 valve 
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: 
a. 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. 

b. 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 

H 
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ejectors. This same steam supply valve is closed upon 
high HOG temperature at the discharge of the deaerator 
condensers. 

c. 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. 

d. 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. 

e. Pool demineralizer pumps 
Local pressure indicators are provided in the inlet 

and HUfelet of each pump. 
f. Pool cleanup pre-filter 

I'liilirtUre gauges are installed in the inlet and exit 
filtei piping for use in detecting the pressure drop 
across the filter. 

A flow glass fh?1 filter OHOG vent line is provided 
to aid in til'5 air Ill'̂ llflH npplflI InllJ as described in 
sent: Lull 6.4. ;s III I lie |iM»nMlllh!L 
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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 flow 

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 concern-
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. 

2. 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 loading station 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 line 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. 

3. 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. 

4. 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 gauges 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 located, respectively, in the secondary dis-
charge lines of exchangers 1A, IB, 1C, and ID. 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. 

5. 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. 

6. 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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7. 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 
pumps (see following section). 

8. 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 
acid 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. 

9. 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, point 2E-14. 

10. 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. 

11. 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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Fig. 3.28. Basin blowdown control system 325. 



3-135 

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 
blowdown 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 adjustment 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-controller FIC-325 is fur-
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 control. A "Reg-valve" switch on the 
controller permits the output pressure to the valve to be read 
out instead of the setpoint. 
Secondary coolant radiation monitoring 

Radiation system 325 is intended to monitor for gro'tss 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. 

13. 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. 

14. 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 bubbler system and is indicated in the chemical 
treatment room. 

3.3.6 Process water supply and demineralizer chemical supplies 
1. Potable/process water backflow preventers 

Two parallel backflow preventers separate the potable water 
system 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. 

2. 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 senses the conductivity of a sample 
stream of water from the demineralizer exit and actuates local 
indicator CI-374 and switch CC-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 is 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. Setpoint 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 outlet pressures of each pump. System 
614 initiates pressure signals to local and remote indicating 
instruments and actuates annunciator 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 che caustic solution 

in the day tank and directly actuates local indicator TI-445 
and control "alve 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 instrumentation 

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

b. Locally 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-conditioning units 2, 5, 10, and 14. No coin-
cidence circuits are used, and any one of the four systems can initiate 
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 (Pdl-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.) 
H2O are annunciated in the control room on point FG-1L. 

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 CH0G 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 information concerning switch setpoints and fan control 
circuits is contained 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. Loss 
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 

PI-623. Should the pressure in the receiver dLop below 365 kPa 
(53 psig), pressure switch PS-624 actuates to start the standby 
air compressor 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 local "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 system. 

System 627 senses the moisture content in a continuous 
sampling of the instrument air and provides a local indication 
of this quantity on Ami-627. 

3. Reactor servo system heat-power instrument air supply 
monitoring 

System 625 sense the pressure in the heat power instrument 
air 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 air compresor discharge line. The valve will 
automatically close when the pressure in the header falls to 
413 kPa (60 psig). 

The instrument air pressure in receivers 7-A, 7-B, and 7-C 
is indicated locally. Pressure switches PSS-654, PSS-655, and 
PSS-656 sense loss of air pressure 220kPa (<32 psig) to the 
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pneumatic instruments of servo channels 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 Is 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 iodine 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 



3-145 

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 coi.nt-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 manual 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 removed. 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 ensure 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 channel 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 cool?it 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 channel 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 i-lectrometer, 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 rar/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 radioactivity. This effluent normally is 
discharged to holding pond No. 1; 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 recorded in the 
control room. 

2. 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. 

3. Beyond the solenoid valve, the sample line branches. One 
branch carries a continuous stream past the radiation detector 
RE-703 and discharges it back to the main PWD stream, and the 
other branch leads to the inlet of the sampling pump. The 
latter 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 0 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-v 1, 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., 
power 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 annunciated 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 flow 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 
1546-01-M-5015 
1546-01-M-5016 

Isometric of Lhe Pool Area 
Fuel Element Seats for Clean Pools 
Interpool Transfer Platforms for Fuel Elements 

4.1.2. Introduction 
Fuel storage is the temporary retention 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 outside 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 th'» 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 t o 757 1 / m i n ( 2 0 0 gpm) o f p o o l w a t e r f l o w s t h r o u g h t h e d e f e c t i v e 

f u e l e l e m e n t s t o r a g e r a c k and i n t o t h e p o o l c l e a n u p s y s t e m . T h e r e f o r e , 

p o o l c o n t a m i n a t i o n o c c u r s o n l y w h i l e t r a n s f e r r i n g t h e e l e m e n t f ro . - i t h e 

r e a c t o r v e s s e l t o t h e s t o r a g e r a c k . I n t h e e v e n t o f a f a i l u r e o f t h e 

p o o l c l e a n u p l o o p , a h e a t e x c h a n g e r , l o c a t e d i n t h e r e a c t o r p o o l ( F i g . 

4 . 3 ) w i l l p r o v i d e up t o 300 kW o f c o o l i n g u s i n g n a t u r a l c o n v e c t i o n f l o w 

o f p o o l w a t e r . 
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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 
1 F r\ 

flux of approximately 5 x 10 n / cm —s for the purpose of producing 
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-OD (3/8-in.) rods spaced in a triangular pattern. The rods are 
fabricated from a mixture of curium oxide and aluminum powder which is 
pelletlzed (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 
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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 Technology 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 Introduction 

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 provided for automatic ejection of the rabbits from 
the core region upon a flow decrease through the primary system, upon 
a flow decrease through 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 clea.i 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-1 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 entire 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 is necessary in the core 
region because of space limitations; the rabbit tube actually occupies 



Fig. 5.2. Central rabbit facility flow sheet. 
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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 made 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 rabbit 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 rabbits 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 region 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 is 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 system 
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 flow path from the in-pile rabbit tube to the 
system low-pressure point. If 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 is 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-ft2). The corresponding values when flow is 
limited to that through the restrictor orifice are 4.7 x 10^ and 5.2 x 
1010 W/m2 (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 10^ W/m2 (50,000 Btu/h-ft2). 

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 
pump 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 radiation 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-OD 
(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 Pig. 
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 individual 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 pool 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. 



Fig. 5.6. Horizontal beam tube. 
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The recess inside the cavity is provided with a 6.35-cm (2 1/2-in.) 
SBRE 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-cm-ID (2.834-in.) and are 
located 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 penetrations 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 Freliminary 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 Cccrdinator 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 Operability 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. 
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4 . R e i n s e r t i o n a r r a n g e m e n t s f o r an e x p e r i m e n t f a c i l i t y w h i c h has 

b e e n removed s h o u l d be d i r e c t e d by t h e R e a c t o r E x p e r i m e n t 

C o o r d i n a t o r i n t h e same manner as f o r a new e x p e r i m e n t w h i c h 

h a s a l r e a d y been a p p r o v e d by t h e R e a c t o r E x p e r i m e n t s C o o r d i n a -

5 . C h a n g e s , e i t h e r i n t h e m e t h o d o f o p e r a t i o n or t h e p h y s i c a l 

makeup o f an e x p e r i m e n t , s h o u l d be a p p r o v e d by t h e R e a c t o r 

S u p e r v i s o r and t h e R e a c t o r E x p e r i m e n t s C o o r d i n a t o r . 

5 . 6 . 8 T e r m i n a t i o n o f e x p e r i m e n t 

T e r m i n a t i o n o f a n e x p e r i m e n t w i l l be r e p o r t e d t o t h e R e a c t o r E x p e r i -

m e n t s C o o r d i n a t o r by t h e R e a c t o r S u p e r v i s o r . The C o o r d i n a t o r w i l l t a k e 

s t e p s t o p l a c e t h e E x p e r i m e n t I n f o r m a t i o n F i l e i n t h e " i n a c t i v e " f i l e s 

and n o t i f y t h e a p p r o p r i a t e p e r s o n n e l t h a t a f a c i l i t y has b e e n v a c a t e d 

and may be o f f e r e d f o r use t o o t h e r r e s e a r c h g r o u p s . 

5 . 6 . 9 D i s p o s a l o f u s e d e x p e r i m e n t a l e q u i p m e n t 

D i s p o s a l o f t h e u s e d e q u i p m e n t f r o m any e x p e r i m e n t w i l l be h a n d l e d 

by t h e R e a c t o r S u p e r v i s o r and t h e r e s e a r c h p e r s o n n e l i n v o l v e d . S t o r a g e 

o f any e q u i p m e n t i n t h e O p e r a t i o n s a r e a s h o u l d be a p p r o v e d by t h e 

R e a c t o r S u p e r v i s o r . 

5 . 7 E x p e r i m e n t P r e o p e r a t i o n a l Checks 

P r i o r t o r e a c t o r s t a r t u p , a l l new e x p e r i m e n t i n s t a l l a t i o n s must be 

t h o r o u g h l y c h c k e d t o e n s u r e t h a t t h e m a t e r i a l s , w o r k m a n s h i p , and com-

p o n e n t s meet t h e s a f e t y r e q u i r e m e n t s f o r t h e e x p e r i m e n t and t h a t a l l 

p r e i n s t a l l a t i o n r e q u i r e m e n t s s u c h as p r e s s u r e and l e a k t e s t i n g , w e l d 

x - r a y s , e t c . , h a v e b e e n m e t . I n a d d i t i o n , i t i s n e c e s s a r y t o c h e c k e a c h 

s a f e t y m o n i t o r t o e s t a b l i s h t h a t i t w i l l p e r f o r m t h e n e c e s s a r y c o r r e c -

t i v e a c t i o n as s t i p u l r . ^ M i n t h e e x p e r i m e n t a p p r o v a l . T h i s i n i t i a l 
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p r e s t a r t check i s made by b o t h t h e R e a c t o r E x p e r i m e n t s C o o r d i n a t o r and 

t h e R e a c t o r S u p e r v i s o r . S u b s e q u e n t s t a r t u p c h e c k s a r e g e n e r a l l y done 

a p a r t o f t h e r e a c t o r s t a r t u p c h e c k s . 

5 . 8 C o v e r a g e o f E x p e r i m e n t s by O p e r a t i o n s D i v i s i o n P e r s o n n e l 

I n o r d e r t o e n s u r e t h a t unmanned r e s e a r c h e x p e r i m e n t s a r e c o v e r e d 

e f f i c i e n t l y , s a f e l y , and e x p e d i e n t l y by O p e r a t i o n s D i v i s i o n p e r s o n n e l , 

i t i s e s s e n t i a l t h a t a l l p e r s o n n e l be p r o p e r l y i n f o r m e d and t h a t o p e r a 

t i o n a l c h a n g e s be r e l a y e d f r o m one s h i f t t o t h e n e x t . The f o l l o w i n g 

p r o c e d u r e s u m m a r i z e s t h e c o v e r a g e o f r e s e a r c h e x p e r i m e n t s and t h e 

g e n e r a l s t e p s t o be t a k e n i n t h e e v e n t o f d i f f i c u l t i e s . 

A n o t e b o o k i s p r o v i d e d f o r a l l w r i t t e n i n s t r u c t i o n . I n 

a d d i t i o n t o t h e u s u a l i n f o r m a t i o n s u p p l i e d by t h e e x p e r i m e n t 

s p o n s o r , t h e " E x p e r i m e n t I n f o r m a t i o n S h e e t " w i l l be f i l l e d o u t 

by t h e e x p e r i m e n t e r o r someone d e l e g a t e d by h i m t o s u m m a r i z e 

t h e e x p e r i m e n t e r ' s i n s t r u c t i o n s . These i n s t r u c t i o n s must be 

u p - t o - d a t e a t a l l t^mes and r e v i e w e d e a c h w e e k . I f s p e c i a l 

i n s t r u c t i o n s a r e made by an e x p e r i m e n t e r on t h e 4 - 1 2 o r 1 2 - 8 

s h i f t s , t h e S h i f t F o r e m a n w i l l p u t them i n t h e p r o p e r n o t e b o o k 

p o s i t i o n and l e a v e a n o t i c e i n t h e l o g book t h a t a d d i t i o n a l 

i n s t r u c t i o n s o r c h a n g e s i n i n s t r u c t i o n s h a v e b e e n r e c e i v e d . 

O t h e r w i s e , a l l i n s t r u c t i o n s f r o m t h e e x p e r i m e n t e r must be p r e -

s e n t e d t o t h e R e a c t o r S u p e r v i s o r f o r r e v i e w b e f o r e b e i n g p u t 

i n t o t h e n o t e b o o k . When a n e x p e r i m e n t f a c i l i t y i s n o t i n u s e , 

t h e i n s t r u c t i o n s w i l l be removed f r o m t h e n o t e b o o k and f i l e d by 

t h e R e a c t o r S u p e r v i s o r o r someone d e l e g a t e d by h i m . T h e S h i f t 

F o r e m a n i s t o c h e c k a l l i n s t r u c t i o n s a t t h e b e g i n n i n g o f e a c h 

s h i f t f o r any c h a n g e s . He s h o u l d t h e n g i v e t h e s e i n s t r u c t i o n s 

t o a l l o p e r a t o r s c o n c e r n e d . 
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6 . COOLING SYSTEMS 

6 . 1 . I n t r o d u c t i o n 

T h e c o o l i n g r e q u i r e m e n t s f o r power o p e r a t i o n o f t h e H F I R a r e s a t i s -

f i e d by two s e p a r a t e c o o l i n g s y s t e m s . One o f t h e s e , t h e r e a c t o r c o o l i n g 

s y s t e m , i s d e s i g n e d t o remove v i r t u a l l y a l l o f t h e e n e r g y f r o m t h e c o r e . 

T h i s s y s t e m u s e s d e m i n e r a l i z e d w a t e r as t h e p r i m a r y c o o l a n t w h i c h i s 

pumped t h r o u g h t h e r e a c t o r t a n k a t a d e s i g n f l o w r a t e o f 5 6 , 7 7 5 1 / m i n 

( 1 5 , 0 0 0 g p m ) . The p r i m a r y c o o l a n t t h e n p a s s e s t h r o u g h t h e t u b e s i d e o f 

t h r e e o f t h e f o u r p r i m a r y h e a t e x c h a n g e r s w h e r e i t g i v e s up i t s h e a t t o 

t h e s e c o n d a r y c o o l a n t w h i c h i s c i r c u l a t e d t h r o u g h t h e s h e l l s i d e o f t h e 

h e a t e x c h a n g e r s . The s e c o n d a r y c o o l a n t ( t r e a t e d p r o c e s s w a t e r ) i s t h e n 

c i r c u l a t e d t h r o u g h a c o n v e n t i o n a l i n d u c e d - d r a f t c o o l i n g t o w e r w h i c h 

d i s s i p a t e s t h e h e a t t o t h e a t m o s p h e r e . 

A p p r o x i m a t e l y 0 . 4 MW o f r e a c t o r h e a t i s t r a n s f e r r e d t o t h e r e a c t o r 

p o o l by c o n d u c t i o n f r o m h e a t e d s u r f a c e s and as t h e r e s u l t of a b s o r b e d 

r a d i a t i o n . To accommodate t h i s and up t o 0 . 5 MW o f h e a t r e l e a s e d by 

s t o r e d s p e n t f u e l e l e m e n t s , a s e c o n d c o o l i n g s y s t e m , t h e p o o l c o o l i n g 

s y s t e m , p e r m i t s c i r c u l a t i o n o f 1000 gpm o f p o o l w a t e r t h r o u g h t h e s h e l l 

s i d e s o f two h e a t e x c h a n g e r s . T h e same s e c o n d a r y c o o l a n t s y s t e m i s used 

a s i n t h e c a s e o f t h e r e a c t o r c o o l i n g s y s t e m . 

B e c a u s e o f t h e h e a t g e n e r a t e d by t h e f i s s i o n p r o d u c t i n v e n t o r y i n 

t h e c o r e , i t i s n e c e s s a r y t o p r o v i d e c o o l i n g t o t h e c o r e f o r some t i m e 

f o l l o w i n g s h u t d o w n . U n d e r n o r m a l c i r c u m s t a n c e s t h i s i s h a n d l e d by t h e 

p r i m a r y c i r c u l a t i o n pumps. I n t h e e v e n t o f a f a i l u r e o f power t o t h e 
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m a i n pump m o t o r s , a d e q u a t e c o o l a n t f l o w i s m a i n t a i n e d by b a t t e r y - p o w e r e d 

dc m o t o r s a t t a c h e d t o t h e s h a f t s o f t h e m a i n c o o l a n t pumps. Any one o f 

t h e s e m o t o r s c a n p r o v i d e c o o l a n t f l o w s u f f i c i e n t t o p r e v e n t damage due 

t o a f t e r h e a t . T h i s d c - p o w e r e d c i r c u l a t i o n s y s t e m can a l s o be u s e d f o r 

o p e r a t i o n a t 10 MVJ d u r i n g a n o r m a l - p o w e r o u t a g e . 

E a c h o f t h e w a t e r s y s t e m s has a s s o c i a t e d w i t h i t v a r i o u s components 

f o r t h e p u r p o s e o f d e m i n e r a l i z i n g , d e a e r a t i n g , and m e a s u r i n g t h e f l o w . 

M o s t of t h e s e components a r e l o c a t e d i n t h e w a t e r w i n g o f t h e b u i l d i n g . 

6 . 2 T h e P r i m a r y C o o l a n t S y s t e m 

T h e p r i m a r y r e a c t o r c o o l a n t i s d e m i n e r a l i z e d l i g h t w a t e r w h i c h i s 

m a i n t a i n e d a t a pH o f 5 . 0 + 0 . 1 t o m i n i m i z e c o r r o s i o n o f t h e a l u m i n u m -

c l a d f u e l e l e m e n t . The s y s t e m i s d e s i g n e d t o o p e r a t e a t a maximum r e a c -

t o r i n l e t p r e s s u r e o f 6 . 9 MPa ( 1 0 0 0 p s i ) ; h o w e v e r , t h e n o r m a l o p e r a t i n g 

c o n d i t i o n i s w i t h an i n l e t p r e s s u r e o f 5 . 2 MPa ( 7 5 0 p s i g ) . 

As i l l u s t r a t e d i n F i g . 6 . 1 , t h e p r i m a r y c o o l a n t e n t e r s t h e p r e s s u r e 

v e s s e l t h r o u g h two 4 0 . 6 - c m ( 1 6 ~ i n . ) i n l e t l i n e s l o c a t e d n e a r t h e t o p . 

I t p a s s e s , by p a r a l l e l f l o w p a t h s , t h r o u g h t h e f u e l e l e m e n t s , c o n t r o l 

r o d s , t a r g e t , and r e f l e c t o r and l e a v e s t h e p r e s s u r e v e s s e l t h r o u g h an 

4 5 . 7 - c m - d i a m ( 1 8 - i n . ) l i n e a t t h e b o t t o m o f t h e v e s s e l . The d e s i g n 

i n l e t t e m p e r a t u r e i s 4 9 ° C ( 1 2 0 ° F ) a n d t h e i n l e t p r e s s u r e i s 4 . 3 MPa 

( 6 0 0 p s i ) . A t 100 m o p e r a t i o n w i t h 5 6 , 7 7 5 1 / m i n ( 1 5 , 0 0 0 gpm) f l o w t h e 

d e s i g n e x i t t e m p e r a t u r e and p r e s s u r e a r e 7 5 ° C ( 1 6 7 ° F ) a n d 3 . 6 MPa ( 5 2 5 

p s i ) , r e s p e c t i v e l y . 

Upon l e a v i n g t h e p r e s s u r e v e s s e l , t h e e x i t l i n e p a s s e s t h r o u g h t h e 

p i p e t u n n e l w h e r e i t b r a n c h e s i n t o t h r e e o f f o u r p a r a l l e l h e a d e r s 

l e a d i n g t h e h o t w a t e r t o t h r e e o f f o u r h e a t - e x c h a n g e r c e l l s . T h e 4 9 ° C 

( 1 2 0 ° F ) w a t e r f r o m e a c h h e a t e x c h a n g e r e n t e r s t h e a s s o c i a t e d m a i n c i r -

c u l a t i n g pump. F l o w s f r o m t h e c i r c u l a t i n g pumps r e c o m b i n e i n t h e p i p e 
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F i g . 6 . 1 . P r i m a r y c o o l a n t s y s t e m . 
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t u n n e l and r e t u r n t o t h e r e a c t o r p o o l w h e r e t h e w a t e r p a s s e s t h r o u g h a 

s t r a i n e r b e f o r e e n t e r i n g t h e r e a c t o r v e s s e l . S e n s i n g d e v i c e s f o r 

m e a s u r i n g t e m p e r a t u r e and p r e s s u r e , as w e l l as t h e m a i n V e n t u r i f o r 

m e a s u r i n g f l o w , a r e l o c a t e d i n t h e r e t u r n l i n e w i t h i n t h e p i p e t u n n e l . 

T h e l o c a t i o n of t h e s e d e v i c e s i s shown i n F i g . 6 . 2 . 

A 5 7 7 - 1 / m i n ( 1 5 0 - g p m ) b y p a s s f l o w i s t a k e n f r o m t h e m a i n c o o l a n t 

f l o w s t r e a m a t t h e h e a t e x c h a n g e r e x i t s . T h i s b y p a s s f l o w i s s e n t t o 

t h e p r i m a r y c o o l a n t c l e a n u p s y s t e m w h i c h c o n s i s t s o f a d e a e r a t o r , 

f i l t e r s , and d e m i n a l i z e r . P r i m a r y c o o l a n t p r e s s u r e i s m a i n t a i n e d b y 

p r e s s u r e - c o n t r o l l e d l e t d o w n v a l v e s l o c a t e d i n t h e s e b y p a s s l i n e s a t t h e 

h e a t e x c h a n g e r e x i t . T h e 5 7 7 - 1 / m i n ( L 5 0 - g p m ) r e t u r n f l o w of c l e a n w a t e r 

p a s s e s t h r o u g h t h e p r i m a r y c o o l a n t p r e s s u r i z e r pump and r e t u r n s t o t h e 

m a i n s y s t e m i n t h e p i p e t u n n e l j u s t u p s t r e a m o f t h e m o n i t o r i n g d e v i c e s . 

T h i s r e t u r n f l o w i s a d j u s t e d m a n u a l l y by v a r y i n g t h e p r e s s u r i z e r pump 

s p e e d w i t h a m a g n e t i c c o u p l i n g . The h i g h p r e s s u r e p o r t i o n o f t h e s y s t e m 

i s p r o v i d e d w i t h two r e l i e f v a l v e s : one s e t a t 6 . 7 MPa ( 9 7 5 p s i ) a n d 

one s e t a t 7 . 1 MPa ( 1 0 2 5 p s i ) . B o t h v a l v e s d i s c h a r g e t o t h e p r i m a r y 

c o o l a n t s t o r a g e t a n k . 

I t i s c o n v e n i e n t t o d i v i d e t h e p r i m a r y c o o l a n t s y s t e m i n t o two s u b -

s y s t e m s . T h e p r i m a r y c o o l a n t h i g h - p r e s s u r e s y s t e m , w h i c h has a c a p a c i t y 

o f a p p r o x i m a t e l y 5 2 , 2 3 3 1 ( 1 3 , 8 0 0 g a l ) c o n t a i n s t h e r e a c t o r p r e s s u r e 

v e s s e l , h i g h - p r e s s u r e p i p i n g , p r i m a r y h e a t e x c h a n g e r s , p r e s s u r i z e r pumps, 

and m a i n c o o l i n g pumps. T h e p r i m a r y c o o l a n t l o w - p r e s s u r e s y s t e m , w h i c h 
o 

h a s a c a p a c i t y o f a p p r o x i m a t e l y 2 6 . 5 m J ( 7 0 0 0 g a l ) , c o n t a i n s t h e c l e a n u p 

s y s t e m d e a e r a t o r , f i l t e r s , and d e m i n e r a l i z e r s . T h e s y s t e m s a r e s e p a r a t e d 

by t h e l e t d o w n v a l v e s a n d t h e p r e s s u r i z e r pumps. 
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6 . 2 . 1 P r i m a r y c o o l a n t h i g h p r e s s u r e s y s t e m 

R e a c t o r v e s s e l . T h e r e a c t o r v e s s e l , d e s c r i b e d i n d e t a i l i n a n o t h e r 

s e c t i o n , i s d e s i g n e d t o o p e r a t e a t i n t e r n a l p r e s s u r e s up t o 6 . 9 MPa 

( 1 0 0 0 p s i ) a t t e m p e r a t u r e s b e l o w 9 3 . 3 ° C ( 2 0 0 ° F ) . I t i s f a b r i c a t e d o f 

7 . 3 - c m - t h i c k ( 2 - 7 / 8 - i n . ) c a r b o n s t e e l w i t h 0 . 2 5 - c m - t h i c k ( 1 / 1 0 - i n . ) 

w e l d - o v e r l a i d s t a i n l e s s s t e e l on t h e o u t s i d e and 0 . 3 1 7 - c m - t h i c k 

( 1 / 8 - i n . ) s t a i n l e s s s t e e l c l a d d i n g on t h e i n s i d e . The v e s s e l h e a d i s 

3 5 . 6 cm ( 1 4 i n . ) t h i c k , a l s o o f s t a i n l e s s s t e e l c l a d c a r b o n s t e e l . 

D r i v e c o m p o n e n t s f o r c o n t r o l r o d s and f i s s i o n chambers e n t e r t h r o u g h a 

b o t t o m f l a n g e . V a r i o u s o b l i q u e , v e r t i c a l , and h o r i z o n t a l o p e n i n g s a r e 

p r o v i d e d f o r e x p e r i m e n t i n s t a l l a t i o n . T h e t o p h e a d i n c l u d e s a c e n t r a l 

q u i c k - o p e n i n g h a t c h t h r o u g h w h i c h f u e l e l e m e n t s , t a r g e t s , r e f l e c t o r 

p i e c e s , a n d c o n t r o l r o d s c a n be moved. I n a d d i t i o n , t h e r e a r e numerous 

f l a n g e d o p e n i n g s i n t h e t o p h e a d t o p e r m i t a c c e s s t o t h e v e r t i c a l e x p e r -

i m e n t p o s i t i o n s i n t h e b e r y l l i u m . 

H i g h p r e s s u r e p i p i n g and f i l t e r . H i g h p r e s s u r e s t a i n l e s s s t e e l 

p i p i n g c o n n e c t s t h e r e a c t o r v e s s e l w i t h t h e h e a t e x c h a n g e r s and pumps. 

W a t e r e n t e r s t h e t o p o f t h e r e a c t o r v e s s e l t h r o u g h two d i a m e t r i c a l l y 

o p p o s e d 4 0 . 6 - c m ( 1 6 - i n . ) l i n e s . The o u t l e t f r o m t h e r e a c t o r v e s s e l i s a 

s i n g l e 4 5 . 7 - c m ( 1 8 - i n . ) l i n e w h i c h r u n s f r o m t h e b o t t o m o f t h e t a n k 

t h r o u g h t h e p o o l l i n e r and b i o l o g i c a l s h i e l d t o t h e p i p e t u n n e l . F rom 

t h i s p o i n t , t h e h e a d e r c o n t i n u e s i n t h e t u n n e l t o f e e d t h e f o u r i n d i v i -

d u a l l y c o m p a r t m e n t e d h e a t e x c h a n g e r - p u m p c o m b i n a t i o n s . A 2 5 . 4 - c m 

( 1 0 - i n . ) i n l e t l i n e b r a n c h e s f r o m t h e m a i n h e a d e r t o t h e t u b e s i d e o f 

e a c h h e a t e x c h a n g e r . From t h e h e a t e x c h a n g e r o u t l e t , t h e l i n e c o n t i n u e s 

t o t h e m a i n c i r c u l a t i o n pump a n d r e t u r n s t o a 5 0 . 8 - c m ( 2 0 - i n . ) r e t u r n 

h e a d e r i n t h e p i p e t u n n e l . T h i s 5 G . 8 - c m ( 2 0 - i n . ) r e t u r n h e a d e r r u n s 

p a r a l l e l t o t h e o u t l e t h e a d e r i n t h e p i p e t u n n e l and c o n t i n u e s i n t o t h e 
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r e a c t o r p o o l . H e r e i t p a s s e s t h r o u g h t h e i n l e t f i l t e r , w h i c h c o n t a i n s a 

w i r e mesh b a s k e t w i t h a maximum o p e n i n g o f 0 . 0 9 cm ( 3 6 m i l s ) , b e f o r e 

b r a n c h i n g i n t o t h e two 4 0 . 6 - c m ( 1 6 - i n . ) r e a c t o r i n l e t l i n e s and e n t e r i n g 

t h e r e a c t o r v e s s e l . T h e g e n e r a l a r r a n g e m e n t i s shown i n F i g s . 6 . 3 , 6 . 4 , 

and 6 . 5 . 

H e a t e x c h a n g e r . T h e p r i m a r y h e a t e x c h a n g e r s a r e o f t h e s h e l l and 

U—tube t y p e , m o u n t e d v e r t i c a l l y , and d e s i g n e d t o p e r m i t t u b e - b u n d l e 

r e m o v a l . E a c h h e a t e x c h a n g e r , t o g e t h e r w i t h i t s a s s o c i a t e d c i r c u l a t i o n 

pump and l e t d o w n v a l v e , i s l o c a t e d i n a n i n d i v i d u a l l y s h i e l d e d 

c o m p a r t m e n t . E a c h h e a t e x c h a n g e r i s d e s i g n e d t o t r a n s f e r 3 4 . 3 MW 

( a p p r o x i m a t e l y 117 m i l l i o n B t u / h r ) f r o m t h e p r i m a r y c o o l i n g l o o p t o t h e 

s e c o n d a r y c o o l i n g l o o p . T h u s , o n l y t h r e e h e a t e x c h a n g e r - p u m p c o m b i n a -

t i o n s a r e r e q u i r e d f o r f u l l power o p e r a t i o n . The n o m i n a l d e s i g n f l o w 

r a t e s a r e 1 1 , 9 2 5 1 / m ( 5 0 0 0 gpm) a t 7 5 ° C ( 1 6 7 ° F ) i n t h e p r i m a r y s y s t e m 

and 2 6 , 4 9 5 1 / m ( 7 0 0 0 gpm) a t 2 9 . 4 ° C ( 8 5 ° F ) i n t h e s e c o n d a r y s y s t e m . 

T h e h e a t e x c h a n g e r s a r e a p p r o x i m a t e l y 1 0 . 4 m ( a p p r o x i m a t e l y 34 f t ) 

l o n g and c o n t a i n 1 , 1 9 0 U - t u b e s , e a c h 1 . 5 9 cm ( 5 / 8 i n . ) i n d i a m e t e r . T h e 

t u b e s i d e i s d e s i g n e d t o o p e r a t e a t up t o 6 . 9 MPa ( 1 , 0 0 0 p s i ) a t 9 3 . 3 ° C 

( 2 0 0 ° F ) , and t h e s h e l l s i d e i s d e s i g n e d f o r 1 . 0 3 MPa ( 1 5 0 p s i ) a t t h e 

same t e m p e r a t u r e . T h e t u b e b u n d l e s can be removed by t h e r e a c t o r b a y 

c r a n e t h r o u g h n o r m a l l y p l u g g e d and s h i e l d e d h a t c h e s i n t h e t o p o f t h e 

h e a t e x c h a n g e r c e l l ( r e a c t o r bay f l o o r ) . T h e h e a t e x c h a n g e r s u p p o r t 

c h a n n e l i s a t t h e 2 5 1 . 7 - m ( 8 2 6 - f t ) l e v e l w i t h t h e r e m a i n d e r o f t h e h e a t 

e x c h a n g e r e x t e n d i n g i n t o t h e p i t t o t h e 2 4 2 . 6 - m ( 7 9 6 - f t ) e l e v a t i o n . A l l 

p r i m a r y c o o l a n t s y s t e m v a l v e s a r e l o c a t e d i n t h e h e a t e x c h a n g e r c e l l s . 

E a c h h e a t e x c h a n g e r - p u m p c o m b i n a t i o n c a n be I s o l a t e d f r o m t h e s y s t e m by 

m o t o r i z e d v a l v e s on t h e h e a t - e x c h a n g e r i n l e t and pump d i s c h a r g e l i n e s . 



•3 

PRIMARY C O O L A N T -
P U M P 

- C O N T R O L WING 

C L E A N U P S Y S T E M 
C E L L S 

C O N T R O L ROD 
D R I V E S 

PRIMARY C O O L A N T 
H E A T E X C H A N G E R 

S E C T I 0 N 
MM RUN IMNN MACTOR NMTH-TOUM MCTMM 

F i g . 6 , 3 . P r i m a r y c o o l a n t s y s t e m c o m p o n e n t s . 



F i g . 6 . 4 . P r i m a r y c o o l a n t - s c h e m a t i c f l o w d i a g r a m . 
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F i g . 6 . 5 . R e a c t o r s h i e l d , h e a t e x c h a n g e r c e l l s , and p o o l s t r u c t u r e s -
h o r i z o n t a l s e c t i o n . 
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P e r s o n n e l may e n t e r t h e c e l l c o n t a i n i n g t h e i s o l a t e d u n i t w h i l e t h e 

r e a c t o r i s a t p o w e r . A c c e s s t o t h e c e l l s i s f r o m t h e f i r s t f l o o r o f t h e 

w a t e r w i n g . 

C i r c u l a t i n g pumps. T h e v e r t i c a l c e n t r i f u g a l p r i m a r y c o o l a n t pumps, 

F i g . 6 . 6 , t a k e t h e i r s u c t i o n f r o m t h e i n d i v i d u a l h e a t e x c h a n g e r s . E a c h 

pump i s l o c a t e d i n t h e same c e l l as i t s a s s o c i a t e d h e a t e x c h a n g e r . The 

h a t c h e s i n t h e r e a c t o r bay f l o o r p e r m i t pump r e m o v a l by t h e r e a c t o r bay 

c r a n e . E a c h m a i n pump, P U - 1 A , - I B , - 1 C , a n d - I D , w i l l d e l i v e r a t l e a s t 

1 8 , 9 2 5 1 /m ( 5 , 0 0 0 gpm) a g a i n s t a 111 -m ( 3 6 5 - f t ) h e a d of w a t e r when t h r e e 

pumps a r e o p e r a t e d i n p a r a l l e l . T h e y a r e d r i v e n by 2 3 0 0 V , a c , 6 0 0 hp 

s q u i r r e l cage i n d u c t i o n m o t o r s c o u p l e d t o t h e pump s h a f t . 

D i r e c t l y c o u p l e d t o e a c h ac m o t o r s h a f t i s an a u x i l i a r y 3 - h p , s e r i e s 

w o u n d , dc m o t o r c a l l e d a "pony m o t o r . " T h e s e m o t o r s a r e s u p p l i e d w i t h 

1 2 0 - V power f r o m a f a i l u r e - f r e e s y s t e m ( s e e S e c t i o n 1 0 . 8 ) a n d e a c h one 

i s c a p a b l e o f s u p p l y i n g a t l e a s t 4 9 2 1 1 / m ( 1 3 0 0 gpm) t o t h e r e a c t o r . 

S h a f t s e a l s f o r t h e pumps a r e l i m i t e d l e a k a g e m e c h a n i c a l t y p e . C u r v e s 

s h o w i n g t h e pump c h a r a c t e r i s t i c s a r e g i v e n i n F i g . 6 . 7 . 

I n n o r m a l o p e r a t i o n b o t h t h e m a i n ac m o t o r and t h e pony m o t o r a r e 

e n e r g i z e d and s u p p l y t o r q u e t o t h e pump r o t o r . B e c a u s e o n l y t h r e e m a i n 

pumps a r e n o r m a l l y r e q u i r e d a t f u l l p o w e r , a s e l e c t o r s w i t c h i n t h e 

c o n t r o l room i s p r o v i d e d t o p e r m i t s e l e c t i o n o f t h e s p a r e a c m o t o r w h i c h 

i s n o t t o be i n c l u d e d i n t h e a u t o m a t i c s t a r t u p s e q u e n c e . The c o r r e s p o n d -

i n g pony m o t o r must be l o c k e d o u t by means o f a m a n u a l c i r c u i t b r e a k e r . 

T h e ma in pump m o t o r " S t a r t - S t o p " p u s h b u t t o n s and r u n n i n g l i g h t s a r e 

l o c a t e d i n t h e c o n t r o l room and a " S t o p " p u s h b u t t o n I s l o c a t e d i n e a c h 

o f t h e pump c e l l s . T h e m a i n pump m o t o r s a r e a u t o m a t i c a l l y s t o p p e d by 

a n y one o f t h e f o l l o w i n g c o n d i t i o n s : 
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O B N I - D W G 6 3 2 5 0 2 

F i g . 6 . 6 . P r i m a r y c o o l a n t pump m o t o r s . 
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Fig. 6.7. Characteristic curves for primary coolant pumps. 
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1 . o v e r l o a d ( r e l a y must be hand r e s e t t o s t a r t ) , 

2 . g r o u n d f a u l t ( r e l a y must be hand r e s e t t o s t a r t ) , 

3 . o p e n i n g o f t h e d o o r t o t h e 2 4 0 0 - V m o t o r s t a r t e r , 

4 . e x c e s s i v e v i b r a t i o n , 

5 . l o w p r e s s u r e i n t h e p r i m a r y l o o p , o r 

6 . l o s s o f n o r m a l 2 . 4 - k V p o w e r . 

W h e n e v e r a m a i n c i r c u l a t i n g pump i s on t h e l i n e , t h e a s s o c i a t e d pony 

m o t o r s h o u l d be e n e r g i z e d . T h e pony m o t o r may be s h u t down o n l y by 

o p e n i n g a s a f e t y s w i t c h l o c a t e d i n t h e b a t t e r y room. An ammeter i n t h e 

m e t e r i n g c a b i n e t i n d i c a t e s c u r r e n t s u p p l i e d t o , o r t a k e n f r o m , t h e b a t -

t e r y b a n k . T h e dc pony m o t o r a l s o has a s h u n t f i e l d w h i c h p e r m i t s a 

t e s t a t f u l l l o a d c u r r e n t w i t h t h e ma in motor i n o p e r a t i o n . The t e s t 

p u s h b u t t o n w h i c h e n e r g i z e s t h e shunt f i e l d i s l o c a t e d i n t h e c o n t r o l 

r o o m , as i s t h e ammeter i n d i c a t i n g t h e t e s t c u r r e n t . The t e s t c i r c u i t 

i s shown i n F i g . 6 . 8 . T h e t e s t i s p r e v e n t e d on l o s s o f ac power to t h e 

m o t o r . 

A l a r m s a r e r e c e i v e d i n t h e c o n t r o l room s h o u l d any o f t h e f o l l o w i n g 

a b n o r m a l c o n d i t i o n s e x i s t a t t h e p r i m a r y c o o l a n t pumps: 

1 . w i n d i n g t e m p e r a t u r e h i g h e r t h a n n o r m a l , 

2 . w i n d i n g t e m p e r a t u r e a p p r o a c h i n g i n s u l a t i o n damage p o i n t , 

3 . e x c e s s i v e v i b r a t i o n , 

4 . h i g h m o t o r - b e a r i n g t e m p e r a t u r e , 

5 . c h a r g e r f a i l u r e o r dc g r o u n d i n b a t t e r y c h a r g e r , 

6 . a b n o r m a l l y h i g h c u r r e n t t o t h e pony m o t o r s e r i e s f i e l d , 

7 . a b n o r m a l l y low c u r r e n t t o t h e pony m o t o r s e r i e s f i e l d , and 

8 . a b n o r m a l w a t e r f l o w o r p r e s s u r e to t h e m e c h a n i c a l s e a l s . 

P r e s s u r i z e r pumps. The two ma in p r e s s u r i z e r pumps, PU-4A and - 4 B , 

a r e 9 - s t a g e h o r i z o n t a l c e n t r i f u g a l pumps. A v a r i a b l e s p e e d d r i v e 
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F i g . 6 . 8 . P r i m a r y c o o l a n t pump m o t o r t e s t c i r c u i t s . 
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e n a b l e s e a c h pump t o d e l i v e r up t o 1136 1 / m ( 3 0 0 gpm) a t p r e s s u r e s up t o 

6 . 9 MPa ( 1 0 0 0 p s i ) . T h e c h a r a c t e r i s t i c s o f t h e s e pumps a r e shown i n 

F i g . 6 . 9 . A s m a l l 3 3 - g p m s i n g l e - s t a g e v e r t i c a l c e n t r i f u g a l pump o p e r a t e d 

b y t h e n o r m a l - e m e r g e n c y power s u p p l y , m a i n t a i n s p r i m a r y l o o p p r e s s u r e and 

c i r c u l a t i n g pump s e a l i n j e c t i o n w a t e r f l o w d u r i n g a f a i l u r e o f t h e n o r m a l 

p o w e r . The p r e s s u r i z e r pumps a r e l o c a t e d on t h e g r o u n d f l o o r o f t h e 

w a t e r w i n g . T h e y t a k e w a t e r f r o m t h e p r i m a r y w a t e r head t a n k ( s e e 

S e c t i o n 6 . 2 . 2 ) and d i s c h a r g e i n t o t h e h i g h p r e s s u r e s y s t e m b e t w e e n t h e 

m a i n c i r c u l a t i o n pumps and t h e i n l e t t o t h e r e a c t o r v e s s e l . 

The f l o w r a t e o f w a t e r b y p a s s e d i n t o t h e l o w p r e s s u r e c l e a n u p s y s t e m 

i s d e t e r m i n e d by t h e s p e e d o f t h e p r e s s u r i z e r pumps. The s e t p o i n t o f t h e 

p r e s s u r e - c o n t r o l l e d l e t d o w n v a l v e s c o n t r o l s t h e p r e s s u r e i n t h e p r i m a r y 

s y s t e m . T h e p r e s s u r i z e r pump v a r i a b l e s p e e d u n i t c o n s i s t s o f a 2 3 0 0 - V , 

3 0 0 - h p s q u i r r e l - c a g e i n d u c t i o n m o t o r and an "eddy c u r r e n t " c o u p l i n g . A 

s e l e c t o r s w i t c h i n t h e c o n t r o l room p e r m i t s t h e s e l e c t i o n o f a p r e s s u r -

i z e r pump t o be s t a r t e d i n t h e " a u t o m a t i c - s e q u e n c e " mode. E a c h pump has 

a s p r i n g r e t u r n " S t o p - N e u t r a l - S t a r t " s e l e c t o r s w i t c h , a " S t a n d b y " p u s h -

b u t t o n , and a r u n n i n g l i g h t i n t h e c o n t r o l room. I n n o r m a l o p e r a t i o n 

o n e pump i s r u n n i n g w h i l e t h e o t h e r i s i n s t a n d b y . T h e s t a n d b y pump 

w i l l a u t o m a t i c a l l y s t a r t upon an a b n o r m a l r e d u c t i o n o f p r i m a r y c o o l a n t 

s y s t e m p r e s s u r e . T h e p r e s s u r i z e r pumps a r e a u t o m a t i c a l l y s t o p p e d b y t h e 

f o l l o w i n g c o n d i t i o n s : 

1 . o v e r l o a d ( r e l a y m u s t be hand r e s e t t o s t a r t ) , 

2 . g r o u n d f a u l t ( r e l a y must be h a n d r e s e t t o s t a r t ) , 

3 . o p e n i n g o f t h e d o o r t o t h e 2 4 0 0 - V m o t o r s t a r t e r , 

4 . l o w c o o l a n t p r e s s u r e 5 1 . 7 kPa ( 7 . 5 p s i g ) t o t h e v a r i a b l e s p e e d 
c o u p l i n g u n i t , 

5 . l o s s o f v o l t a g e , 
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F L O W ( g p m ) 

F i g . 6 . 9 . C h a r a c t e r i s t i c c u r v e s f o r m a i n p r e s s u r e pump. 
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6 . l o w s u c t i o n head p r e s s u r e ( a f t e r a 5 - s t i m e d e l a y ) , a n d 

7 . h i g h d i s c h a r g e t e m p e r a t u r e 6 5 . 5 ° C ( 1 5 0 ° F ) a n d p r e s s u r e 5 . 8 6 MPa 
( 8 5 0 p s i g ) . 

T h e e d d y - c u r r e n t c o u p l i n g v a r i a b l e s p e e d d r i v e u n i t s a r e a u t o m a t i -

c a l l y s t a r t e d and s t o p p e d w h e n e v e r t h e c o r r e s p o n d i n g d r i v e m o t o r i s 

s t a r t e d and s t o p p e d . E a c h u n i t i s p r o v i d e d w i t h a m a n u a l l y o p e r a t e d 

p o t e n t i o m e t e r and a s p e e d i n d i c a t o r ; b o t h a r e l o c a t e d i n t h e c o n t r o l 

r o o m . 

T h e e m e r g e n c y p r e s s u r i z e r pump has a l o c a l l y m o u n t e d " R u n - O f f - A u t o " 

s w i t c h t o p e r m i t s e l e c t i o n o f t h e mode o f o p e r a t i o n . I n t h e a u t o m a t i c 

mode t h e pump i s a u t o m a t i c a l l y s t a r t e d by e i t h e r a l o w - f l o w s e n s i n g e l e -

ment i n t h e d i s c h a r g e l i n e o f t h e ma in p r e s s u r i z e r pumps o r by a n a u x i -

l i a r y c o n t a c t i n n o r m a l - e m e r g e n c y s w i t c h g e a r u n i t N o . 1 d u r i n g a f a i l u r e 

o f n o r m a l p o w e r . The pump, once s t a r t e d , w i l l c o n t i n u e t o r u n u n t i l 

m a n u a l l y s t o p p e d . R u n n i n g l i g h t s f o r t h e pump a r e l o c a t e d a t t h e l o c a l 

" R u n - O f f - A u t o " s w i t c h and a t a "Remote C o n t r o l - O f f " s e l e c t o r s w i t c h i n 

t h e c o n t r o l r o o m . The "Remote C o n t r o l - O f f " s w i t c h p e r m i t s t h e pumps t o 

be s h u t down f r o m t h e c o n t r o l room. When e i t h e r t h e "Remote C o n t r o l - O f f " 

s w i t c h or t h e " R u n - O f f - A u t o " s w i t c h i s i n t h e " O f f " p o s i t i o n , an a l a r m 

i s sounded i n t h e c o n t r o l r o o m . 

6 . 2 . 2 P r i m a r y c o o l a n t l o w p r e s s u r e s y s t e m 

T h e low p r e s s u r e p o r t i o n o f t h e p r i m a r y c o o l i n g s y s t e m i s t h e p r i m a r y 

c l e a n u p s y s t e m and i s s e p a r a t e d f r o m t h e h i g h p r e s s u r e c o o l i n g l o o p by 

t h e l e t d o w n v a l v e s and t h e p r e s s u r i z e r pumps. T h i s s y s t e m c o n t a i n s t h e 

f o l l o w i n g e q u i m e n t : d e a e r a t o r , pumps, p r e f i l t e r s , d e m i n e r a l i z e r s , a f t e r -

f i l t e r s , and p r i m a r y c o o l a n t h e a d t a n k w i t h i n t e r c o n n e c t i n g p i p i n g . The 

f l o w s c h e m a t i c i s shown i n F i g s . 6 . 1 0 and 6 . 1 1 , w i t h t h e a r r a n g e m e n t o f 

t h i s e q u i p m e n t , w h i c h i s l o c a t e d i n t h e w a t e r w i n g , shown i n F i g . , 6 . 1 2 . 
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Fig. 6.10. Primary coolant cleanup system. 



F i g . 6 . 1 1 . P r i m a r y c o o l a n t c l e a n u p - s c h e m a t i c f l o w d i a g r a m . 
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F i g . 6 . 1 2 . P r i m a r y c o o l a n t c l e a n u p e q u i p m e n t a r r a n g e m e n t . 
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D e s c r i p t i o n o f f l o w i n l o w p r e s s u r e s y s t e m . P r i m a r y c o o l a n t d i s -

c h a r g e d t h r o u g h t h e l e t d o w n v a l v e s i s s e n t t h r o u g h t h e p r i m a r y c o o l a n t 

c l e a n u p s y s t e m b e f o r e b e i n g r e t u r n e d t o t h e h i g h p r e s s u r e s y s t e m by t h e 

p r e s s u r i z e r pumps. The maximum d e s i g n f l o w r a t e t h r o u g h t h e c l e a n u p 

s y s t e m i s 757 1 / m ( 2 0 0 g p m ) . T h e f l o w r a t e i s c o n t r o l l e d by v a r y i n g t h e 

p r e s s u r i z e r pump s p e e d . T h e f l o w f r o m t h e l e t d o w n v a l v e s i s j o i n e d by 

s m a l l f l o w s o f p r i m a r y c o o l a n t f r o m t h e p r i m a r y c i r c u l a t i o n pump s e a l s 

and t h e r e a c t o r t a n k t o p v e n t ( t o remove t r a p p e d g a s e s ) . T h e c o m p o s i t e 

o f t h e s e f l o w s p a s s e s t h r o u g h a 1 4 . 6 - m ( 4 8 - f t ) s e c t i o n o f 3 0 . 5 - c m - d i a m 

( 1 2 - i n . ) p i p e l o c a t e d i n t h e p i p e t u n n e l . A t a f l o w o f 757 1 / m ( 2 0 0 

g p m ) , t h i s p r o v i d e s a p p r o x i m a t e l y 90 s f o r t h e d e c a y o f N ^ b e f o r e t h e 

w a t e r l e a v e s t h e p i p e t u n n e l . From t h e N ^ d e c a y l i n e , t h e w a t e r e n t e r s 

t h e p r i m a r y c o o l a n t d e a e r a t o r . H e r e most o f t h e d i s s o l v e d gases a r e 

r e m o v e d and s e n t to t h e c l o s e d h o t o f f - g a s s y s t e m . T h e d e a e r a t o r a l s o 

s e r v e s as a s u r g e t a n k t o h a n d l e changes i n t h e l e t d o w n f l o w r a t e . 

One o f two 757 1 / m ( 2 0 0 - g p m ) c e n t r i f u g a l pumps, PU-2A and - 2 B , pumps 

w a t e r f r o m t h e d e a e r a t o r t h r o u g h t h e r e m a i n d e r o f t h e c l e a n u p s y s t e m t o 

t h e p r i m a r y c o o l a n t h e a d t a n k . A f l o w c o n t r o l v a l v e t h r o t t l e s t h e f l o w 

f r o m t h e s e c l e a n u p pumps t o m a i n t a i n a c o n s t a n t l e v e l i n t h e d e a e r a t o r . 

T h e c l e a n u p f l o w p a s s e s t h r o u g h one o f t h e two p r e f i l t e r s i n t o one o f 

t h e two d e m i n e r a l i z e r s y s t e m s . T h e s e s y s t e m s a r e i d e n t i c a l ; e a c h c o n -

s i s t s o f a c a t i o n bed f o l l o w e d by an a n i o n b e d . T h e common d i s c h a r g e 

l i n e f r o m t h e d e m i n e r a l i z e r s p a s s e s t h r o u g h two a f t e r f i l t e r s b e f o r e d i s -

c h a r g i n g i n t o t h e p r i m a r y c o o l a n t head t a n k . The a f t e r f i l t e r s l o c a t e d 

i n t h e e x i t l i n e f r o m t h e d e m i n e r a l i z e r s p r e v e n t t h e r e s i n f i n e s f r o m 

e s c a p i n g . 

A l e v e l c o n t r o l v a l v e s u p p l i e s p l a n t d e m i n e r a l i z e d w a t e r t o t h e p r i -

m a r y c o o l a n t head t a n k d u r i n g p r i m a r y c o o l a n t c o o l d o w n o r as r e q u i r e d by 



6-23 

l e a k a g e . The p r i m a r y c o o l a n t h e a d t a n k p r o v i d e s t h e s u c t i o n head f o r 

t h e p r e s s u r i z e r pump. 

D e a e r a t o r . T h e p r i m a r y c o o l a n t d e a e r a t o r , a l s o shown i n F i g . 6 . 1 2 , 

i s d e s i g n e d t o r e d u c e t h e c o n c e n t r a t i o n of d i s s o l v e d g a s e s i n t h e p r i -

m a r y c o o l i n g w a t e r . D u r i n g n o r m a l o p e r a t i o n t h e s e i n c l u d e A , C ^ , I ^ , 

CC^, and t r a c e s o f f i s s i o n g a s e s . I n t h e e v e n t o f a f u e l e l e m e n t m e l t -

down o r l e a k , t h e g a s e o u s f i s s i o n p r o d u c t s a r e r e m o v e d f r o m t h e w a t e r 

and d i s c h a r g e d i n t o t h e c l o s e d h o t o f f - g a s s y s t e m . T h e d e a e r a t o r , w i t h 

i t s a s s o c i a t e d s t e a m j e t s and c o n d e n s e r s , i s l o c a t e d on t h e f i r s t f l o o r 

o f t h e w a t e r w i n g . T h i s e q u i p m e n t i s e n c l o s e d i n a c e l l s h i e l d e d by 

9 1 . 4 cm ( 3 f t ) o f h i g h d e n s i t y c o n c r e t e o r i t s e q u i v a l e n t . I n l e t and 

e x i t p r i m a r y w a t e r l i n e s and o f f - g a s l i n e s a r e a l s o s h i e l d e d . 

P r i m a r y w a t e r e n t e r s t h e d e a e r a t o r t a n k f r o m t h e N ^ d e c a y l i n e 

l o c a t e d i n t h e p i p e t u n n e l . As t h e w a t e r e n t e r s t h e d e a e r a t o r i t f a l l s 

t h r o u g h a bed o f R a s c h i g r i n g s and i s c o l l e c t e d i n t h e b o t t o m o f t h e 

t a n k . T h e p r i m a r y c l e a n u p pumps, P U - 2 A o r B , t a k e t h e i r s u c t i o n f r o m 

t h e b o t t o m o f t h e d e a e r a t o r v e s s e l . A p n e u m a t i c l e v e l s e n s o r t r a n s m i t s 

a d e a e r a t o r v e s s e l l i q u i d l e v e l s i g n a l t o t h e m a i n c o n t r o l room and t o 

t h e f l o w c o n t r o l v a l v e l o c a t e d o n t h e d i s c h a r g e s i d e o f t h e c l e a n u p 

pumps. The pH i s m o n i t o r e d by a c e l l w h i c h r e c e i v e s a s a m p l e f r o m t h e 

common d i s c h a r g e o f t h e s e pumps and r e t u r n s i t t o t h e ILW s y s t e m . W a t e r 

c o n d u c t i v i t y i s a l s o m o n i t o r e d a t t h i s p o i n t . B o t h c o n d u c t i v i t y and pH 

a r e r e c o r d e d i n t h e c o n t r o l r o o m . 

A v a c u u m i s m a i n t a i n e d i n t h e d e a e r a t o r t a n k by a s t e a m - j e t e j e c t o r 

s y s t e m w h i c h c o n s i s t s o f a p r e c o n d e n s e r , h igh—vacuum e j e c t o r , l o w - v a c u u m 

e j e c t o r and an a f t e r c o n d e n s e r . The e v o l v e d g a s e s a r e d i s c h a r g e d t o t h e 

c l o s e d h o t o f f - g a s s y s t e m . The c o n d e n s e r s a r e c o o l e d by s e c o n d a r y 

c o o l a n t . C o n d e n s a t e f r o m b o t h p r e - and a f t e r c o n d e n s e r s i s r e t u r n e d 
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d i r e c t l y t o t h e d e a e r a t o r t a n k . A d e a e r a t o r o v e r f l o w l i n e i s p r o v i d e d 

w h i c h d i s c h a r g e s i n t o t h e i n t e r m e d i a t e l e v e l w a s t e s y s t e m . 

F i l t e r s and d e m i n e r a l i z e r s . The p r i m a r y c o o l a n t f i l t e r s and d e m i -

n e r a l i z e r s a r e d e s i g n e d t o remove p a r t i c u l a t e a n d d i s s o l v e d m a t e r i a l 

f r o m t h e p r i m a r y c o o l a n t . D u r i n g n o r m a l o p e r a t i o n t h e p r e f i l t e r s p r e -

v e n t p a r t i c u l a t e m a t e r i a l f r o m r e a c h i n g t h e d e m i n e r a l i z e r s . T h e a f t e r -

f i l t e r s remove d e m i n e r a l i z e r - r e s i n f i n e s f r o m t h e w a t e r b e f o r e i t i s 

r e t u r n e d t o t h e h i g h p r e s s u r e s y s t e m . The d e m i n e r a l i e r r e s i n s remove 

d i s s o l v e d c o n t a m i n a n t s f r o m t h e w a t e r . I n t h e e v e n t o f a f u e l m e l t d o w n , 

p a r t i c u l a t e and d i s s o l v e d f i s s i o n p r o d u c t s i n t h e w a t e r w i l l be removed 

by t h e f i l t e r s and d e m i n e r a l i z e r s . The p r e f i l t e r s , d e m i n e r a l i z e r u n i t s , 

and a f t e r f i l t e r , shown i n F i g . 6 . 1 3 , a r e l o c a t e d i n a p a i r o f s h i e l d e d 

c e l l s on t h e g r o u n d f l o o r o f t h e w a t e r w i n g . 

E a c h o f t h e two p r e f i l t e r s has a n o m i n a l f l o w c a p a c i t y o f 757 1 / m 

( 2 0 0 gpm) a n d c o n s i s t s o f 2 8 p o r o u s t u b e s , 7 . 0 cm ( 2 3 / 4 i n . ) i n 

d i a m e t e r by 4 9 . 5 cm ( 1 9 1 / 2 i n . ) l o n g , made o f s i n t e r e d s t a i n l e s s s t e e l . 

W a t e r f l o w s f r o m t h e o u t s i d e t o t h e i n s i d e o f t h e t u b e s t h r o u g h 2 0 - m i c r o n 

p o r e o p e n i n g s . T h e s e f i l t e r e l e m e n t s can w i t h s t a n d a p r e s s u r e d r o p o f 

1 . 0 3 MPa ( 1 5 0 p s i ) . A d d i t i o n a l s h i e l d i n g i s p r o v i d e d by 7 . 6 cm ( 3 i n . ) 

o f l e a d a r o u n d t h e f i l t e r s h e l l . B o t h p r e f i l t e r s a r e v e n c e d t o t h e o p e n 

h o t o f f - g a s s y s t e m t h r o u g h b a l l f l o a t t r a p s . E a c h u n i t c a n be o p e r a t e d 

f r o m o u t s i d e t h e s h i e l d e d c e l l s . 

T h e d e m i n e r a l i z e r s y s t e m c o n s i s t s o f two u n i t s i n p a r a l l e l , e a c h 

w i t h a d e s i g n f l o w r a t e o f 3 7 8 1 / m ( 1 0 0 g p m ) . E a c h u n i t c o n s i s t s o f a 

c a t i o n bed and an a n i o n b e d i n s e r i e s . E a c h c a t i o n b e d c o n t a i n s 0 . 9 9 

m ( 3 5 f t 3 ) o f c a t i o n r e s i n i n a v e s s e l 1 . 2 m ( 4 f t ) i n d i a m e t e r by 

1 . 8 m ( 6 f t ) h i g h . E a c h a n i o n bed c o n t a i n s 1 . 7 m 3 ( 6 0 f t 3 ) o f a n i o n 

r e s i n i n a s i m i l a r v e s s e l 1 . 5 2 m ( 5 f t ) i n d i a m e t e r by 1 . 8 m ( 6 f t ) 
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h i g h . Under n o r m a l o p e r a t i n g c o n d i t i o n s , one u n i t i s i n s e r v i c e . Some 

o f t h e c a t i o n e f f l u e n t may be b y p a s s e d a r o u n d t h e a n i o n bed t o a i d i n 

m a i n t a i n i n g a s y s t e m pH o f 5 . 0 + 0 . 1 . A d d i t i o n a l ' l o c a l s h i e l d i n g i s p r o -

v i d e d by 7 . 6 cm ( 3 i n . ^ o f l e a d s u r r o u n d i n g t h e c a t i o n t a n k s . The a n i o n 

t a n k s a r e n o t d i r e c t l y s h i e l d e d . 

T h e a f t e r f i l t e r s , l o c a t e d i n s e r i e s , a r e d e s i g n e d f o r a 7 5 7 - 1 / m ( 2 0 0 -

gpm) f l o w r a t e . T h e f i l t e r e l e m e n t i s 100 mesh s t a i n l e s s s t e e l s c r e e n 

w h i c h has a mean p o r e o p e n i n g o f 120 m i c r o n s . T h e f i l t e r e l e m e n t can 

w i t h s t a n d a maximum p r e s u r e d i f f e r e n t i a l o f 1 . 0 MPa ( 1 5 0 p s i ) , t h e TDH 

o f t h e c l e a n u p pumps. P r e s s u r e d r o p a c r o s s a c l e a n f i l t e r i s 0 . 0 1 MPa 

( 1 . 5 p s i ) a t 757 1 / m ( 2 0 0 gpm) f l o w . The f i r s t a f t e r f i l t e r can be 

o p e r a t e d and c l e a n e d f r o m o u t s i d e t h e s h i e l d e d c e l l . N e i t h e r can be 

b y p a s s e d . 

From t h e a f t e r f i l t e r s t h e c l e a n w a t e r i s s e n t t o t h e p r i m a r y c o o l a n t 

h e a d t a n k w h i c h i s l o c a t e d on t h e f i r s t f l o o r o f t h e w a t e r w i n g . I t i s 

a 9 4 6 3 - 1 ( 2 5 0 0 - g a l ) h o r i z o n t a l l y m o u n t e d s t a i n l e s s s t e e l t a n k 2 . 0 m 

( 6 f t , 6 i n . ) i n d i a m e t e r by 3 . 5 6 m ( 1 1 f t , 8 i n . ) l o n g . 

6 . 2 . 3 P r i m a r y c o o l a n t makeup , f i l l , and d r a i n s y s t e m s 

D u r i n g r o u t i n e o p e r a t i o n a t p r e s s u r e , makeup w a t e r t o r e p l a c e t h a t 

l o s t by l e a k a g e f r o m t h e s y s t e m i s f u r n i s h e d by t h e p l a n t d e m i n e r a l i z e d 

w a t e r pumps, P U - 1 8 A and - 1 8 B . T h i s i s a u t o m a t i c a l l y s u p p l i e d t o t h e 

p r i m a r y c o o l a n t h e a d t a n k t h r o u g h a w a t e r l e v e l c o n t r o l v a l v e . 

S e v e r a l l i n e s a r e a v a i l a b l e t o p e r m i t f i l l i n g , d r a i n i n g , and f l u s h i n g 

t h e s y s t e m a t low p r e s s u r e . A s h i e l d e d 7 5 , 7 0 0 - 1 ( 2 0 , 0 0 0 - g a l ) p r i m a r y 

c o o l a n t s t o r a g e t a n k i s l o c a t e d u n d e r g r o u n d a t t h e n o r t h e a s t c o r n e r o f 

t h e b u i l d i n g . W a t e r f r o m t h e p r i m a r y c o o l a n t s y s t e m c a n be s e n t 

d i r e c t l y t o t h i s t a n k o r can be r o u t e d t h r o u g h t h e p r i m a r y c o o l a n t 



6-27 

d e m i n e r a l i z e r s by means o f a 5 . 1 - c m ( 2 - i n . ) l i n e w h i c h b y p a s s e s t h e p r e s -

s u r e l e t d o w n v a l v e s and d e a e r a t o r . A 7 . 6 - c m ( 3 - i n . ) l i n e c o n n e c t s t h e 

d i s c h a r g e o f t h e p r i m a r y c o o l a n t a f t e r f i l t e r t o t h e d i s c h a r g e l i n e o f t h e 

p r e s s u r i z e r pumps, t h u s p e r m i t t i n g t h e p r i m a r y c o o l a n t c l e a n u p pumps t o 

s e n d w a t e r t o t h e p r i m a r y c o o l a n t s y s t e m . T h u s , i t i s n o t n e c e s s a r y t o 

u s e t h e l a r g e p r e s s u r i z e r pumps t o c i r c u l a t e p r i m a r y c o o l a n t t h r o u g h t h e 

f i l t e r s and d e m i n e r a l i z e r s w h i l e t h e r e a c t o r i s d e p r e s s u r i z e a . A s c h e -

m a t i c d i a g r a m o f t h e f i l l - a n d - d r a i n l i n e s i s shown i n F i g . 6 . 1 4 . 

T h e r o o f t o p o f t h e u n d e r g r o u n d w a t e r s t o r a g e t a n k i s a t g r a d e l e v e l . 

I t s w a l l s , f l o o r , and r o o f a r e o f 3 5 . 6 - c m - t h i c k ( 1 4 - i n . ) c o n c r e t e . The 

i n s i d e i s l i n e d w i t h p l a s t i c s h e e t s bonded t o g e t h e r t o f o r m a w a t e r t i g h t 

s h e l l . A 1 0 . 2 - c m ( 4 - i n . ) l i n e e x i t s f r o m t h e b o t t o m o f t h e s t o r a g e 

t a n k , e n t e r s t h e e a s t s i d e o f t h e w a t e r w i n g , and l e a d s t o t h e p r i m a r y 

c o o l a n t c l e a n u p pumps. T h e t r a n s f e r l i n e c a n be v a l v e d i n t o e i t h e r t h e 

s u c t i o n o r d i s c h a r g e o f e i t h e r o r b o t h o f t h e s e pumps t o t r a n s f e r w a t e r 

t o and f r o m t h e u n d e r g r o u n d s t o r a g e t a n k . 

T h e s t o r a g e t a n k i s v e n t e d t o t h e SBHE s y s t e m . 

6 . 2 . 4 pH c o n t r o l s y s t e m 

An a u t o m a t i c pH c o n t r o l s y s t e m m a i n t a i n s t h e p r i m a r y c o o l a n t a t a pH 

o f 5 . 0 + 0 . 1 . T h e pH o f t h e p r e s s u r i z e r pump d i s c h a r g e f l o w , w h i c h i s 

i n j e c t e d i n t o t h e p r i m a r y s y s t e m , i s c o n t r o l l e d by an a u t o m a t i c a d d i t i o n 

o f 5% H N 0 3 t o t h e p r i m a r y h e a d t a n k . T h e 5% a c i d i s m i x e d i n t h e a c i d 

d a y t a n k and pumped i n t o t h e h e a d t a n k by a s m a l l ( 5 0 cc p e r h o u r ) chem-

i c a l f e e d pump. T h e pH o f p r e s s u r i z e r pump e f f l u e n t w a t e r i s a d j u s t e d 

a s r e q u i r e d t o m a i n t a i n t h e p r i m a r y c o o l a n t s y s t e m a t a pH o f 5 . 0 . 
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6 . 3 S e c o n d a r y C o o l a n t S y s t e m 

6 . 3 . 1 I n t r o d u c t i o n 

H e a t f r o m t h e H F I R c o m p l e x i s d i s s i p a t e d t o t h e a t m o s p h e r e by a 

c o n v e n t i o n a l i n d u c e d - d r a f t c o o l i n g t o w e r . The s e c o n d a r y c o o l a n t pumps 

c i r c u l a t e w a t e r t h r o u g h t h e c o o l i n g t o w e r and t h e v a r i o u s h e a t e x c h a n g e r s 

t h u s r e m o v i n g h e a t f r o m t h e d i f f e r e n t s y s t e m s . Of t h e n o m i n a l 9 8 , 4 1 0 1 / m 

( 2 6 , 0 0 0 gpm) c i r c u l a t e d i n t h e s y s t e m , a maximum 7 3 , 8 0 8 1 / m ( 1 9 , 5 0 0 gpm) 

p a s s e s t h r o u g h t h e t h r e e p r i m a r y c o o l a n t h e a t e x c h a n g e r s , 1 2 , 1 1 2 1 / m 

( a p p r o x i m a t e l y 3 2 0 0 gpm) t h r o u g h t h e a u x i l i a r i e s i n t h e w a t e r w i n g , and 

6 8 1 3 1 / m ( a p p r o x i m a t e l y 1 8 0 0 gpm) goes t o t h e a d j a c e n t T r a n s u r a n i u m 

P r o c e s s i n g F a c i l i t y ( T R U ) . T h e s e c o n d a r y c o o l a n t s y s t e m i s shown i n 

F i g s . 6 . 1 5 a n d 6 . 1 6 . 

6 . 3 . 2 C o o l i n g t o w e r 

T h e c o o l i n g t o w e r i s a f o u r - c e l l i n d u c e d - d r a f t t o w e r l o c a t e d s o u t h -

e a s t o f t h e r e a c t o r b u i l d i n g . I t i s d e s i g n e d t o t r a n s f e r 111 MW ( 3 8 0 

m i l l i o n B t u / h ) by c o o l i n g 9 8 4 1 0 1 / m ( 2 6 , 0 0 0 gpm) o f 4 6 ° C ( 1 1 5 ° F ) w a t e r t o 

2 9 ° C ( 8 5 ° F ) a t an a m b i e n t w e t b u l b t e m p e r a t u r e o f 2 5 ° C ( 7 7 ° F ) . Of t h i s 

t o t a l h e a t t r a n s f e r e d , 1 0 2 . 5 MW ( 3 5 0 m i l l i o n B t u / h ) i s s u p p l i e d by t h e 

p r i m a r y c o o l a n t , 2 . 9 MW ( 1 0 m i l l i o n ) by t h e p o o l c o o l a n t , 2 . 3 MW ( 8 

m i l l i o n ) by t h e a i r - c o n d i t i o n i n g s y s t e m , 0 . 8 8 MW ( 3 m i l l i o n ) by o t h e r 

l o a d s , and 1 . 2 MW ( 4 m i l l i o n ) i s r e s e r v e d f o r f u t u r e o p e r a t i o n s . The 

c o o l i n g t o w e r i s composed o f f o u r i n d i v i d u a l c e l l s mounted as one u n i t 

o v e r a c o n c r e t e b a s i n a p p r o x i m a t e l y 3 6 . 6 m ( 1 2 0 f t ) l o n g by 16 m ( 5 4 

f t ) w i d e . T h e b a s i n i s d i v i d e d i n t o f o u r s e p a r a t e c o m p a r t m e n t s , e a c h 

w i t h a c a p a c i t y o f 3 7 8 , 5 0 0 1 ( 1 0 0 , 0 0 0 g a l ) . E a c h c o m p a r t m e n t c a n be 

d r a i n e d and c l e a n e d i n d i v i d u a l l y w h i l e t h e r e s t o f t h e t o w e r I s o p e r a -

t i n g . P o t a b l e w a t e r i s s u p p l i e d t o t h e t o w e r b a s i n t h r o u g h a l e v e l 

c o n t r o l v a l v e t o make up f o r e v a p o r a t i o n , d r i f t l o s s , and b l o w d o w n . 



Fig. 6.15. Secondary coolant equipment arrangement. 



Fig. 6.16, Secondary coolant - schematic flow diagram. 
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6 . 3 . 3 C o o l i n g t o w e r f a n s 

E a c h c e l l i s e q u i p p e d w i t h two 5 0 - h p two s p e e d f a n s w h i c h can be 

r e v e r s e d f o r d e i c i n g t h e t o w e r . O p e r a t i o n o f t h e c o o l i n g t o w e r f a n s i s 

c o n t r o l l e d by a " R u n - O f f - A u t o " mode s w i t c h on t h e c o n t r o l room p r o c e s s 

p a n e l b o a r d . When i n t h e r u n mode, e a c h f a n i s c o n t r o l l e d by a t h r e e -

u n i t p u s h b u t t o n s t a t i o n l o c a t e d i n t h e c o n t r o l r o o m . T h i s s t a t i o n p r o -

v i d e s a l t e r n a t e l y f o r : 

1 . f a s t s p e e d - f o r w a r d d i r e c t i o n , 

2 . s l o w s p e e d — f o r w a r d d i r e c t i o n , and 

3 . s l o w s p e e d - r e v e r s e d i r e c t i o n . 

A t i m e - d e l a y r e l a y p r o v i d e s f o r a u t o m a t i c d e c e l e r a t i v i when t r a n s -

f e r r i n g f r o m f a s t t o s l o w s p e e d o r r e v e r s e o r f r o m r e v e r s e t o f o r w a r d . 

M e c h a n i c a l i n t e r l o c k s p e r m i t o n l y one s t a r t e r c o i l t o be e n e r g i z e d a t a 

t i m e . I n d i c a t i n g l i g h t s d e s i g n a t i n g t h e d i f f e r e n t speeds a r e l o c a t e d on 

t h e p r o c e s s p a n e l i n t h e c o n t r o l r o o m . 

I n t h e a u t o m a t i c mode, t h e f a n s p e e d i s c o n t r o l l e d by a t e m p e r a t u r e 

c o n t r o l l e r t h r o u g h e i g h t d u a l s w i t c h e s . E a c h o f t h e s e s w i t c h e s o p e r a t e s 

two t i m e - d e l a y r e l a y s , one f o r f a s t f o r w a r d s p e e d , t h e o t h e r f o r s l o w 

f o r w a r d s p e e d . T h e t i m e - d e l a y r e l a y s a r e a d j u s t a b l e and p e r f o r m t h e 

f o l l o w i n g f u n c t i o n s : 

1 . The p r o v i s i o n o f d i f f e r e n t t i m e s e t t i n g s f o r t h e r e l a y s a l l o w s 

t h e l o a d t o be added t o t h e m o t o r c o n t r o l c e n t e r i n a s t e p p e d 

s e q u e n c e . T h i s l i m i t s t h e v o l t a g e d r o p t o p e r m i s s i b l e l e v e l s 

when v o l t a g e i s r e s t o r e d u n d e r maximum c o o l i n g r e q u i r e m e n t s 

f o l l o w i n g a power o u t a g e . 

2 . The r e l a y s p e r m i t t h e u s e o f l o w v o l t a g e s w i t c h e s t o o p e r a t e 

t h e h i g h v o l t a g e f a n s t a r t e r s . 
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I n t h e a u t o m a t i c mode, t h e f a n s w i l l a u t o m a t i c a l l y r e s t a r t a f t e r a 

p o w e r f a i l u r e . A t y p i c a l r e s p o n s e t o a n a u t o m a t i c s t a r t u p i s shown i n 

F i g . 6 . 1 7 . I n t h e r u n mode, t h e f a n s m u s t be r e s t a r t e d m a n u a l l y f o l l o w -

i n g a power f a i l u r e . A l l t h e f a n s a r e a u t o m a t i c a l l y s h u t down by a f i r e 

a l a r m f r o m t h e c o o l i n g t o w e r b u t c a n be r e s t a r t e d i f t h e r e i s no f i r e . 

A v i b r a t i o n s w i t c h n e a r e a c h f a n s h u t s down o n l y t h e a f f e c t e d f a n . 

T h e s e d e v i c e s m u s t be m a n u a l l y r e s e t b e f o r e t h e f a n s can be r e s t a r t e d . 

6 . 3 . 4 W a t e r t r e a t m e n t 

T h e b lowdown and c h e m i c a l t r e a t m e n t o f t h e s e c o n d a r y c o o l a n t s y s t e m 

i s d e s i g n e d t o i n h i b i t c o r r o s i o n , s c a l e f o r m a t i o n , a n d m i c r o b i o l o g i c a l 

g r o w t h . The w a t e r i n t h e s e c o n d a r y c o o l i n g l o o p i s c h e m i c a l l y t r e a t e d 

a s f o l l o w s : 

1 . a u t o m a t i c a l l y r e g u l a t e d a d d i t i o n o f l ^ S O ^ t o c o n t r o l p H , 

2 . a u t o m a t i c a d d i t i o n o f p h o s p h a t e c h e m i c a l s t o i n h i b i t c o r r o s i o n , 
and 

3 . m a n u a l a d d i t i o n o f n o n o x i d i z i n g b i o c i d e s t o c o n t r o l a l g a e . 

T h e a c i d - i n j e c t i o n s y s t e m c o n s i s t s o f an 1 8 , 9 2 5 - 1 ( 5 0 0 0 - g a l ) l ^ S O ^ 

s t o r a g e t a n k , two p r o p o r t i o n a t i n g c h e m i c a l f e e d pumps, an a c i d - w a t e r 

m i x e r , and an i n s t r u m e n t a t i o n s y s t e m w h i c h m e a s u r e s pH and c o n t r o l s t h e 

pumps . P h o s p h a t e t r e a t i n g e q u i p m e n t c o n s i s t s o f a s u p p l y t a n k and a 

m a n u a l l y a d j u s t a b l e p r o p o r t i o n a t i n g f e e d pump. 

6 . 3 . 5 S e c o n d a r y c o o l a n t pumps 

T h e t h r e e m a i n s e c o n d a r y c o o l a n t pumps, P U - 6 A , - 6 B , and - 6 C a r e v e r -

t i c a l l y m o u n t e d c e n t r i f u g a l s , a n y two o f w h i c h h a v e a c o m b i n e d c a p a c i t y 

o f 9 8 , 4 1 0 1 / m ( 2 6 , 0 0 0 g p m ) . The c h a r a c t e r i s t i c s o f t h e s e pumps a r e 

shown i n F i g . 6 . 1 8 . A s m a l l e r f o u r t h pump, P U - 1 4 , has a c a p a c i t y o f 
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Fig. 6.17. Typical secondary coolant temperature response following 
startup. 
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F i g . 6 . 1 8 . C h a r a c t e r i s t i c c u r v e s f o r s e c o n d a r y c o o l a n t pumps. 
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2 2 , 7 1 0 1 / m ( 6 0 0 0 g p m ) . I t p r o v i d e s s h u t d o w n a n d e m e r g e n c y w a t e r c i r -

c u l a t i o n . T h e s e pumps a r e mounted i n a s e p a r a t e pump b a s i n a l o n g t h e 

n o r t h s i d e of t h e c o o l i n g t o w e r . The pump b a s i n i s f e d by a f l u m e w h i c h 

c o l l e c t s w a t e r f r o m t h e i n d i v i d u a l t o w e r b a s i n s . A c h e m i c a l t r e a t m e n t 

d i s t r i b u t i o n h e a d e r a b o v e t h e pump b a s i n m i x e s t h e c h e m i c a l s w i t h t h e 

b a s i n w a t e r . 

D u r i n g p e r i o d s when t h e r e a c t o r i s s h u t d o w n , t h e c o o l i n g demand i s 

g r e a t l y r e d u c e d . T h e 2 2 , 7 1 0 - 1 / m ( 6 0 0 0 - g p m ) pump may t h e n be p u t i n t o 

s e r v i c e and t h e m a i n pumps s t o p p e d . T h i s pump m a i n t a i n s c o o l i n g f o r t h e 

a u x i l i a r y s y s t e m s . I t a l s o p r o v i d e s 1 1 , 3 5 5 - 1 / m ( 3 0 0 0 - g p m ) e m e r g e n c y 

f l o w d u r i n g a normal—power o u t a g e when a second w i n d i n g r e c e i v e s power 

f r o m t h e a u x i l i a r y d i e s e l m o t o r - g e n e r a t o r s e t . 

A s e l e c t o r s w i t c h i n t h e c o n t r o l room p e r m i t s c h o i c e o f a m a i n 

s e c o n d a r y pump t o be e x c l u d e d f r o m t h e a u t o m a t i c s t a r t u p s e q u e n c e . A 

s p r i n g r e t u r n " S t a r t - N e u t r a l - S t o p " s w i t c h f o r e a c h pump i s l o c a t e d i n 

t h e c o n t r o l r o o m . T h e pumps a r e a u t o m a t i c a l l y s t o p p e d by t h e f o l l o w i n g 

c o n d i t i o n s : 

1 . o v e r l o a d ( r e l a y must be hand s e t t o s t a r t ) , 

2 . g r o u n d f a u l t ( r e l a y must be hand s e t t o s t a r t ) , 

3 . o p e n i n g o f 2 4 0 0 - V m o t o r s t a r t e r d o o r , and 

4 . l o s s of v o l t a g e . 

T h e a u x i l i a r y 2 2 , 7 1 0 - 1 / m ( 6 0 0 0 - g p m ) c i r c u l a t i o n pump, P U - 1 4 , i s 

d r i v e n by a t w o - w i n d i n g m o t o r . The h i g h - s p e e d w i n d i n g p r o v i d e s s u f -

f i c i e n t s e c o n d a r y c o o l a n t f l o w , 2 2 , 7 1 0 — 1 / m ( 6 0 0 0 — g p m ) , t o h a n d l e t h e 

n o r m a l r e q u i r e m e n t s a t t h e s i t e when t h e r e a c t o r i s n o t o p e r a t i n g a t 

p o w e r . The s l o w - s p e e d w i n d i n g , s u p p l i e d f r o m t h e n o r m a l - e m e r g e n c y power 

s y s t e m , p r o v i d e s s u f f i c i e n t c o o l i n g , 1 1 , 3 5 5 - 1 / m ( 3 0 0 0 - g p m ) , t o p e r m i t 

t h e r e a c t o r t o o p e r a t e a t 10 MW d u r i n g a n o r m a l - p o w e r o u t a g e b e c a u s e 
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o t h e r h e a t s o u r c e s a r e i n o p e r a t i v e . A s p r i n g r e t u r n " S t o p - N e u t r a l - S t a r t " 

s w i t c h f o r t h e h i g h - s p e e d w i n d i n g and a r u n n i n g l i g h t a r e l o c a t e d i n t h e 

c o n t r o l room. E l e c t r i c a l and m e c h a n i a l i n t e r l o c k s b e t w e e n t h e h i g h - and 

l o w - s p e e d s t a r t e r s p e r m i t o n l y one t u be e n e r g i z e d a t a t i m e . A " R u n - O f f -

A u t o " mode s w i t c h and a r u n n i n g l i g h t a r e l o c a t e d i n t h e c o n t r o l r o o m . 

T h i s p e r m i t s s e l e c t i o n o f t h e mode of o p e r a t i o n f o r t h e s l o w - s p e e d w i n d -

i n g and i n d i c a t e s t h e mode c h o s e n . An a l a r m i s sounded i n t h e c o n t r o l 

r o o m when t h e s w i t c h i s p l a c e d i n t h e " O f f " p o s i t i o n . 

I n t h e a u t o m a t i c mode, t h e s l o w - s p e e d w i n d i n g i s e n e r g i z e d upon l o s s 

o f n o r m a l power by a c o n t a c t i n n o r m a l - e m e r g e n c y t r a n s f e r s w i t c h N o . 1 . 

T h e c o n t a c t i s c l o s e d when t h e t r a n s f e r s w i t c h i s i n t h e e m e r g e n c y p o s i -

t i o n , i . e . , t h e d i e s e l g e n e r a t o r i s s u p p l y i n g power t o t h e No . 1 n o r m a l -

e m e r g e n c y c i r c u i t . 

T h e pump w i l l c o n t i n u e t o r u n , a f t e r n o r m a l - p o w e r has b e e n r e s t o r e d , 

u n t i l m a n u a l l y s h u t o f f . T h e s l o w - s p e e d s t a r t e r i s i n t e r l o c k e d w i t h a 

s o l e n o i d v a l v e so t h a t r e t u r n f l o w i s r o u t e d t h r o u g h a b y p a s s d i r e c t l y 

t o t h e t o w e r b a s i n when t h i s w i n d i n g i s e n e r g i z e d . 

T h e s e c o n d a r y c o o l a n t pumps d i s c h a r g e w a t e r i n t o a 1 0 6 . 7 - c m ( 4 2 - i n . ) 

p i p e w h i c h r u n s u n d e r g r o u n d t o t h e e a s t s i d e o f t h e r e a c t o r b u i l d i n g 

w h e r e i t d i v i d e s i n t o a 9 1 . 4 - a n d a 4 5 . 7 - c m ( 3 6 - and 1 8 - i n . ) l i n e ( s e e 

F i g . 6 . 1 5 ) . T h e 9 1 . 4 - c m ( 3 6 - i n . ) l i n e c a r r i e s a maximum o f 2 2 , 7 1 0 1 / m 

( 6 0 0 0 gpm) o f c o o l i n g w a t e r t o e a c h of t h e p r i m a r y c o o l a n t h e a t e x c h a n g e r s . 

T h e 4 5 . 7 - c m ( 1 8 - i n . ) l i n e s u p p l i e s t h e p o o l h e a t e x c h a n g e r s , a i r c o n d i t i o n -

i n g u n i t s , o t h e r a u x i l i a r y e q u i p m e n t , and t h e TRU f a c i l i t y . R e t u r n w a t e r 

l i n e s t o t h e c o o l i n g t o w e r r u n p a r a l l e l t o t h e s u p p l y h e a d e r s . R e m o t e l y 

o p e r a t e d m o t o r - d r i v e n c o n t r o l v a l v e s on t h e i n l e t and e x i t o f e a c h p r i m a r y 

h e a t e x c h a n g e r t h r o t t l e t h e f l o w t o t h e i n d i v i d u a l h e a t e x c h a n g e r s and 

p e r m i t them t o be I s o l a t e d f o r c l e a n i n g and r e p a i r . An a u t o m a t i c f l o w 
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c o n t r o l v a l v e r e g u l a t e s t h e f l o w o f s e c o n d a r y c o o l a n t t o t h e h e a t e x -

c h a n g e r s as r e q u i r e d t o m a i n t a i n a c o n s t a n t p r i m a r y w a t e r t e m p e r a t u r e 

o f 4 9 ° C ( 1 2 0 ° F ) . 

6 . 4 P o o l W a t e r S y s t e m 

The r e a c t o r p r e s s u r e v e s s e l i s l o c a t e d i n a c y l i n d r i c a l p o o l 5 . 5 m 

( 1 8 f t ) i n d i a m e t e r and 1 1 ra ( 3 6 f t ) deep w h i c h c o n t a i n s a p p r o x i m a t e l y 

3 0 2 , 8 0 0 1 ( 8 0 , 0 0 0 g a l ) o f w a t e r . C o n n e c t e d t o t h i s p o o l i s a r e c t a n g u l a r 

s t o r a g e p o o l , 1 2 . 6 m ( 4 1 - 1 / 2 f t ) l o n g , 6 . 1 m ( 2 0 f t ) d e e p , and 5 . 5 m ( 1 8 

f t ) w i d e , w h i c h c o n t a i n s a p p r o x i m a t e l y 4 3 1 , 4 9 0 1 ( 1 1 4 , 0 0 0 g a l ) o f w a t e r . 

A s m a l l e r c y l i n d r i c a l p o o l 2 . 4 4 m ( 8 f t ) i n d i a m e t e r and 7 . 6 2 m ( 2 5 f t ) 

deep i s l o c a t e d a t t h e e a s t end of t h e r e c t a n g u l a r p o o l . T h i s i s p r o -

v i d e d t o accommodate a f u t u r e c r i t i c a l a s s e m b l y . T h e c r i t i c a l a s s e m b l y 

p o o l c o n t a i n s a p p r o x i m a t e l y 3 7 , 8 5 0 1 ( 1 0 , 0 0 0 g a l ) o f w a t e r . 

The r e a c t o r p o o l i s s e p a r a t e d f r o m t h e r e c t a n g u l a r p o o l s by a r e m o -

v a b l e g a t e . T h e r e c t a n g u l a r p o o l , c a l l e d t h e c l e a n p o o l , i s d i v i d e d 

i n t o two 6 . 1 - m ( 2 0 - f t ) s e c t i o n s by means o f a s e c o n d r e m o v a b l e g a t e . 

A l l o f t h e p o o l s a r e l i n e d w i t h s t a i n l e s s s t e e l t o p r e v e n t l e a k a g e , t o 

p e r m i t d e c o n t a m i n a t i o n , and t o h e l p m a i n t a i n t h e w a t e r p u r i t y . T h e 

g e n e r a l a r r a n g e m e n t i s shown i n F i g . 6 . 1 9 . 

The p o o l w a t e r r e q u i r e s c i r c u l a t i o n and h e a t r e m o v a l t o d i s p o s e o f 

up t o 0 . 8 MW o f h e a t a b s o r b e d f r o m t h e r e a c t o r c o r e , h o t p r i m a r y c o o l a n t 

c o m p o n e n t s , and s t o r e d s p e n t f u e l e l e m e n t s . M o r e o v e r , t o r e d u c e c o r r o -

s i o n and to m a i n t a i n a l o w c o n t a m i n a t i o n l e v e l , i t i s n e c e s s a r y t o c i r -

c u l a t e a f r a c t i o n o f t h e p o o l w a t e r t h r o u g h a c l e a n u p s y s t e m . 

6 . 4 . 1 P o o l c o o l a n t s y s t e m 

A l l p o o l s a r e p r o v i d e d w i t h o v e r f l o w s c u p p e r s a t t h e 2 5 8 . 5 - m ( 8 4 8 - f t ) 

l e v e l . P o o l w a t e r o v e r f l o w i n g i n t o t h e s e s c u p p e r s f l o w s by g r a v i t y i n t o 
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Fig. 6.19. East-west section. 
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t h e p o o l s u r g e t a n k a s shown i n F i g s . 6 . 2 0 , 6 . 2 1 , and 6 . 2 2 . T h e p o o l 

s u r g e t a n k m a i n t a i n s a p o s i t i v e s u c t i o n h e a d on t h e two p o o l — c o o l a n t 

p u m p s , P U - 9 A a n d B , w h i c h a r e r a t e d a t 3 7 8 5 1/ir. ( 1 0 0 0 gpm) e a c h . Up t o 

1 8 9 2 1 / m ( 5 0 0 gpm) o f t h e 3 7 8 5 1 / m ( 1 0 0 0 gpr . ) r . o t a l p o o l c o o l a n t w a t e r 

f l o w l e a v i n g t h e pumps goes t h r o u g h t h e poo.!, r ' i l t e r ; t h e r e m a i n d e r i s 

b y p a s s e d a r o u n d t h e f i l t e r . T h e w a t e r t h e n e : : t e r s t h e s h e l l s i d e o f t h e 

p o o l h e a t e x c h a n g e r s . E i t h e r e x c h a n g e r can h a n d l e up t o 3 7 8 5 1 / m ( 1 0 0 0 

g p m ) . S e c o n d a r y c o o l a n t e n t e r i n g t h e cube sl-1? o f t h e h e a t e x c h a n g e r s 

i s a u t o m a t i c a l l y r e g u l a t e d b y a v a l v e t o m a i n t a i n t h e p o o l w a t e r l e a v i n g 

t h e e x c h a n g e r s a t a p r e s e t t e m p e r a t u r e . 

F r o m t h e h e a t e x c h a n g e r s t h e c o o l e d w a t e r may be d i v e r t e d t o t h e 

v a r i o u s p o o l s as r e q u i r e d by t h e h e a t l o a d d i s t r i b u t i o n . V a r i o u s t e m -

p e r a t u r e s e n s o r s , l o c a t e d i n t h e o v e r f l o w l i n e s f r o m t h e p o o l s c u p p e r s , 

i n d i c a t e t h e t e m p e r a t u r e d i s t r i b u t i o n i n t h e p o o l s . 

T h e r e i s no n e e d f o r a f l o w c o n t r o l v a l v e i n t h i s s y s t e m as i t i s 

s e l f - r e g u l a t i n g . T h e s y s t e m i s b a l a n c e d m a n u a l l y t o a c h i e v e t h e d e s i r e d 

f l o w d i s t r i b u t i o n b e t w e e n t h e pu">ls by a d j u s t i n g t h e v a l v e s i n t h e r e t u r n 

l i n e s t o t h e p o o l s . A l e v e l c o n t r o l v a l v e s u p p l i e s p l a n t d e m i n e r a l i z e d 

w a t e r t o t h e s u r g e t a n k as makeup f o r e v a p o r a t i o n and l e a k a g e . 

T h e p o o l c o o l a n t pumps a l s o s e r v e as p o o l w a t e r t r a n s f e r pumps„ T h e y 

c a n t r a n s f e r w a t e r b o t h t o a n d f r o m t h e p o o l w a t e r u n d e r g r o u n d s t o r a g e 

t a n k . 

T h e g e n e r a l a r r a n g e m e n t o f t h e p o o l c o o l i n g e q u i p m e n t i s shown i n 

F i g . 6 . 2 3 . 

P o o l o v e r f l o w . T h e r e a c t o r p o o l o v e r f l o w o f a p p r o x i m a t e l y 1 8 9 3 1 / m 

( 5 0 0 gpm) f l o w s by g r a v i t y t h r o u g h two l i n e s t o t h e 2 0 . 3 - c m - d i a m ( 8 - i n . ) 

common p o o l o v e r f l o w c o l l e c t i o n l i n e . A p p r o x i m a t e l y 1 5 1 4 1 / m ( 4 0 0 gpm) 

f r o m t h e c l e a n p o o l and 379 1 / m ( 1 0 0 gpm) f* -om t h e c r i t i c a l p o o l a l s o 
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F i g . 6 . 2 0 . F i r s t f l o o r p l a n - w a t e r w i n g . 
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Fig. 6.21. Pool coolant system. 



Fig. 6.22. Pool coolant - schematic flow diagram. 
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F i g . 6 . 2 3 . P o o l c o o l a n t e q u i p m e n t a r r a n g e m e n t . 
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f l o w i n t o t h i s l i n e . T h e c o l l e c t i o n l i n e d i p s b e l o w t h e l e v e l o f t h e 

p o o l s u r g e t a n k b e f o r e e n t e r i n g i t , t h u s p r o v i d i n g a w a t e r s e a l f o r t h e 

s c u p p e r d r a i n s . 

T h e t e m p e r a t u r e o f t h e w a t e r o v e r f l o w i n g f r o m e a c h p o o l i s m o n i t o r e d 

b y t h e r m o c o u p l e s a n d i s d i s p l a y e d i n t h e c o n t r o l r o o m . A f l o a t s w i t c h 

i n e a c h p o o l m o n i t o r s t h e w a t e r l e v e l . An a l a r m i s r e c e i v e d i n t h e 

c o n t r o l r o o m i f an a b n o r m a l l y h i g h o r l o w l e v e l i s d e t e c t e d . T h e p o o l 

c o o l a n t pumps a r e a u t o m a t i c a l l y s h u t o f f i f a h i g h w a t e r l e v e l i s d e -

t e c t e d i n t h e r e a c t o r o r c r i t i c a l p o o l . A r a d i a t i o n m o n i t o r i s l o c a t e d 

i n t h e common c o l l e c t i o n l i n e . T h e w a t e r a c t i v i t y l e v e l i s r e c o r d e d i n 

t h e c o n t r o l r o o m . A n a l a r m i s a l s o r e c e i v e d i n t h e c o n t r o l r o o m i f a 

h i g h r a d i a t i o n l e v e l I s d e t e c t e d by t h i s i n s t r u m e n t . 

P o o l s u r g e t a n k . T h e p o o l s u r g e t a n k w h i c h c o l l e c t s t h e o v e r f l o w 

f r o m t h e p o o l s h a s a c a p a c i t y o f 4 7 3 1 1 ( 1 2 5 0 g a l ) . I t i s l o c a t e d on 

t h e f i r s t f l o o r i n t h e w a t e r w i n g a t t h e w e s t e n d o f t h e p o o l d e m i n e r a -

l i z e r c e l l s . A w a t e r l e v e l s e n s o r t r a n s m i t s t h e w a t e r l e v e l i n d i c a t i o n 

t o t h e c o n t r o l r o o m . I f a l o w w a t e r l e v e l I s d e t e c t e d i n t h e s u r g e 

t a n k , a n a l a r m i s r e c e i v e d i n t h e c o n t r o l r o o m a n d t h e p o o l c o o l a n t 

pumps a r e a u t o m a t i c a l l y s t o p p e d . T h e l e v e l s e n s o r a l s o c o n t r o l s a n 

a u t o m a t i c m a k e u p va1<" u | | i .ch p e r m i t s d e m i n e r a l i z e d w a t e r t o f l o w i n t o 

t h e t a n k i n o r d e r t o , „ i l u l a l n a m i n i m u m l e v e l . A n y o v e r f l o w r u n s t o t h e 

p r o c e s s w a s t e d r a i n . T h e o v e r f l o w l i n e i s e q u i p p e d w i t h a 1 . 8 3 - m ( 6 - f t ) 

l e g t o p r o v i d e a w a t e r s e a l . O t h e r l i n e s c o n n e c t e d t o t h e s u r g o t a n k 

a r e : 

1 . a ven t td I ||n open llll| ,,H k ib SVH I HI I I , 

2 . a n o v e r f l o w l i n e f r I- - n ^ M l - M 

3 . a n o r m a l l y yiiiiHM'l r.ro9!i| |p |:o | ||i: pu.il (UinHlll r-^ef?!!'lj> d e a e r a -
t o r , nu<( 

4 . a l i n e t o t h e s u c t i o n o f t h n p n n l I-.IIII | i | i l l |H«III|IH» 
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P o o l c o o l a n t pumps. T h e p o o l c o o l a n t pumps, P U - 9 A a n d B , e a c h h a v e 

a r a t e d c a p a c i t y o f 3 7 8 5 1 / m ( 1 0 0 0 g p m ) . T h e y a r e l o c a t e d on t h e g r o u n d 

f l o o r o f t h e w a t e r w i n g o u t s i d e t h e p o o l d e m i n e r a l i z e r pump c e l l . An 

" O n - O f f - R e s e t " s e l e c t o r s w i t c h and r u n n i n g l i g h t f o r e a c h pump a r e 

l o c a t e d on t h e p r o c e s s p a n e l i n t h e c o n t r o l room. A " S t o p - R e s e t " b u t t o n 

i s l o c a t e d a t e a c h pump. The pumps a r e s t o p p e d a u t o m a t i c a l l y by a h i g h 

w a t e r l e v e l i n t h e r e a c t o r o r c r i t i c a l p o o l s and b y a l o w l e v e l i n t h e 

s u r g e t a n k . When a pump i s s h u t down by a l e v e l s w i t c h , i t w i l l r e s t a r t 

a u t o m a t i c a l l y i f t h e a b n o r m a l l e v e l c o n d i t i o n c l e a r s w i t h i n 60 s . O t h e r -

w i s e t h e pump must be m a n u a l l y r e s t a r t e d . The pumps a r e c o n n e c t e d t o t h e 

n o r m a l - p o w e r s y s t e m and w i l l a u t o m a t i c a l l y r e s t a r t when power i s a p p l i e d 

f o l l o w i n g a n o r m a l - p o w e r f a i l u r e . P r e s s s u r e g a u g e s a r e mounted on t h e 

i n l e t and e x i t o f e a c h pump. The p o o l c o o l a n t pumps n o r m a l l y t a k e t h e i r 

s u c t i o n f r o m t h e p o o l s u r g e t a n k and d i s c h a r g e i n t o t h e h e a t e x c h a n g e r s 

e i t h e r t h r o u g h o r a r o u n d t h e p o o l w a t e r f i l t e r . T h e y c a n , h o w e v e r , a l s o 

be u s e d f o r v a r i o u s f i l l i n g and d r a i n i n g o p e r a t i o n s . 

P o o l c o o l a n t f i l t e r . T h e p o o l c o o l a n t f i l t e r has a n o m i n a l f l o w 

c a p a c i t y o f 1893 1 / m ( 5 0 0 g p m ) . I t c o n s i s t s o f 47 p o r o u s t u b e s , 7 cm 

( 2 - 3 / 4 i n . ) i n d i a m e t e r by 74 cm ( 2 9 - 1 / 4 i n . ) l o n g , made o f s i n t e r e d 

s t a i n l e s s s t e e l . W a t e r f l o w s f r o m o u t s i d e t o i n s i d e t h r o u g h p o r e o p e n -

i n g s h a v i n g a mean d i a m e t e r o f 20 m i c r o n s . I t i s l o c a t e d i n a s h i e l d e d 

c e l l on t h e f i r s t f l o o r o f t h e w a t e r w i n g . A b y p a s s a r o u n d t h e f i l t e r 

c a r r i e s t h e c o o l a n t f l o w i n e x c e s s o f 1 8 9 3 1 / m ( 5 0 0 g p m ) . T h e f i l t e r can 

be c l e a n e d w i t h a c i d , c a u s t i c , o r s t e a m by c o u n t e r c u r r e n t f l o w . A v e n t 

a t t h e t o p o f t h e f i l t e r i s c o n n e c t e d t o t h e o p e n h o t o f f - g a s s y s t e m 

t h r o u g h a b a l l f l o a t t r a p . 

H e a t e x c h a n g e r s . E a c h o f t h e p o o l h e a t e x c h a n g e r s , E X - 2 A a n d B , i s 

d e s i g n e d t o remove 1 . 5 MW ( 6 m i l l i o n B t u / h ) f r o m t h e s y s t e m . T h e y e a c h 
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h a v e 5 4 0 f i x e d cubes 1 . 6 cm ( 5 / 8 i n . ) i n d i a m e t e r . I n n o r m a l o p e r a t i o n 

e a c h e x c h a n g e r w i l l o p e r a t e w i t h a f l o w o f 1 8 9 3 1 / m ( 5 0 0 gpm) o f p o o l 

w a t e r b u t can accommodate 3 7 8 5 1 / m ( 1 0 0 0 g p m ) . P o o l w a t e r makes two 

p a s s e s on t h e s h e l l s i d e o f e a c h e x c h a n g e r a n d t h e s e c o n d a r y c o o l i n g 

w a t e r makes two p a s s e s i n t h e t u b e s . N o r m a l l y t h e s e c o n d a r y w a t e r f l o w 

t o e a c h e x c h a n g e r i s a p p r o x i m a t e l y 6 0 5 6 1 / m ( 1 6 0 0 g p m ) . The t e m p e r a t u r e 

o f t h e w a t e r i n t h e common p o o l w a t e r e x i t l i n e f r o m t h e h e a t e x c h a n g e r s 

i s m o n i t o r e d by a t h e r m o c o u p l e and i s d i s p l a y e d i n t h e c o n t r o l room. A 

t e m p e r a t u r e c o n t r o l s e n s i n g e l e m e n t i s a l s o l o c a t e d i n t h e common e x i t 

l i n e . T h i s e l e m e n t c o n t r o l s t h e f l o w o f s e c o n d a r y c o o l a n t t o t h e e x c h a n g -

e r s i n o r d e r t o m a i n t a i n t h e e x i t t e m p e r a t u r e c o n s t a n t . E a c h e x c h a n g e r 

i s e q u i p p e d w i t h a m a n u a l l y - o p e r a t e d s h e l l v e n t t o t h e a t m o s p h e r e and a 

s h e l l d r a i n t o p r o c e s s w a s t e . A b y p a s s l i n e w h i c h p e r m i t s p o o l w a t e r t o 

b e r o u t e d a r o u n d t h e h e a t e x c h a n g e r s r e j o i n s t h e e x i t l i n e a h e a d o f t h e 

t e m p e r a t u r e s e n s i n g e l e m e n t s . 

T h e h e a d e r s t o t h e r e a c t o r and c l e a n p o o l s b r a n c h o f f t h e common 

h e a t e x c h a n g e r e x i t w h i c h c o n t i n u e s t o t h e c r i t i c a l p o o l . E a c h h e a d e r 

i s e q u i p p e d w i t h a f l o w m e a s u r i n g o r i f i c e w h i c h p e r m i t s d i s p l a y i n t h e 

c o n t r o l room o f t h e r e t u r n f l o w t o e a c h p o o l . T h e s e h e a d e r s r e t u r n i n g 

t o e a c h p o o l c o n t a i n r e m o t e l y o p e r a t e d v a l v e s w h i c h p e r m i t t h r o t t l i n g o f 

t h e f l o w f r o m t h e c o n t r o l r o o m . 

6 . 4 . 2 P o o l c l e a n u p s y s t e m 

I n o r d e r t o m a i n t a i n h i g h p u r i t y w a t e r , i t i s n e c e s s a r y t o pass 

a p p r o x i m a t e l y 7 5 7 1 / m ( 2 0 0 gpm) o f p o o l w a t e r t h r o u g h t h e p o o l c l e a n u p 

s y s t e m w h i c h c o n s i s t s o f a d e a e r a t o r , p r e f i l t e r , d e m i n e r a l i z e r , and 

a f t e r f i l t e r i n s e r i e s . T h e t a s k o f c l e a n i n g t h e p o o l w a t e r i s made 

m o r e c o m p l e x by t h e p o s s i b i l i t y t h a t one o r more d e f e c t i v e and l e a k i n g 

f u e l e l e m e n t s w i l l be s t o r e d i n t h e r e a c t o r p o o l . T h e s y s t e m , shown 
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s c h e m a t i c a l l y i n F i g s . 6 . 2 4 and 6 . 2 5 , i s d e s i g n e d t o h a n d l e t h i s s i t u -

a t i o n b u t w i l l f u n c t i o n e q u a l l y w e l l i f no d e f e c t i v e e l e m e n t i s p r e s e n t . 

T h e g e n e r a l a r r a n g e m e n t o f t h e e q u i p m e n t i s shown i n F i g . 6 . 2 6 . 

P o o l w a t e r f l o w s t h r o u g h t h e d e f e c t i v e f u e l e l e m e n t s t o r a g e t a n k s , 

i n t o t h e p o o l d e a e r a t o r . F r o m h e r e i t i s f o r c e d t h r o u g h t h e p o o l c l e a n -

up s y s t e m and r e t u r n s t o t h e p o o l s i n common w i t h t h e p o o l c o o l a n t f l o w . 

As i n d i c a t e d i n F i g . 6 . 2 7 , t h e n o r m a l f l o w p a t h o f t h e p o o l w a t e r i s 

i n t o t h e b o t t o m o f t h e d e f e c t i v e e l e m e n t t a n k s , up t h r o u g h t h e e l e m e n t , 

and o u t t h e b o t t o m t h r o u g h a h o l l o w c a d m i u m - l i n e d , p o s t t o t h e p o o l 

c l e a n u p s y s t e m . S h o u l d t h e c l e a n u p s y s t e m f l o w be i n t e r r u p t e d , c o o l i n g 

i s p r o v i d e d by n a t u r a l c i r c u l a t i o n t h r o u g h a s m a l l h e a t e x c h a n g e r 

i m m e r s e d i n t h e p o o l . 

A p p r o x i m a t e l y 757 1 / m ( 2 0 0 gpm) o f p o o l w a t e r f l o w s f r o m t h e d e f e c -

t i v e e l e m e n t s t o r a g e t a n k s i n t o t h e d e a e r a t o r . T h e f l o w i s a d j u s t e d by 

a r e m o t e l y - o p e r a t e d v a l v e and a f l o w i n d i c a t o r i n t h e c o n t r o l r o o m . The 

d e a e r a t o r removes t h e d i s s o l v e d g a s e s a n d p r o v i d e s s u r g e c a p a c i t y f o r 

t h e s y s t e m . F r o m t h e d e a e r a t o r , w a t e r f l o w s t o t h e p o o l c l e a n u p pumps, 

P U - 7 A a n d B . T h e d i s c h a r g e f r o m t h e s e pumps i s a u t o m a t i c a l l y r e g u l a t e d 

b y a v a l v e t o m a i n t a i n a c o n s t a n t l e v e l i n t h e d e a e r a t o r . W a t e r l e a v i n g 

t h e s e pumps p a s s e s t h r o u g h a p r e f i l t e r , c a t i o n and a n i o n b e d s , and an 

a f t e r f i l t e r b e f o r e r e t u r n i n g t o t h e r e a c t o r and c l e a n p o o l s . T h e r e i s 

o n l y a s i n g l e s e t o f p o o l d e m i n e r a l i z e r s . T h e p o o l v o l u m e I s s u f f i c i e n t l y 

l a r g e so t h a t w a t e r c o n d i t i o n s w i l l n o t change t o a n y g r e a t e x t e n t d u r i n g 

t h e t i m e r e q u i r e d f o r r e g e n e r a t i o n . D u r i n g r e g e n e r a t i o n t h e d e m i n e r a l i -

z e r s c a n be b y p a s s e d w i t h o u t a f f e c t i n g t h e o p e r a t i o n o f t h e d e a e r a t o r and 

f i l t e r s . A r a d i a t i o n d e t e c t i o n d e v i c e l o c a t e d i n t h e l i n e t o t h e d e a e r a -

t o r p r o v i d e s an i n d i c a t i o n i n t h e c o n t r o l room o f t h e amount o f c o n t a m i n a -

t i o n i n t h e w a t e r l e a v i n g t h e d e f e c t i v e e l e m e n t s t o r a g e t a n k s . 
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F i g . 6 . 2 5 . P o o l c l e a n u p - s c h e m a t i c f l o w d i a g r a m . 
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D e a e r a t o r . T h e p o o l d e a e r a t o r , shown i n F i g . 6 . 2 8 , i s d e s i g n e d t o 

r e m o v e e s s e n t i a l l y a l l o f t h e d i s s o l v e d g a s e s f r o m t h e p o o l w a t e r a t a 

f l o w of 7 5 7 1 / m ( 2 0 0 g p m ) . T o g e t h e r w i t h i t s a s s o c i a t e d c o n d e n s e r s and 

s t e a m e j e c t o r s , i t i s l o c a t e d i n a 3 0 . 5 - c m - t h i c k ( 1 - f t ) n o r m a l c o n c r e t e -

s h i e l d e d c e l l on t h e f i r s t f l o o r o f t h e w a t e r w i n g . W a t e r e n t e r s t h e 

t o p o f t h e d e a e r a t o r t a n k and p a s s e s down t h r o u g h a bed o f R a s c h i g r i n g s . 

T h e h i g h v a c u u m m a i n t a i n e d by t h e s t e a m e j e c t o r s removes d i s s o l v e d g a s e s 

f r o m t h e w a t e r . Gases f r o m t h e d e a e r a t o r p a s s t h r o u g h a p r e c o n d e n s e r , a 

h i g h - v a c u u m e j e c t o r , a l o w - v a c u u m e j e c t o r , and an a f t e r - c o n d e n s e r b e f o r e 

e n t e r i n g t o t h e c l o s e d h o t o f f - g a s s y s t e m . C o n d e n s a t e f r o m t h e c o n d e n -

s e r s I s r e t u r n e d t o t h e d e a e r a t o r s . A l e v e l s e n s o r d e t e c t s t h e w a t e r 

l e v e l i n t h e d e a e r a t o r and t r a n s m i t s a s i g n a l t o a f l o w c o n t r o l v a l v e on 

t h e d i s c h a r g e o f t h e p o o l d e m i n e r a l i z e r pumps t o h o l d t h e l e v e l c o n s t a n t . 

T h e d e m i n e r a l i z e r pumps a r e a u t o m a t i c a l l y s h u t down i f a l o w - l e v e l s e t -

p o i n t i s r e a c h e d and a r e a u t o m a t i c a l l y r e s t a r t e d when t h e l o w - l e v e l 

s w i t c h i s c l e a r e d . The d e a e r a t o r l e v e l s i g n a l i s a l s o d i s p l a y e d i n t h e 

c o n t r o l r o o m . A s e p a r a t e l e v e l s a f e t y w i t c h on t h e d e a e r a t o r t r a n s m i t s 

a n a l a r m t o t h e c o n t r o l room i f a h i g h l e v e l I s d e t e c t e d and c l o s e s a 

b l o c k v a l v e i n t h e s t e a m s u p p l y l i n e t o t h e e j e c t o r s to p r e v e n t d i s c h a r g -

i n g w a t e r I n t o t h e CHOG s y s t e m . E a c h c o n d e n s e r i s e q u i p p e d w i t h p r e s s u r e 

gauges t o a i d i n a d j u s t i n g t h e vacuum. A p r e s s u r e s e n s o r t r a n s m i t s t h e 

d e a e r a t o r vacuum t o an i n d i c a t o r i n t h e c o n t r o l room and sounds an a l a r m 

i f h i g h p r e s s u r e i s d e t e c t e d . 

P o o l d e m i n e r a l i z e r pumps. W a t e r f r o m t h e d e a e r a t o r e n t e r s t h e s u c -

t i o n o f t h e d e m i n e r a l i z e r pumps, PU-7A a n d B , and i s d i s c h a r g e d t o t h e 

p o o l d e m i n e r a l i z e r p r e f i l t e r . T h e s e pumps a r e l o c a t e d i n a s h i e l d e d 

c e l l on t h e g r o u n d f l o o r o f t h e w a t e r w i n g . E a c h pump has a c a p a c i t y o f 
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Fig. 6.28. Pool cleanup system detniLs. 
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75 1/rn ( 2 0 0 g p m ) . T h e pumps d i s c h a r g e i n t o a common l i n e c o n t a i n i n g t h e 

d e a e r a t o r l e v e l - c o n t r o l v a l v e . Compound p r e s s u r e gauges a r e l o c a t e d on 

t h e s u c t i o n s i d e o f e a c h pump and n o r m a l gauges a r e l o c a t e d on t h e d i s -

c h a r g e s i d e . An " O n - O f f - R e s e t " s e l e c t o r s w i t c h and a r u n n i n g l i g h t f o r 

e a c h pump m o t o r i s l o c a t e d on t h e p r o c e s s p a n e l i n t h e c o n t r o l room. A 

" S t o p - R e s e t " b u t t o n i s l o c a t e d a t e a c h pump. H i g h w a t e r l e v e l i n t h e 

c l e a n p o o l w i l l s h u t down t h e pumps, b u t t h e y r e s t a r t a u t o m a t i c a l l y i f 

t h e h i g h - l e v e l c o n d i t i o n c l e a r s w i t h i n 6 0 s . O t h e r w i s e , t h e y must be 

r e s t a r t e d m a n u a l l y . A l o w l e v e l i n t h e p o o l d e a e r a t c r w i l l a l s o s t o p t h e 

pumps; b u t , i n t h i s c a s e , a r e s t o r a t i o n o f t h e l e v e l s t a r t s t h e pumps. 

E i t h e r , o r b o t h , pumps may be o p e r a t e d at one t i m e . The m o t o r s a r e 

c o n n e c t e d t o t h e n o r m a l - p o w e r s y s t e m and w i l l r e s t a r t a u t o m a t i c a l l y when 

power i s r e s t o r e d f o l l o w i n g a n o u t a g e . 

P o o l c l e a n u p f i l t e r s and d e m i n e r a l i z e r s . T h e p o o l d e m i n e r a l i z e r p r e -

f i l t e r has a r a t e d f l o w c a p a c i t y o f 757 1 / m ( 2 0 0 gpm) w i t h a 1 7 . 2 k P a 

( 2 . 5 p s i ) p r e s s u r e d r o p . I t i s s i m i l a r t o t h e o t h e r p r e f i l t e r s and c o n -

t a i n s 28 p o r o u s s i n t e r e d s t a i n l e s s s t e e l f i l t e r i n g t u b e s w i t h a mean p o r e 

s i z e o f 20 m i c r o n s . W a t e r f l o w s f r o m t h e o u t s i d e o f t h e t u b e s t o t h e 

c e n t e r . T h e f i l t e r i s l o c a t e d on t h e f i r s t f l o o r o f t h e w a t e r w i n g i n 

t h e same s h i e l d e d c e l l as t h e p o o l d e m i n e r a l i z e r s . I t i s c o v e r e d w i t h a 

5 . 1 - c m - t h i c k ( 2 - i n . ) l e a d s h i e l d and i s v e n t e d t h r o u g h a b a l l f l o a t t r a p 

t o t h e o p e n h o t o f f - g a s s y s t e m . The f i l t e r , w h i c h i s a l s o e q u i p p e d w i t h 

a b y p a s s , c a n be c l e a n e d by b a c k w a s h i n g w i t h a c i d , c a u s t i c , o r s t e a n . 

P r e s s u r e g a u g e s a r e l o c a t e d on b o t h t h e i n l e t and o u t l e t . 

A f t e r p a s s i n g t h r o u g h t h e p r e f i l t e r , w a t e r e n t e r s t h e p o o l d e m i n e r a -

l i z e r s , shown i n F i g . 6 . 2 6 , w h i c h c o n s i s t o f s e p a r a t e c a t i o n and a n i o n 



6-56 

b e d s . T h e y a r e l o c a t e d on t h e f i r s t f l o o r o f t h e w a t e r w i n g i n a s h i e l d e d 

c e l l . T h e c a t i o n c o l u m n c o n t a i n s 4 . 6 i P ( 5 0 f t ^ ) o f c a t i o n r e s i n and i s 

s u r r o u n d e d by 5 . 1 cm ( 2 i n . ) o f s u p p l e m e n t a r y l e a d s h i e l d i n g . T h e a n i o n 
O q 

co lumn c o n t a i n s 4 . 6 m-3 ( 5 0 f t ) o f a n i o n r e s i n , b u t has no s u p p l e m e n t a r y 

s h i e l d i n g . W a t e r e n t e r s t h e t o p o f t h e c a t i o n c o l u m n , p a s s e s t h r o u g h i t , 

and i n t o t h e t o p o f t h e a n i o n c o l u m n . F r o m t h e b o t t o m o f t h e a n i o n b e d 

t h e w a t e r f l o w s t o t h e a f t e r f i l t e r . B o t h d e m i n e r a l i z e r c o l u m n s a r e v e n t e d 

t o t h e o p e n h o t o f f - g a s s y s t e m t h r o u g h b a l l f l o a t t r a p s . A p p r o p r i a t e 

a c i d , c a u s t i c , and b a c k w a s h l i n e s a r e p r o v i d e d . A d e m i n e r a l i z e r r e c y c l e 

pump, P U - 1 2 , i s a v a i l a b l e f o r r e c y c l i n g w a t e r d u r i n g r e g e n e r a t i o n . Sample 

t a p s a r e l o c a t e d on t h e i n l e t and o u t l e t o f e a c h c o l u m n . T h e s a m p l e l i n e s 

r u n o u t s i d e t h e c e l l t o a s a m p l i n g s i n k . 

F rom t h e d e m i n e r a l i z e r s t h e w a t e r f l o w s t o t h e p o o l d e m i n e r a l i z e r 

a f t e r f i l t e r . T h i s f i l t e r h a s a r a t e d f l o w c a p a c i t y o f 757 1 / m ( 2 0 0 gpm) 

w i t h a 1 7 . 2 k P a ( 2 . 5 p s i ) p r e s s u r e d r o p when c l e a n . T h e f i l t e r i n g m e d i a 

i s 1 0 0 - m e s h s t a i n l e s s t e e l s c r e e n . I t i s l o c a t e d on t h e f i r s t f l o o r o f 

t h e w a t e r w i n g i n t h e same s h i e l d e d c e l l as t h e p o o l d e m i n e r a l i z e r s . 

P r e s s u r e g a u g e s a r e l o c a t e d on t h e i n l e t and e x i t l i n e s . T h e f i l t e r i s 

v e n t e d t o t h e o p e n h o t o f f - g a s s y s t e m t h r o u g h a b a l l f l o a t t r a p . I t c a n 

be b a c k w a s h e d t o t h e i n t e r m e d i a t e l e v e l w a s t e s y s t e m u s i n g w a t e r f r o m 

t h e p o o l d e m i n e r a l i z e r s . W a t e r l e a v i n g t h e a f t e r f i l t e r c a n be r e t u r n e d 

t o any p o o l t h r o u g h l i n e s common w i t h t h o s e r e t u r n i n g w a t e r f r o m t h e 

p o o l c o o l i n g s y s t e m . 

6 . 4 . 3 P o o l f i l l and d r a i n s y s t e m s 

E a c h s e c t i o n o f t h e c l e a n p o o l h a s one 7 . 6 - c m ( 3 - i n . ) l i n e e n t e r i n g 

b e l o w t h e s u r f a c e o f t h e w a t e r ; t h e c r i t i c a l p o o l has a s i n g l e 1 0 . 2 - c m 

( 4 - i n . ) l i n e e n t e r i n g b e l o w t h e s u r f a c e . T h e s e l i n e s t e r m i n a t e a t t h e 
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2 5 4 . 5 - m ( a p p r o x i m a t e l y 8 3 5 - f t ) l e v e l , i . e . , 2 . 1 m ( a p p r o x i m a t e l y 7 f t ) 

a b o v e t h e p o o l f l o o r . T h e r e a c t o r p o o l c o n t a i n s two l i n e s w h i c h e n t e r 

b e l o w t h e s u r f a c e . One i s t h e n o r m a l 1 5 . 2 - c m ( 6 - i n . ) r e t u r n f r o m t h e 

p o o l c o o l a n t s y s t e m w h i c h t e r m i n a t e s a t t h e 2 5 1 . 9 - m ( 8 2 8 - f t , 6 - i n . ) l e v e l 

a t a w a t e r d e p t h o f 5 . 0 3 m ( 1 6 f t , 6 i n . ) , i . e . , 2 . 4 4 m ( 8 f t ) a b o v e t h e 

c o r e c e n t e r l i n e . T h e s e l i n e s a l s o s e r v e as f i l l and d r a i n l i n e s f o r t h e 

p o o l s . T h e s e c o n d l i n e i n t h e r e a c t o r p o o l i s t h e 1 0 . 2 - c m ( 4 - i n . ) f e e d 

l i n e t o t h e p o o l d e a e r a t o r f r o m t h e d e f e c t i v e e l e m e n t s t o r a g e t a n k s . 

T h i s i s l o c a t e d a t t h e 2 4 9 . 2 - m ( 8 1 7 - f t , 6 - i n . ) l e v e l , 9 1 . 4 cm ( 3 f t ) 

b e l o w t h e c o r e c e n t e r l i n e . 

A 2 0 8 , 1 7 5 - 1 ( 5 5 , 0 0 0 - g a l ) u n d e r g r o u n d p o o l w a t e r s t o r a g e t a n k has b e e n 

p r o v i d e d t o r e c e i v e p o o l w a t e r when i t i s n e c e s s a r y t o d r a i n t h e p o o l s . 

T h i s i s a c o n c r e t e v e s s e l l i n e d w i t h p l a s t i c and i s l o c a t e d o u t s i d e t h e 

e a s t w a l l o f t h e w a t e r w i n g . T h e t o p o f t h e 3 5 . 6 - c m - t h i c k ( 1 4 - i n . ) c o n -

c r e t e s h i e l d i s f l u s h w i t h t h e f i n i s h e d g r a d e a t t h i s p o i n t . A s e c o n d 

s e c t i o n o f t h i s t a n k p r o v i d e s t h e 7 5 , 7 0 0 - 1 ( 2 0 , 0 0 0 - g a l ) p r i m a r y c o o l a n t 

s t o r a g e m e n t i o n e d i n S e c t i o n 6 . 2 . 3 . B o t h s e c t i o n s o f t h e t a n k a r e 

v e n t e d by t h e SBHE s y s t e m and t h e o v e r f l o w i s c o n n e c t e d t o t h e p r o c e s s 

w a s t e s y s t e m . 

T h e f i l l and d r a i n l i n e s f r o m t h e i n d i v i d u a l p o o l s r u n t o a common 

f i l l and d r a i n h e a d e r l o c a t e d i n a p i p e t u n n e l on t h e g r o u n d f l o o r . By 

a n a p p r o p r i a t e s y s t e m o f v a l v i n g , t h i s h e a d e r can be r o u t e d i n t o t h e 

s u c t i o n o r d i s c h a r g e o f e i t h e r o f t h e p o o l c o o l a n t pumps ( P U - 9 A a n d B ) . 

S i m i l a r l y , t h e l i n e f r o m t h e u n d e r g r o u n d s t o r a g e t a n k can be c o n n e c t e d 

t o e i t h e r s i d e o f t h e s e pumps t o f u l f i l l any f i l l o r d r a i n r e q u i r e m e n t . 

6 . 5 Emergency C o o l i n g R e q u i r e m e n t s 

I t I s p o s s i b l e t o d i s t i n g u i s h t h r e e t y p e s o f e m e r g e n c y c o o l i n g 

r e q u i r e m e n t s w h i c h a r i s e f r o m t h e f o l l o w i n g c a u s e s : 



6-58 

1 . f a i l u r e o f a c o m p o n e n t , a pump f o r e x a m p l e , i n t h e c o o l i n g 
s y s t e m s ; 

2 . l o s s o f t h e n o r m a l 1 3 . 8 - k V e l e c t r i c a l s u p p l y ; o r 

3 . r e a c t o r s h u t d o w n due t o some cause s u c h as m u l t i p l e component 
f a i l u r e , human e r r o r , o r a c o m b i n a t i o n o f t h e s e e v e n t s . 

T h e o c c u r r e n c e o f a component f a i l u r e , as i n c a s e 1 , i s h i g h l y p r o b -

a b l e . H o w e v e r , t h i s e v e n t has b e e n a n t i c i p a t e d . A l l v i t a l components 

h a v e s t a n d b y c o u n t e r p a r t s w h i c h a r e a v a i l a b l e t o assume t h e l o a d . Such 

a s i t u a t i o n w o u l d r e s u l t i n , a t m o s t , t h e n e c e s s i t y f o r a t e m p o r a r y 

r e d u c t i o n i n p o w e r . 

I n c a s e 2 where t h e n o r m a l 1 3 . 8 - k V e l e c t r i c a l s u p p l y i s i n t e r r u p t e d , 

p r e s u m a b l y f o r o n l y a s h o r t t i m e , t h e s y s t e m can s t i l l o p e r a t e a t 10 MW. 

H o w e v e r , t h e a u x i l i a r y power s y s t e m s must o p e r a t e n o r m a l l y and no v i t a l 

m e c h a n i c a l c o m p o n e n t s can f a i l c o n c u r r e n t l y . 

B e c a u s e o f t h e s h o r t l i f e and c o s t o f t h e H F I R f u e l a n d t h e r a t e o f 

g r o w t h o f x e n o n and s a m a r i u m f o l l o w i n g s h u t d o w n , i t i s d e s i r a b l e t o k e e p 

t h e r e a c t o r a t as h i g h a power as p o s s i b l e e v e n d u r i n g a b n o r m a l c o n -

d i t i o n s . F o r t h i s r e a s o n , c e r t a i n o f t h e e m e r g e n c y s y s t e m s h a v e b e e n 

d e s i g n e d t o p e r m i t s h o r t t e r m o p e r a t i o n a t 10 MW e v e n t h o u g h t h e n o r m a l 

power has b e e n i n t e r r u p t e d . T h e d e s i g n f e a t u r e s i n c o r p o r a t e d t o p e r m i t 

10-MW o p e r a t i o n d u r i n g t h i s c o n d i t i o n a r e as f o l l o w s : 

1 . Two d i e s e l m o t o r g e n e r a t o r s e t s s h a r e t h e b u r d e n o f s u p p l y i n g 

e m e r g e n c y power t o t h e s y s t e m . C e r t a i n i t e m s a r e i n c l u d e d i n 

d u p l i c a t e w i t h one u n i t on e a c h d i e s e l ; o t h e r s a r e c o n n e c t e d t o 

t h e power s o u r c e t h r o u g h a f a i l u r e - f r e e b a t t e r y s y s t e m w h i c h 

s u p p l i e s power f o r s u f f i c i e n t t i m e e v e n t h o u g h t h e d i e s e l 

s y s t e m s do n o t o p e r a t e . 
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2 . I n o r d e r t o p r e v e n t a s c r a m d u r i n g t h e s w i t c h i n g t r a n s i e n t 

c a u s e d by a 1 3 . 8 - k V f e e d e r t r a n s f e r o r a n o r m a l - p o w e r f a i l u r e , 

f a i l u r e - f r e e b a t t e r y s y s t e m s s u p p l y power c o n t i n u o u s l y t o v i t a l 

i n s t r u m e n t a t i o n . A f l o w - d e m a n d c lamp i n i t i a t e s an a u t o m a t i c 

r e d u c t i o n i n t h e r e a c t o r power t o m a t c h t h e p r i m a r y c o o l a n t 

f l o w and p r e v e n t f l u x - t o - f l o w r a t i o o r h i g h - t e m p e r a t u r e s c r a m s . 

3 . An e m e r g e n c y p r e s u r i z e r pump and e m e r g e n c y w i n d i n g s f o r t h e 

a u x i l i a r y s e c o n d a r y c o o l a n t pump, b o t h s u p p l i e d by a d i e s e l , 

h a v e b e e n p r o v i d e d . 

4 . As d e s c r i b e d i n S e c t i o n 6 . 2 . 1 , e a c h o f t h e p r i m a r y c o o l a n t 

pumps i s e q u i p p e d w i t h a 3 - h p dc pony m o t o r s u p p l i e d f r o m a 

b a t t e r y s y s t e m . A t l e a s t two o f t h e s e m o t o r s a r e e n e r g i z e d a t 

a l l t i m e s d u r i n g o p e r a t i o n and t a k e o v e r t h e l o a d upon f a i l u r e 

o f t h e m a i n m o t o r s . 

T h e f l o w s d e v e l o p e d by t h e pony m o t o r s a r e as f o l l o w s : 

Number o f pumps o p e r a t i n g 1 2 3 

F l o w 

( 1 / m ) 6056 7 9 4 9 9 0 8 4 

( g p m ) 1600 2100 2400 

T h e s e q u e n c e o f a u t o m a t i c o p e r a t i o n s i n t h e c o o l i n g s y s t e m f o l l o w i n g 

a 1 3 . 8 - k V power o u t a g e i s as f o l l o w s : 

1 . The p r i m a r y pumps c o a s t down a n d , due t o t h e pony m o t o r s , f l o w 

s t a b i l i z e s a t 9 0 8 4 1 / m ( 2 4 0 0 gpm) a f t e r 1 m i n . S i m u l t a n e o u s l y , 

t h e s e r v o c o n t r o l s y s t e m r e d u c e s t h e " e a c t o r power i n an o r d e r l y 

f a s h i o n t o a p p r o x i m a t e l y 10 MW, t h e p r e s s u r e c o n t r o l v a l v e s 

t h r o t t l e , t h e p r e s s u r i z e r pumps c o a s t down, and t h e s e c o n d a r y 

c o o l a n t pumps c o a s t down. 
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2 . A p p r o x i m a t e l y 3 0 s a f t e r t h e power f a i l u r e , d i e s e l power i s 

a v a i l a b l e t o r u n t h e e m e r g e n c y p r e s s u r i z e r pump and t h e 

e m e r g e n c y w i n d i n g o f t h e a u x i l i a r y s e c o n d a r y pump, t o open t h e 

c o o l i n g t o w e r b y p a s s v a l v e , and t o m a i n t a i n c h a r g e on t h e 

v a r i o u s b a t t e r y s y s t e m s . 

F o l l o w i n g t h e l o s s o f t h e 2 4 0 0 - V bus t h e same s e q u e n c e i s f o l l o w e d e x c e p t 

t h a t t h e d i e s e i s n e e d n o t be s t a r t e d . I n t h i s c a s e , t h e 1 3 . 8 - k V s y s t e m 

w o u l d s u p p l y power t o t h e n o r m a l - e m e r g e n c y s y s t e m , and t h e n o r m a l w i n d i n g 

o f t h e a u x i l i a r y pump. 

T h e t h i r d t y p e o f e m e r g e n c y c o o l i n g r e q u i r e m e n t , c a s e 3 , i s t h a t i n 

w h i c h e i t h e r b e c a u s e o f m u l t i p l e component f a i l u r e , power f a i l u r e , o r 

some c o m b i n a t i o n o f e v e n t s , i t i s n e c e s s a r y t o s h u t t h e r e a c t o r down. 

I n t h i s c a s e , o n l y a f t e r h e a t n e e d be c o n s i d e r e d . 

T h e h e a t g e n e r a t i o n r a t e as a f u n c t i o n o f t i m e a f t e r s h u t d o w n due t o 

1 5 - d a y o p e r a t i o n o f t h e H F I R c o r e a t 100 MW i s g i v e n i n F i g . 6 . 2 9 . The 

h e a t g e n e r a t i o n d r o p s f r o m 1 0 0 t o 7 MW v i r t u a l l y i n s t a n t a n e o u s l y a t s h u t -

down. B e l o w t h i s p o w e r , one pony m o t o r i s a d e q u a t e t o s u p p l y c o o l i n g ; 

h o w e v e r , t h e c o a s t d o w n o f t h e m a i n pumps a u g m e n t s t h e f l o w . F o r c e d c o n -

v e c t i o n , s u p p l i e d by t h e pony m o t o r s , i s r e q u i r e d f o r a p p r o x i m a t e l y 1 h . 

T h e b a t t e r i e s , e v e n w i t h o u t r e c h a r g i n g , c a n s u p p l y power f o r a minimum 

o f 2 h . A t t h e end o f 1 h , t h e h e a t g e n e r a t i o n r a t e h a s d r o p p e d t o l e s s 

t h a n 1 . 3 MW and n a t u r a l c o n v e c t i o n c o o l i n g i n a n open p o o l o r i n t h e 

r e a c t o r i s a d e q u a t e . 
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Fig. 6.29. Fission product energy release vs time after shutdown. 
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6.6 Hot Water Injection System 

6.6.1 References 

Drawings: 
1-43930 
P-43953 

Flow Diagram 
Piping Layout 
Flow Diagram P-10047 EF 013 

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 building and con-
venience 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, air 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 differentials; 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. ^ 0 ) with respect to the ambient 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; TVr̂ s is a generally clean area but operates at a 
slightly negative pressure [-24.9 Pa (-0.1 in.) H2°]. It includes 
the process equipment rooms on the ground and second floor of the 
water wing. 

Zone 3: This includes all of the area inside the main reactor 
building, with the exception 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 directl'" 
connected to the SBHE system and is maintained at approximately 
-74.6 Pa (-0.3 in.) 1^0. 

Zone 4: This includes the primary heat exchanger cells and the 
main pipe tunnel. It too is connected directly to >_he SBHE system 
and is kept at approximately -100 Pa (-0.4 in.) H^O. 

These various zones are shown graphically in Figs. 7.L, 7.2, 7.3, and 
7.4. Two rooms in the southeast corner of the ground floor, G-12 and 
G-L3, contain electrical equipment and batteries and require cooling by 
exhaust fans. They are not considered to be within the contained area. 

Zone 1 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 enters through the fresh air intakes on 
the various air-conditioning units, is controlled by pressure-regulated 
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Fig. 7.1. Ground-floor pressures. 
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dampers in order to maintain the required negative pressure in the area. 
The fresh air intake regulators are pneumatically 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-
energize the supply fans to prevent pressurization of the building. By 
proper regulation of air flow, Zones 2 and k are kept <*'•: 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 protection even if there is a large opening in the building. 

Containment for individual experiments in the experiment 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 Air-Conditioning Systems 

The control and water wing of the reactor building 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). It 
consists of a fresh air intake louver, replaceable air filters, heating 
coil, 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 

ro /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 101 at the northwest corner 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 cashable filters; 
the other four merely recirculate air. 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 m3/min (26,400 Q 
cfm) is recirculated. The remaining 340 m /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 mJ/min (19,200 
cfm) with a recirculation of 374 m3/min (13,200 cfm). The SBHE system 
exhausts approximately 340 m /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 system 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. Semi-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-l 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 fan. 
Exhaust fans FN-2, 3, and 4 exhaust approximately 524 mJ/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 
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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 m /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 SE.HE system is a maximum reliability system which provides sec-
ondary containment to control the release to the atmosphere of airborne 
activity from either the primary coolant system or from fuel and other 
components stored in the pool. It also 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 che 
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 m /min (5,000 cfra) of air from 
under the pool cover. This corresponds to a minimum velocity of 0.51-m/s 
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9 9 
(100-ft/min) flow from the reactor bay through the 4.6 in*1 (50-ft ) 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 m-'/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 m,/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 building and then north to the SBHE section of 
the filter pit. 

The s e c o n d m a i n b r a n c h o f t h e SBHE s y s t e m , w h i c h i s n o t s h i e l d e d , 

a l s o r u n s u n d e r t h e beam room f l o o r t o t h e w e s t s i d e o f t h e b u i l d i n g and 

t h e n n o r t h t o t h e f i l t e r p i t . I t s e r v e s t h e e x p e r i m e n t r o o m , beam room, 

and t h e s h i e l d e d e q u i p s *.nt a r e a s , as w e l l as t h e u n d e r g r o u n d s t o r a g e o tanks. Approximately 170 
m /min (6,000 cfm) is drawn from the beam room 

including 283 m /min (1,000 cfm) originating in the subpile room. An 3 
additional 170 m /min (6,000 cfm) is exhausted from the experiment room, 
and 65 mJ/min (2,300 cfm) originates 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 compounds, 
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 amount 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). 
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Each filter compartment contains an assembly of: (1) a 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 cV.arcoal 
absorption units in series; and (5) a 3 x 4 bank of fiberglass-aluminum 
absolute filters. The filter system is designed to be 99.97% effective 
in removing particulate matter of greater than 0.3 micron size and to 
remove greater than 99.00% 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. 

o 
A 950-m (33,550-cfm) exhaust fan driven by a 100-hp squirrel cage 

induction motor and two 810-ra /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 is 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 to 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. 
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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-Off-Standby" selector switch which is located at 
the local panel board in the fan shed. In normal operation, both fan 
control switches are in "standby." Indicating lights 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 lit 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 panel 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 F1-904B 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 air 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 room. 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 approximately 
75% of normal will cause one or more of four other pressure switches, 
two in eacti branch, to open and trip another relay (R-101) which shuts 
down air-conditioning units AC-2, -5, -10, and -14. 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. l^O) 
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 
following 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 

S w i t c h No. D u c t 
location 

Normal 
flow 

m^/min 
(scfm) 

Setpoint 
flow 

m3/min 
(scfm) 

Type of action 

FS-903B-1 and FS-913B-1 West 

FS-904B-1 and FS-914B-1 East 

FS-904A-1 and FS-914A-1 Eact 

FS-903A-1 and FS-913A-1 West 

FS-904A-2 and FS-914A-2 East 

FS-903A-2 and FS-913A-2 West 

204 
(8,500) 

240 
(8,500) 

240 
(8,500) 

240 
(8,500) 

240 
(8,500) 

240 
(8,500) 

205 
(7,225) 

205 
(7,225) 

193 
(6,800) 

193 
(6,800) 

181 
(6,375) 

181 
(6,375) 

A l a r m 

A l a r m 

Starts standby fan and alarms 

Starts standby fan and alarms 

Shuts down AC units 2, 5, 10, and 14 

Shuts down AC units 2, 5, 10, and 14 
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Table 7.2. Differential pressure gauge tabulation 

Gauge No. Area monitored 
Normal 

Pa 
(in. H20) 

Setpoint 
Pa 

(in. H20) 

Type of 
action 

PdI-900 Reactor bay 74.6 24.9 Alarm 
(0.30) (0.10) 

PdI-901 Beam room 74.6 None None 
(0.30) 

PdI-902 Experiment bay 74.6 None None 
(0.30) 

The nominal differential is -74.6 Pa (-0.3 in. t^O). 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 air Intakes to minimize the fluctuations. The 
reactor bay is provided with air-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. H20). 
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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 
circuits 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 maintains 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 105C (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. In the event of battery 
charger failure 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. 
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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. 

1. 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 oil-pressure gauge, 
2. cooling water temperature gauge, 
3. fuel pressure gauge, 
A. service meter, and 
5. lubricating oil-level gauge. 
Abnormal engine operating conditions are indicated locally by a 

buzzer and indicating lights and remotely in the main control room by an 
annunciator on panel "HI," Conditions which cause actuation of the 
annunciator are: 
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1. high cooling-water temperature 98°G (209°F); 
2. low lubricating oil presure (below normal but not serious 

enough to require immediate engine shutdown) [<124 kPa (18 
psig)]; 

3. low fuel oil pressure [<82.7 kPa (12 psig)]; 
4. engine overspeed (This condition shuts the engine down and 

requires resetting of the overspeed relay and rack solenoid. 
Should this fail, a mechanical overspeed device set at a 
slightly higher speed will shut down the engine.); 

5. 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).]; 

6. overcranking (When this alarm occurs, the engine has completed 
the three 15-s cranking cycles and has not started.); and 

7. rack solenoid in the "Stop" position. 
The following generator instrumentaiton and controls are provided 

locally on the diesel-generator control panel: 
1. voltmeter and associated switch which permits reading the three 

phase-to-phase output voltage, 
2. wattmeter which displays the power output, 
3. ammeter and associated switch to permit reading the output 

current for each phase, 
4. frequency meter which indicates the line frequency, 
5. running time integrator which maintains a record of operating 

time, 
6. a voltage regulator control switch to permit selecting the mode 

of voltage regulator control (In the "Auto" position, the 
voltage is 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 the "Manual" position the voltage is controlled by a 
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rheostat located at the center of the panel. The "Test" mode 
is used for testing the voltage regulator output during main-
tenance. ); 

7. main generator breaker [NOTE: This breaker must always be in 
the closed position during reactor operation.]; and 

8. test loading circuit breaker (This breaker is used to test load 
the diesel generator using the building lighting system as the 
load. An Interlock permits testing only one generator at a 
time.). 

Normal—emergency switchgear. Normal-emergency switchgear consists 
of ihe automatic transfer switch, six circuit breakers with 125-V dc 
control power, a sequence-closing timer, and a multipole auxiliary 
relay. The following controls and instrumentation are provided locally: 

1. two red, automatic transfer switch position-indicating lights— 
one marked "Normal" and the other marked "Emergency;" 

2. a cricuit breaker control switch and red and green position-
indicating lights for each feeder breaker (When the red light 
is on, the breaker is closed; when the green light is on, the 
breaker is open.); 

3. a white light to indicate that power is available for operating 
the timer when required; and 

4. 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. three red lights which indicate that the diesel-generator is 
running, 

2. red and green position-Indicating lights for the generator main 
breakers, 



7-6 

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 is Identical to the No. 1 system, 
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 motor 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 air compressor located adjacent to the diesel—generator. 

Air receiver. 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 main control room to indicate low starting air pressure. 
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Air compressor. The air compressor is controlled by a "Run-Off-
Automatic" selector switch. In the "Run" position the compressor operates 
continuously. In the "Automatic" position 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. F0T-1, a 15,140-1 (4,000-gal) capacity storage tank, located 

underground just south of the electrical building; 
2. F0T-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 is equipped with a 

5.1-cm (2-in.) level-gauge opening, a 3.8-cm (1 1/2-in.) vent line with 
flame arrestor, a 3.8-cm (1 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-
oil 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. 

Pay tanks FOT-2 and F0T-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. Oil is 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 operation. 

A spring-loaded valve is located in the fuel-oil supply line from 
the day tank to the diesel engine. This valve is held open by mechani-
cally attached fusible links 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 
control room upon low fuel-oil level. Level indicators LI-634 and 
LI-636 indicate locally the level inside FOT-2 and FOT-3, respectively. 

Transfer pumps PU-1 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 controlled by a "Run-
Off-Automatic" selector switch. In the "Automatic" position, PU-1 is 
controlled by level switch LS-633, located on FOT-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 90% full 
and are stopped when the level reaches approximately 95% 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. In this case manual 
control of the pump is necessary. 
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8.2 Battery-Powered Pony Motors 

8.2.1 References 

Drawings: 
1546-01-E-2007 One Line Diagrams, Fail-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 of 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 directly to the ac motor shafts of the main primary coolant 
pumps. The pony motors ata rated at 3 hp, 31.0 A full load current. One 
pony-motor pump delivers 6056 1/min C f 600 gpm), two deliver 7949 1/min 
(2100 gpm), and three deliver 9084 1/mln (2400 gpm). 

Each pony motor is supplied from a 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 is sufficient 
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to drive the pump at a reduced speed (270 rpm). No manual or automatic 
operation Is necessary for the transfer of load from the main ac motor 
to the dc 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 associated 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 pony 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 variable 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 annunciator 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 annunciators 
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" 
1546-0l-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 Introduction 
The instrument power system supplies power for all process and nuclear 

instrumentation at the HFIR. The system is 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 failure, 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. Two such applica-
tions are: 

1. 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 is 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 
changers to ensure adequate charging to each half of the bank regardless 
of the current drain 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 given 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 failure of any one of the six battery chargers in the instrument 
power system, a single common annunciator 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). 
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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, safety system No. 2; 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 circuitry 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 Introduction 

The auxiliary pressurizer pump, PU-11, is a high speed, centrifugal-
type pump and is 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 1/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. In 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-Off" 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 

Equipment 
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% of full power during a 
normal-power outage. 

8.5.3 Controls 

The pump is provided with a "Run-Automatic-Off" switch for the low-
speed winding and an "On-Neutral-Off" 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 
"Off" position. 

8.6 Fire-Protection Systems 

8.6.1 References 

D r a w i n g s : 

1546-0l-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 systems. 

8.6.3 Cooling-tower area 
Master box No. 1 (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 air 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. 



7-19 

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 manual 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. 
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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 

2 
3 

Cooling tower and 
cooling tower 
equipment building 
Electrical building Heat detector 

Actuating device or condition 
Heat detectors and water-flow 
switch 

Action* 
Alarm and fan 
shutdown 

Alarm 
Dry-pipe system 
supervision 
(trouble) 

Spare 

High or low air pressure, low Trouble bell 
water pressure, and water 
valve closed 

*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 

Actuating Device or Condition 
Heat detector 

vision (trouble) low water pressure, and 
water valve closed 

Action* 
Alarm and shut-
down of UV-1 
and FN-5 

2 First floor Heat detector Alarm 
3 Second floor Heat detector Alarm 
4 Third floor Heat detector Alarm 
5 Water flow Water-flow switch Alarm 
6 Pre-action super- High or low air pressure, Trouble 

*Zones 1 through 5 cause: (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 Alarm 
water-flow switch 
Low water pressure or water 
valve closed 

Trouble bell 

Alarm Code 8422 — Trouble alarm for area (master box No. 4) 

Zone Location 
1 Master box No. 1 
2 Master box No. 2 
3 Master box No. 3 

Action 
Fire alarm and trouble bell 
Fire alarm and trouble bell 
Fire alarm and trouble bell 
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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). In 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. It 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 tho. Laboratory Shift Supervisor and 
dispatches the emergency service units needed (fire, guard, etc.). 

8.7.2 Fire Department 

The Fire Department contains 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 extinguisher 
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 emergency calls. 

F i r e - f i g h t i n g r u l e s 

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 horn. 

c . D i r e c t t h e F i r e D e p a r t m e n t p e r s o n n e l t o t h e s c e n e o f t h e f i r e . 

8.7.3 Guard Department 

The Guard Department headquarters is 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 
ambulance 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 considerable maintenance. 
To obtain the services of the Plant and Equipment Division, a 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 for 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 
radioactivity. Five 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 roomt 12 
Room G-5t 13 
Room G-l 14 
Experiment roomt 15 
Room 103t 16 
Reactor bay, southeast! 17 
Reactor bay, northwestt 18 
Third level 19 

*The monitrons in these locations are connected to the 
facility radiation alarm system. 

tAll constant air 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 is detected by a monitron or constant 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: 

1. 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. If a radiation level of 23 mr/h is 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 air 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 is 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 momentarily dim while the button is depressed and then will 
become bright and the annunciator will sound again when the reset button 
is 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 abnormal 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 to a "Caution-
Alarm Level" will start the annunciator. After it is 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 monitrons or air monitors, five air horns 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 is 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 che evaucation air 
horns and beacons and sends an alarm signal to the Emergency Control 
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 period 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. insertion 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 system. 

The most efficient use of the poison 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 is provided to eliminate 
making "on-the-spot" calculations during restart of the reactor and to 
simplify the restart procedure. 

At any time during 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 
at 100 MW 

Power escalation on restart Time operated 
at 100 MW 1st step 2nd step 

Days MW Hours MW 
<1 42 1 3/4 100 
1 to 8 70 1 1/2 100 
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 expanded 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 



ORNL-DWG. 82-16875 

Fig. 8.1. Waiting cime and permissible power levels, zero to 14 days. 
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F i g . 8 . 2 . W a i t i n g t i m e and p e r m i s s i b l e power l e v e l s , z e r o t o 24 h o u r s . 



F i g . 8 . 3 . P o i s o n i n j e c t i o n s y s t e m . 
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d i s c h a r g e s t h r o u g h t h e t h i r d v a l v e t o a f l o o r d r a i n . The v a l v e d i s c h a r g -

i n g t o t h e f l o o r d r a i n i s n o r m a l l y open w h i l e t h e o t h e r two a r e n o r m a l l y 

c l o s e d . A l e a k t o t h e f l o o r d r a i n p r o b a b l y w o u l d i n d i c a t e r ie o f t h e 

i n j e c t i o n v a l v e s i s l e a k i n g . 

T h e s e t h r e e v a l v e s h a v e i n d i v i d u a l o p e r a t o r s , and t h e y can be manu-

a l l y o p e r a t e d l o c a l l y . T h e v a l v e s a r e d e s i g n e d , h o w e v e r , t o be o p e r a t e d 

r e m o t e l y f r o m t h e m a i n c o n t r o l room. R e c e s s e d i n t h e c o n t r o l p a n e l 

b e h i n d a s m a l l d o o r a r e t h r e e a c t u a t i n g k n o b s . T h e s e t h r e e k n o b s must 

be p u l l e d i n t h e o u t w a r d d i r e c t i o n t o s u p p l y a i r t o v a l v e o p e r a t o r s and 

t h u s i n j e c t t h e p o i s o n . T h i s o p e r a t i o n opens t h e n o r m a l l y c l o s e d i n j e c -

t i o n v a l v e s and c l o s e s t h e n o r m a l l y open t e s t and d r a i n v a l v e . S h o u l d 

t h e t e s t and d r a i n v a l v e f a i l t o c l o s e , e s s e n t i a l l y a l l p o i s o n w i l l be 

i n j e c t e d , s i n c e t h i s l i n e has a p i p e cap o v e r i t s e . d w i t h o n l y a s m a l l 

h o l e i n i t t o t h e f l o o r d r a i n . 

An o r i f i c e i s l o c a t e d i n t h e 5 . 1 - c m ( 2 - i n . ) i n j e c t i o n l i n e n e a r t h e 

s t o r a g e t a n k . T h i s o r i f i c e i s s i z e d t o p e r m i t a f l o w r a t e o f a p p r o x i -

m a t e l y 3 . 8 1 / s ( 1 g p s ) w h i c h r e s u l t s i n p o i s o n i n j e c t i o n o v e r a p e r i o d 

o f a p p r o x i m a t e l y 1 0 0 s . S i n c e t h e p r i m a r y s y s t e m c o o l a n t c y c l e t i m e i s 

l e s s t h a n 50 s , t h i s a s s u r e s e v e n d i s t r i b u t i o n o f p o i s o u t h r o u g h o u t t h e 

s y s t e m . 

A s i g h t g l a s s l i q u i d l e v e l i n d i c a t o r i s l o c a t e d on t h e s t o r a g e t a n k 

so t h a t t h e o p e r a t o r who a c t u a t e s t h e s y s t e m may o b s e r v e t h a t t h e s o l u -

t i o n i s b e i n g i n j e c t e d . 

A 1 . 3 - c m ( l / 2 - i n . ) r e c i r c u l a t i n g l i n e w h i c h i s w r a p p e d w i t h e l e c t r i -

c a l r e s i s t a n c e h e a t e r t a p e t e e s o f f t h e i n j e c t i o n l i n e a t g r o u n d f l o o r 

l e v e l and r e t u r n s t o t h e t o p o f t h e s t o r a g e t a n k . The s o l u t i o n i s 

r e c i r c u l a t e d t h r o u g h t h i s l i n e a t a p p r o x i m a t e l y 0 . 4 1 / m i n ( 0 . 1 gpm) by 

t h e r m a l c o n v e c t i o n t o k e e p t h e cadmium n i t r a t e f r o m p r e c i p a t i n g . 
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S i n c e cadmium n i t r a t e i s t o x i c , t h e s t o r a g e t a n k i s v e n t e d t o t h e 

open h o t o f f - g a s s y s t e m . 

P e r i o d i c c h e c k s a r e made t o a s s u r e t h a t t h e s t o r a g e t a n k r e m a i n s 

f u l l and t h a t t h e s o l u t i o n r e m a i n s a t I t s p r o p e r c o n c e n t r a t i o n . 

H a n d o p e r a t e d g a t e v a l v e s a r e l o c a t e d b o t h u p s t r e a m and d o w n s t r e a m 

o f t h e t h r e e i n j e c t i o n v a l v e s so t h a t t h e s y s t e m may be t e s t e d p e r i o d i -

c a l l y d u r i n g r e a c t o r s h u t d o w n w i t h o u t i n j e c t i n g t h e p o i s o n . T h e s e 

v a l v e s a r e l o c k e d o p e n w i t h a c h a i n and p a d l o c k w h i l e t h e r e a c t o r i s 

o p e r a t i n g . 
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9 . WASTE SYSTEMS 

9 . 1 S a n i t a r y W a t e r D i s p o s a l S y s t e m 

9 . 1 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 1 - U - 7 1 1 2 Y a r d P i p i n g 

1 5 4 6 - 0 l - U - 7 1 1 4 Y a r d P i p i n g 

1 5 4 6 - 0 1 - U - 7 1 1 5 Y a r d P i p i n g 

1 5 4 6 - 0 l - U - 7 3 1 0 Sewage T r e a t m e n t P l a n t 

1 5 4 6 - 0 1 - U - 7 1 2 4 S a n i t a r y Sewer D e t a i l s 

S i n g r a a s t e r & B r e y e r S p e c i f i c a t i o n s : 

76 S a n i t a r y Sewer S y s t e m 

90 Sewage T r e a t m e n t P l a n t E q u i p m e n t 

9 . 1 . 2 I n t r o d u c t i o n 

The s a n i t a r y sewage d i s p o s a l s y s t e m c o l l e c t s , t r e a t s , and d i s p o s e s 

o f w a s t e s f r o m d r a i n s i n t h e r e a c t o r b u i l d i n g and t h e o f f i c e and m a i n -

t e n a n c e b u i l d i n g . S a n i t a r y w a s t e d r a i n a g e f r o m t h e b u i l d i n g e m p t i e s 

i n t o manho le S A - 1 , l o c a t e d a p p r o x i m a t e l y 3 9 . 6 m ( 1 3 0 f t ) s o u t h o f t h e 

r e a c t o r b u i l d i n g , b e f o r e d r a i n i n g i n t o t h e sewage d i s p o s a l u n i t as shown 

i n d r a w i n g 1 5 4 6 - 0 1 - U - 7 1 1 4 . C l e a n - o u t a c c e s s e s a r e p r o v i d e d a t e a c h 

i n t e r s e c t i o n o f t h e d r a i n l i n e s . 

9 . 1 . 3 D e s c r i p t i o n o f t h e sewage t r e a t m e n t p l a n t 

As t h e raw sewage f l o w s i n t o t h e p l a n t , i t p a s s e s t h r o u g h a com-

m i n u t e r w h i c h c u t s t h e s o l i d s i n t o s m a l l p a r t i c l e s so t h a t t r e a t m e n t c a n 

m o r e e a s i l y be e f f e c t e d . A f t e r t h e c o a r s e s o l i d s a r e e l i m i n a t e d , t h e 

sewage f l o w s t o t h e a e r a t o r t a n k w h e r e i t i s m i x e d w i t h a i r and s e t t l e d 

s o l i d s w h i c h h a v e b e e n r e t u r n e d f r o m t h e c l a r i f i e r . A i r i s a d d e d i n 

s u c h a manner as t o c r e a t e a n o v e r t u r n i n g , c i r c u l a t o r y m o t i o n i n t h e 

l i q u i d c o n t e n t s . A f u r t h e r f u n c t i o n o f t h i s a i r i s t o s a t u r a t e t h e 



9-2 

m i x e d c o n t e n t s w i t h o x y g e n w h i c h i s r e q u i r e d f o r t h e o x i d a t i o n o f t h e 

s e w a g e . T h e sewage t h e n o v e r f l o w s f r o m t h e a e r a t o r t a n k i n t o t h e 

c l a r i f i e r t a n k . 

S o l i d s and l i q u i d s a r e s e p a r a t e d i n t h e c l a r i f i e r t a n k by a s e t t l i n g 

p r o c e s s . The l i q u i d o v e r f l o w s t h r o u g h t h e e f f l u e n t t r o u g h i n t o t h e 

c h l o r i n e c o n t a c t t a n k w h e r e i t i s d i s i n f e c t e d w i t h a c h l o r i n e s o l u t i o n . 

T h e a c t i v a t e d s l u d g e f r o m t h e s e p a r a t i o n c o n s i s t s o f f l u f f y p a r t i c l e s 

w h i c h h a v e s e t t l e d t o t h e b o t t o m o f t h e c l a r i f i e r t a n k . The s l u d g e i s 

r e m o v e d f r o m t h e c l a r i f i e r by an a i r l i f t a r r a n g e m e n t and r e t u r n e d t o 

t h e a e r a t o r t a n k w h e r e i t a i d s i n d e c o m p o s i n g t h e I n c o m i n g r a w s e w a g e . 

I n t h e e v e n t s l u d g e a c c u m u l a t i o n o c c u r s i n t h e c l a r i f i e r t a n k , i t c a n be 

t r a n s f e r r e d , by t h e s l u d g e r e c i r c u l a t i o n pump t h r o u g h bypass p i p i n g , t o 

a s l u d g e s t o r a g e h o p p e r l o c a t e d on t h e e x t r e m e s o u t h end o f t h e d i s p o s a l 

u n i t . 

9 . 2 P r o c e s s W a s t e S y s t e m 

9 . 2 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 1 4 

1 5 4 6 - 0 5 - U - 7 1 1 5 

1 5 4 6 - 0 5 - U - 7 1 2 6 

1 5 4 6 - 0 5 - U - 7 1 2 8 

1 5 4 6 - 0 5 - U - 7 1 3 0 

1 5 4 6 - 0 5 - U - 7 1 4 5 

1 5 4 6 - 0 5 - U - 7 3 0 6 

Y a r d P i p i n g 

Y a r d P i p i n g 

V a l v e B o x e s and M o n i t o r B o x e s - D e t a i l s 

P r o c e s s W a s t e and ILW - D e t a i l s 

P r o c e s s W a s t e Sump 

F l o w D i a g r a m , P r o c e s s W a s t e and ILW 

P r o c e s s W a s t e B a s i n s 

S i n g m a s t e r & B r e y e r S p e c i f i c a t i o n s : S e c t i o n 75 P r o c e s s W a s t e 

9 . 2 . 2 I n t r o d u c t i o n 

T h e p r o c e s s w a s t e s y s t e m r e c e i v e s l i q u i d w a s t e s o f l o w - l e v e l 

r a d i o a c t i v i t y , t h a t i s , w a s t e s o t h e r t h a n s a n i t a r y , s t o r m d r a i n a g e , and 
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t h o s e w a s t e s h a v i n g an a p p r e c i a b l e amount o f r a d i o a c t i v i t y . P r o c e s s 

w a s t e s a r e f r e q u e n t l y f r e e o f c o n t a m i n a t i o n ; h o w e v e r , t h e s e w a s t e s o r i -

g i n a t e f r o m s o u r c e s s u c h as e q u i p m e n t d r a i n s , e x p e r i m e n t d r a i n s , and 

f l o o r d r a i n s i n t h e r e a c t o r b u i l d i n g , f i l t e r p i t , and c o o l i n g t o w e r 

a r e a s w h i c h e i t h e r c o n t a i n o r may c o n t a i n , b e c a u s e o f l e a k s , s p i l l s , 

e t c . , l o w l e v e l s o f r a d i o a c t i v i t y . 

9 . 2 . 3 C o l l e c t i o n s y s t e m 

1 . F l o o r d r a i n s 

E a c h d r a i n i s p r o v i d e d w i t h a t r a p , s e d i m e n t b u c k e t , and 

c l e a n o u t . F l o o r d r a i n s i n t h e r e a c t o r b a y , e x p e r i m e n t room, 

beam r o o m , and p r o c e s s - e q u i p m e n t rooms o f t h e r e a c t o r b u i l d i n g 

g e n e r a l l y a r e l o c a t e d a t t h e c o l u m n s . I n o t h e r a r e a s , s u c h as 

t h e h e a t i n g and v e n t i l a t i n g and e l e c t r i c a l r o o m s , s h i e l d e d -

c o m p a r t m e n t a r e a s , and p i p e t u n n e l s , t h e f l o o r d r a i n s a r e n o t 

n e c e s s a r i l y a t t h e co lumns b u t a r e c o n v e n i e n t l y l o c a t e d w i t h 

r e g a r d t o t h e p o t e n t i a l s o u r c e o f w a s t e . A. s p e c i a l sump I n t h e 

b o t t o m o f t h e e l e v a t o r p i t i s d r a i n e d t o t h e s y s t e m by s t e a m 

j e t s . 

2 . E x p e r i m e n t d r a i n s 

a . E x p e r i m e n t s t a t i o n 

I n d i v i d u a l d r a i n c o n n e c t i o n s a r e l o c a t e d a t e a c h o f 

t h e p o o l e x p e r i m e n t s t a t i o n s . When a n e x p e r i m e n t i s s e t 

u p , a t e m p o r a r y c o n n e c t i o n i s made b e t w e e n t h e e x p e r i m e n t 

and t h e p r o c e s s - w a s t e d r a i n l o c a t e d a t f l o o r l e v e l . 

b . Beam room 

A d r a i n c o n n e c t i o n i s l o c a t e d n e a r t h e s h i e l d i n g w a l l 

a t e a c h beam p o r t and i n t h e f l o o r n e a r b y b u t n o t d i r e c t l y 

i n f r o n t o f t h e beam c a v i t y . I n s i d e t h e c a v i t y , p i p i n g i s 
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a v a i l a b l e f o r a t e m p o r a r y c o n n e c t i o n t o t h e p r o c e s s — w a s t e 

s y s t e m . 

3 . P r o c e s s w a s t e sump 

T h i s 3 7 8 5 - 1 ( 1 0 0 0 - g a l ) sump p i t c o l l e c t s w a s t e s f r o m t h e 

s u b p i l e r o o m , p r i m a r y h e a t - e x c h a n g e r s h e l l d r a i n s , h e a t -

e x c h a n g e r - c e l l f l o o r d r a i n s , and t h e SBHE d r i p d r a i n s b e c a u s e 

t h e y a r e l o c a t e d b e l o w t h e e l e v a t i o n a t w h i c h t h e m a i n h e a d e r 

l e a v e s t h e b u i l d i n g . I t a l s o c o l l e c t s a n y o v e r f l o w f r o m t h e 

ILW s t o r a g e t a n k . The sump i s e m p t i e d by two s t e a m j e t s w h i c h 

a r e a u t o m a t i c a l l y o p e r a t e d by l e v e l s w i t c h e s t o k e e p t h e l i q u i d 

l e v e l i n t h e sump b e t w e e n t h e e l e v a t i o n s o f 2 3 9 a n d 2 4 0 m ( 7 8 5 

a n d 7 8 8 f t ) . E a c h j e t i s d e s i g n e d t o d i s c h a r g e 3 7 9 1 / m i n ( 1 0 0 

gpm) a g a i n s t a h e a d o f 9 . 1 4 m ( 3 0 f t ) . T h e j e t t e d w a s t e i s 

d e l i v e r e d t o t h e p r o c e s s w a s t e m a i n h e a d e r w h i c h l e a v e s t h e 

r e a c t o r b u i l d i n g on t h e w e s t s i d e . 

P r o c e s s w a s t e s f r o m a l l s o u r c e s i n t h e r e a c t o r - b u i l d i n g a r e a a r e 

c o l l e c t e d i n common h e a d e r s w h i c h d i s c h a r g e i n t o a p r o c e s s w a s t e m a i n 

h e a d e r l o c a t e d a t t h e s o u t h w e s t c o r n e r o f t h e r e a c t o r b u i l d i n g u n d e r t h e 

f l o o r o f t h e beam r o o m . T h e p r o c e s s w a s t e m a i n h e a d e r l e a v e s t h e b u i l d -

i n g on t h e w e s t s i d e t o e n t e r t h e p r o c e s s w a s t e d i s p o s a l s y s t e m . W a s t e s 

f r o m t h e c o o l i n g t o w e r a r e a a r e c o l l e c t e d i n a common h e a d e r and a r e 

d i s c h a r g e d a t t h e w e s t end o f t h e c o o l i n g t o w e r . 

9 . 2 . 4 D i s p o s a l s y s t e m 

S i n c e t h e r e a r e two f l o w p a t t e r n s of p r o c e s s w a s t e , one f r o m t h e 

r e a c t o r b u i l d i n g and one f r o m t h e c o o l i n g t o w e r a r e a , t h e y w i l l be 

d i s c u s s e d s e p a r a t e l y ( s e e F i g . 9 . 1 ) . 
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ORNL-OVKS 63-951 

HOG FILTER PITS 

EXPT CONNECTIONS 

PRIMARY COOLANT HEAD TANK 

POOL FILTER 

PRIMARY COOLANT CLEANUP SYSTEM 

POOL CLEANUP SYSTEM 

PRIMARY COOLANT DEAERATOR OVERFLOW 

S B H E FILTER PITS 

FLOOR DRAINS AND SINKS 

PRIMARY COOLANT CI E A N U P SYSTEM 

POOL CLEANUP SYSTEM 

POOL SURGE TANK 

POOL WATER STORAGE TANK 

— SUBPLLE ROOM 

PRIMARY COOLANT EXCHANGERS 

SBHE DRIP DRAINS 

VIA CLINCH RIVER MELTON BRANCH 

F i g . 9 . 1 . L i q u i d w a s t e s y s t e m . 
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1 . R e a c t o r b u i l d i n g a r e a 

T h e n o r m a l f l o w o f p r o c e s s w a s t e f r o m t h i s a r e a i s t h r o u g h 

v a l v e b o x No . 3 t o v a l v e box N o . 2 a n d on t o r e t e n t i o n pond 

N o . 1 . V a l v e box N o . 3 c o n t a i n s : 

a . M o n i t o r box N o . 2 , w h i c h i s composed of a w e i r f o r f l o w 

m e a s u r e m e n t , a p r o p o r t i o n a l s a m p l e r w h i c h c o l l e c t s s a m p l e s 

f o r l a b o r a t o r y a n a l y s i s , a r a d i a t i o n d e t e c t o r , and r e c o r d -

i n g and c o n t r o l l i n g i n s t r u m e n t a t i o n . 

b . V a l v e F C V - 7 0 0 ( t o t h e ILW s t o r a g e t a n k — n o r m a l l y c l o s e d ) . 

c . V a l v e F C V - 7 0 1 ( t o v a l v e box No . 2 — n o r m a l l y o p e n ) . 

F l o w c o n t r o l v a l v e s 7 0 0 and 7 0 1 may b e o p e r a t e d e i t h e r m a n u a l l y 

o r r e m o t e l y f r o m t h e c o n t r o l room. 

V a l v e b o x N o . 2 c o n t a i n s m o t o r d r i v e n , a u t o m a t i c a l l y o p e r -

a t e d d i v e r s i o n v a l v e s F C V - 7 0 3 A ( n o r m a l l y o p e n t o pond N o . 1 ) 

a n d F C V - 7 0 3 B ( n o r m a l l y c l o s e d t o pond N o . 2 ) . N o r m a l o p e r a t i o n 

i s a u t o m a t i c , b u t t h e y may be o p e r a t e d m a n u a l l y i f n e c e s s a r y . 

2 . C o o l i n g t o w e r a r e a 

T h e n o r m a l f l o w o f b lowdown f r o m t h e c o o l i n g t o w e r i s 

t h r o u g h v a l v e box N o . 1 and on t o m a n h o l e S - 2 w h e r e i t m i x e s 

w i t h s t o r m d r a i n and s a n i t a r y d i s p o s a l s y s t e m e f f l u e n t b e f o r e 

b e i n g d i s c h a r g e d t o M e l t o n B r a n c h . V a l v e box N o . 1 c o n t a i n s 

f l o w c o n t r o l v a l v e s F C V - 7 0 2 A ( t o pond N o . 1 — n o r m a l l y c l o s e d ) 

a n d F C V - 7 0 2 B ( t o M e l t o n B r a n c h — n o r m a l l y o p e n ) . A l s o l o c a t e d 

i n v a l v e b o x N o . 1 i s m o n i t o r box No . 1 w h i c h I s s i m i l a r t o t h e 

p r e v i o u s l y d i s c u s s e d m o n i t o r box N o . 2 . 
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3 . T h e m o n i t o r i n g s y s t e m 

a . M o n i t o r b o x N o . 2 

A r a d i o a c t i v i t y m o n i t o r s a m p l e s t h e w a s t e and i n i t i a t e s 

a s i g n a l w h i c h i s r e c o r d e d b o t h l o c a l l y and r e m o t e l y i n t h e 

c o n t r o l r o o m . I t i s t h i s s i g n a l t h a t c a u s e s t h e c o n t r o l l e r 

t o o p e r a t e t h e d i v e r s i o n v a l v e s i n v a l v e box N o . 2 t o c h a n g e 

t h e f l o w f o r m pond N o . 1 t o pond N o . 2 . T h e r e c o r d e r has 

two a c t i v i t y - l e v e l s w i t c h e s w h i c h a c t i n t h e f o l l o w i n g 

o r d e r : 

( 1 ) A c t i v i t y b e l o w t h e l o w - l e v e l s w i t c h s e t t i n g : The f l o w 

i s n o r m a l l y t h r o u g h F C V - 7 0 1 i n v a l v e box N o . 3 and 

F C V - 7 0 3 A I n v a l v e b o x N o . 2 t o r e t e n t i o n pond N o . 1 . 

( 2 ) A c t i v i t y a b o v e t h e l o w - l e v e l s w i t c h s e t t i n g and b e l o w 

t h e h i g h - l e v e l s w i t c h s e t t i n g : T h e c o n t r o l l e r a u t o -

m a t i c a l l y c l o s e s F C V - 7 0 3 A a n d o p e n s F C V - 7 0 3 B , i n v a l v e 

box N o . 2 , d i v e r t i n g t h e f l o w t o r e t e n t i o n pond N o . 2 . 

The change i s a l s o a n n u n c i a t e d i n t h e c o n t r o l room. 

( 3 ) A c t i v i t y above t h e h i g h - l e v e l s w i t c h s e t t i n g : The 

h i g h e r r e a d i n g i s a n n u n c i a t e d i n t h e c o n t r o l room and 

t h e o p e r a t o r m a n u a l l y c l o s e s F C V - 7 0 1 t o t h e r e t e n t i o n 

ponds and opens F C V - 7 0 0 t o t h e ILW s t o r a g e t a n k . 

b . M o n i t o r b o x N o . 1 

A r a d o a c t i v i t y m o n i t o r s a m p l e s t h e w a s t e and i n i t i a t e s 

a s i g n a l w h i c h i s r e c o r d e d b o t h l o c a l l y and i n t h e c o n t r o l 

r o o m . T h i s r e c o r d e r has o n l y one a c t i v i t y l e v e l s w i t c h 

w h i c h o p e r a t e s t h e c o n t r o l l e r as f o l l o w s : 
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( 1 ) A c t i v i t y b e l o w t h e l e v e l s w i t c h s e t t i n g : The f l o w i s 

n o r m a l t h r o u g h F C V - 7 0 2 B t o M e l t o n B r a n c h . 

( 2 ) A c t i v i t y above t h e l e v e l s w i t c h s e t t i n g : T h e c o n t r o l -

l e r a u t o m a t i c a l l y c l o s e s F C V - 7 0 2 B and o p e n s F C V - 7 0 2 A 

w h i c h d i v e r t s t h e f l o w t o r e t e n t i o n pond N o . 1 . T h i s 

a c t i o n I s a n n u n c i a t e d i n t h e c o n t r o l r o o m . 

4 . R e t e n t i o n ponds 

T h e s e p o n d s , l o c a t e d a b o u t 7 6 m ( 2 5 0 f t ) s o u t h o f t h e 

r e a c t o r b u i l d i n g , a l l o w l o w - l e v e l w a s t e s t o be r e t a i n e d l o n g 

e n o u g h f o r n a t u r a l d e c a y and s e t t l i n g , 

a . Pond N o . 1 

T h i s pond p r o v i d e s s t o r a g e f o r 9 0 8 , 4 0 0 1 ( 2 4 0 , 0 0 0 g a l ) 

o f l i q u i d w a s t e ; a v o l u m e e s t i m a t e d t o be a d e q u a t e t o g i v e 

a min imum r e t e n t i o n p e r i o d o f 12 h o u r s u n d e r n o r m a l c o n d i -

t i o n s . N o r m a l l y , a l l p r o c e s s w a s t e s f o r m t h e r e a c t o r -

b u i l d i n g a r e a e n t e r t h i s p o n d . T h e r e i s t r e a t m e n t f o r pH 

n e u t r a l i t y ; d e c o n t a m i a n t i o n i s by d e c a y and s e t t l i n g . 

I n f l u e n t w a s t e e n t e r s t h e pond w i t h an u p w a r d f l o w 

t h r o u g h a 6 1 - c m - d i a m ( 2 4 - i n . ) v i t r i f i e d c l a y p i p e t h a t 

p i e r c e s t h e n o r t h bank a t e l e v a t i o n 2 4 3 . 4 m ( 7 9 8 . 5 f t ) . 

T h e p i p e e x t e n d s upward f r o m t h e bank t o t h e e l e v a t i o n 

2 4 3 . 7 m ( 7 9 9 . 5 f t ) w h i c h i s 76 cm ( 2 1 / 2 f t ) a b o v e t h e 

p o n d b o t t o m and 137 cm ( 4 1 / 2 f t ) b e l o w t h e maximum h i g h -

w a t e r l e v e l . T h e upward f l o w o f t h e i n f l u e n t w a s t e t e n d s 

t o e l i m i n a t e s h o r t - c i r c u i t i n g o f t h e f l o w t h r o u g h t h e 

p o n d . 
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On t h e o p p o s i t e s i d e o f t h e p o n d , t h e e f f l u e n t l e a v e s 

t h r o u g h a f l e x i b l e 2 0 . 3 - c m - d i a m ( 8 - i n . ) , 3 . 6 6 - m - l o n g ( 1 2 - f t ) 

r u b b e r s u c t i o n h o s e . T h i s h o s e i s c o u p l e d t o an 2 0 . 3 - c m 

( 8 - i n . ) p i p e w h i c h r u n s u n d e r t h e s o u t h embankment , a t 

e l e v a t i o n 2 4 . 9 m ( 7 9 6 . 9 f t ) , t o v a l v e s w h i c h a r e used t o 

r e g u l a t e t h e f l o w . The i n f l u e n t end o f t h e hose i s r a i s e d 

o r l o w e r e d by a w i n c h and c a b l e mechan ism t h u s c o n t r o l l i n g 

t h e pond l e v e l w i t h t h e h e i g h t o f t h i s end o f t h e h o s e . 

T h e h o s e may be l o w e r e d i n t o a s p e c i a l sump a t e l e v a t i o n 

2 4 2 . 8 m ( 7 9 6 „ 5 f t ) s h o u l d i t become a d v i s a b l e t o d r a i n t h e 

pond c o m p l e t e l y . 

A f t e r l e a v i n g t h e p o n d , t h e e f f l u e n t f l o w s t o m a n h o l e 

S - l w h e r e i t combines w i t h w a s t e f r o m t h e s t o r m and s a n i t a r y 

sewer s y s t e m s b e f o r e b e i n g d i s c h a r g e d t o M e l t o n B r a n c h , 

b . Pond N o . 2 

R e t e n t i o n pond N o . 2 i s u s e d t o impound w a s t e o f a 

h i g h e r a c t i v i t y l e v e l t h a n t h a t n o r m a l l y d i s c h a r g e d i n t o 

pond N o . 1 b u t o f l o w e r a c t i v i t y l e v e l t h a n t h a t n o r m a l l y 

p r o c e s s e d by t h e ILW s y s t e m . As d i s c u s s e d p r e v i o u s l y , when 

t h e a c t i v i t y o f t h e w a s t e t h r o u g h m o n i t o r s t a t i o n N o . 2 i s 

a b o v e t h e f i r s t s e t p o i n t b u t b e l o w t h e s e c o n d s e t p o i n t , 

t h e w a s t e i s a u t o m a t i c a l l y d i v e r t e d t o pond N o . 2 . T h e 

1 , 8 9 0 , 0 0 0 - 1 ( 5 0 0 , 0 0 0 - g a l ) s t o r a g e c a p a c i t y o f t h i s pond a l s o 

makes i t c a p a b l e o f i m p o u n d i n g e x t r e m e f l o w s such as m i g h t 

r e s u l t f r o m t h e s p r i n k l e r s y s t e m a n d / o r f i r e - f i g h t i n g e q u i p -

ment i n c o n t a m i n a t e d a r e a s . 
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I n f l u e n t w a s t e s e n t e r a t t h e n o r t h e a s t c o r n e r o f t h e 

pond t h r o u g h a s y s t e m i d e n t i c a l t o t h a t i n pond N o . 1 , and 

t h e e f f l u e n t l e a v e s a t t h e s•:"."•-hwest c o r n e r o f t h e pond 

t h r o u g h a f l e x i b l e s u c t i o n r o s e s y s t e m a l s o i d e n t i c a l t o 

t h a t i n pond N o . 1 . H o w e v e r , i n t h i s c a s e , t h e e f f l u e n t 

s t r e a m does n o t m i x w i t h yasctr...-'. f r o m t h e s t o r m and s a n i -

t a r y s y s t e m b u t i s discharge••£ '„o a r i p - r a p l i n e d d r a i n a g e 

d i t c h s o u t h o f t h e embankment , 

c . L a b o r a t o r y - w i d e w a s t e c o l l e c t i o n s y s t e m 

B o t h r e t e n t i o n ponds can be pumped i n t o t h e l a b o r a t o r y -

w i d e w a s t e c o l l e c t i o n s y s t e m . T h e d i s c h a r g e f r o m e a c h pond 

c a n be v a l v e d i n t o pumps w h i c h r e t u r n t h e l i q u i d t o t h e 

m a i n ORNL a r e a f o r t r e a t m e n t . A l l r e t e n t i o n pond e f f l u e n t 

w h i c h c o n t a i n s r a d i o a c t i v i t y a b o v e t h e b a c k g r o u n d l e v e l i s 

r e t u r n e d t o t h e l a b o r a t o r y - w i d e w a s t e c o l l e c t i o n s y s t e m . 

9 . 3 I n t e r m e d i a t e L e v e l W a s t e S y s t e m 

9 . 3 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 4 5 F l o w D i a g r a m , P r o c e s s W a s t e and ILW 

1 5 4 6 - 0 5 - U - 7 3 0 4 ILW T a n k P i p i n g and F o u n d a t i o n D e t a i l s 

1 5 4 6 - 0 5 - U - 7 1 2 8 P r o c e s s W a s t e and ILW D e t a i l s 

S i n g m a s t e r & B r e y e r S p e c i f i c a t i o n s : 

6 1 I n t e r m e d i a t e L e v e l W a s t e 

9 2 ILW Pumps 
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9 . 3 . 2 I n t r o d u c t i o n 

I n t e r m e d i a t e l e v e l w a s t e s a r e l i q u i d w a s t e s w h i c h c o n t a i n a c t i v i t y 
3 9 l e v e l s b e t w e e n 5 . 7 x 10 d / m - m l and 5 . 7 x 10 d / m - m l o f b e t a and gamma 

a c t i v i t y . The i n t e r m e d i a t e l e v e l w a s t e may h a v e a pR f r o m 1 t o 1 4 , 

d i s s o l v e d s o l i d s up t o 150 ppm, a ^ d s u s p e n d e d s o l i d s up t o 1% b y w e i g h t . 

I t i s t h e p u r p o s e o f t h e s y s t e m t o c o l l e c t and s t o r e t h e w a s t e so t h a t 

a n y a c i d i t y c a n be n e u t r a l i z e d , s u s p e n d e d s o l i d s may be k e p t i n s u s p e n -

s i o n by r e c i r c u l a t i o n , and a c t i v i t y l e v e l s can be d e t e r m i n e d b e f o r e 

f i n a l d i s p o s a l i s e f f e c t e d . 

I n t e r m e d i a t e l e v e l w a s t e s r e s u l t f r o m d e m i n e r a l i z e r b a c k w a s h and 

r e g e n e r a t i o n e f f l u e n t s , d e c o n t a m i n a t i o n f l u i d s , s a m p l i n g s t r e a m s o f 

e x p e r i m e n t a l c o o l a n t , e t c . , i n t h e r e a c t o r b u i l d i n g as w e l l as d r a i n a g e 

f r o m t h e c o m p a r t m e n t e d a r e a s o f t h e f i l t e r p i t s . 

9 . 3 . 3 C o l l e c t i o n 

W a s t e s a r e c o l l e c t e d a t p o i n t s o f o r i g i n by c l o s e d p i p i n g c o n n e c -

t i o n s . C o l l e c t i o n m a i n s a r e v e n t e d t o t h e 0H0G s y s t e m t h r o u g h t h e 

f i l t e r p i t sump. 

1 . E x p e r i m e n t a l d r a i n s 

a . D r a i n c o n n e c t i o n s a r e l o c a t e d a t t h e s e r v i c e s t a t i o n s a t 

t h e p o o l s t r u c t u r e on t h e e x p e r i m e n t a l a r e a l e v e l , and a t 

t h e s h i e l d s u r f a c e on t h e beam room l e v e l . T h e s e c o n n e c -

t i o n s a r e m e r e l y d r a i n p i p e s e x t e n d e d f r o m t h e m a i n s y s t e m 

t o t h e e x p e r i m e n t a l a r e a . The d r a i n s a r e s e a l e d u n t i l 

t h e y a r e n e e d e d ; a t w h i c h t i m e , t h e s e a l e d end i s c u t o f f 

a n d t h e d r a i n f r o m t h e e x p e r i m e n t i s w e l d e d i n t o t h e 

s y s t e m t o g i v e p o s i t i v e c o n t a i n m e n t . 

b . A f l o o r c o n n e c t i o n i s l o c a t e d on e a c h s i d e o f t h e r e a c t o r 

p o o l i n t h e r e a c t o r b a y . 
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2 . E q u i p m e n t d r a i n s 

a . P r i m a r y c o o l a n t - l o o p d r a i n s 

b . S p e n t r e s i n d i s p o s a l d r a i n s 

c . D e m i n e r a l i z e r and f i l t e r e q u i p m e n t d r a i n s 

d . D e c o n t a m i a n t i o n a r e a d r a i n s 

3 . H o t o f f - g a s d r a i n s 

W a s t e s o r i g i n a t i n g i n t h e h o t o f f - g a s s y s t e m s a r e d r a i n e d 

t o a s p e c i a l sump I n t h e f i l t e r p i t s . T h i s sump a l s o a c t s as a 

c o n n e c t i n g l i n k by w h i c h t h e ILW s y s t e m i s v e n t e d t o t h e OHOG 

s y s t e m . 

9 . 3 . 4 N o r m a l f l o w r. i t t e r n s 

The w a s t e s move by g r a v i t y f l o w f r o m c o l l e c t i o n p o i n t s t o t h e m a i n 

ILW d r a i n h e a d e r s . T h e h e a d e r s a r e s h i e l d e d , w h e r e t h e y c r o s s open 

a r e a s , w i t h t h e e q u i v a l e n t o f 5 . 1 cm ( 2 i n . ) o f l e a d . T h e m a i n h e a d e r 

l e a v e s t h e r e a c t o r b u i l d i n g a t t h e s o u t h w e s t c o r n e r a t e l e v a t i o n 2 4 6 . 9 m 

( 8 1 0 . 1 1 f t ) a n d p r o c e e d s w e s t a b o u t 6 1 m ( 2 0 0 f t ) t o a b u r i e d s t o r a g e 

t a n k w h i c h w i l l be d i s c u s s e d l a t e r . The s y s t e m i s d e s i g n e d t o accom-

m o d a t e a maximum f l o w o f 3 0 0 gpm; h o w e v e r , f l o w r a t e s s h o u l d s e l d o m , i f 

e v e r , r e a c h t h i s maximum. 

I n a d d i t i o n t o t h i s p r i m a r y f l o w , w a s t e may be d i v e r t e d t o t h e ILW 

s y s t e m f r o m t h e PWD s y s t e m . T h i s d i v e r s i o n i s e f f e c t e d by r e m o t e l y 

c l o s i n g F C V - 7 0 1 and o p e n i n g F C V - 7 0 0 s h o u l d t h e a c t i v i t y l e v e l o f t h e 

p r o c e s s w a s t e w a r r a n t t h i s change ( s e e F i g . 9 . 1 ) . 

9 . 3 . 5 W a s t e s t o r a g e and a c c e s s o r y e q u i p m e n t ( s e e F i g . 9 . 2 ) 

T h e ILW s t o r a g e t a n k and t h e t r a n s f e r pumps w i l l n o r m a l l y be 

o p e r a t e d by L a b o r a t o r y W a s t e C o l l e c t i o n p e r s o n n e l b u t , s i n c e t h e y a r e 

p a r t o f t h e H F I R c o m p l e x , w i l l be d e s c r i b e d h e r e . 



9-13 

O R N L D ^ G 63-3700 

TO M E L T O N V M . L t ' t f W A S T E 
C Q C L t C T l Q M c V X « . T t M 

F i g . 9 . 2 , S c h e m a t i c f l o w d i a g r a m - ILW t a n k and p u m p i n g s t a t i o n . 
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T h e ILW s t o r a g e t a n k 

T h e 4 9 , 2 0 5 - 1 ( 1 3 , 0 0 0 - g a l ) , 2 . 4 4 - m - d i a m ( 8 - f t ) , s t a i n l e s s 

s t e e l t a n k i s s u p p o r t e d by a c o n c r e t e pad a n d b u r i e d . I t s b o t -

t o m e l e v a t i o n i s 2 4 3 . 2 m ( 7 9 8 f t ) , t h e t o p e l e v a t i o n i s 2 4 5 . 7 m 

( 8 0 6 f t ) , w h i l e t h e g r a d e e l e v a t i o n i s 2 5 1 . 5 m ( 8 2 5 f t ) . T h e 

l i q u i d l e v e l i s m e a s u r e d by a l e v e l i n d i c a t o r w i t h an e l e c t r o n i c 

r e a d o u t i n t h e c o n t r o l r o o m . The t a n k i s e m p t i e d p e r i o d i c a l l y 

a f t e r i t s c o n t e n t s h a v e b e e n s a m p l e d and c h e c k e d f o r a c t i v i t y 

l e v e l and pH . 

T r a n s f e r pumps ( P U - 4 A a n d 4 B ) 

T h e pumps a r e v e r t i c a l c e n t r i f u g a l , s t a i n l e s s s t e e l pumps, 

p i p e d i n p a r a l l e l a n d r a t e d a t 227 1 / m i n ( 6 0 gpm) e a c h a g a i n s t 

a h e a d o f 3 5 . 1 m ( 1 1 5 f t ) . The pumps and a s s o c i a t e d p i p i n g a r e 

l o c a t e d i n a c o n c r e t e pump p i t j u s t n o r t h o f t h e b u r i e d s t o r a g e 

t a n k . T h e pump s u c t i o n e l e v a t i o n i s 2 4 7 . 6 m ( 8 1 2 . 5 f t ) , 3 . 2 3 m 

( 1 0 . 6 f t ) a b o v e t h e c e n t e r l i n e o f t h e s t o r a g e t a n k . 

T h e t o p o f t h e p i t i s c o n c r e t e , 6 1 - c m - t h i c k ( 2 - f t ) t o g i v e 

a d e q u a t e s h i e l d i n g t o t h e o p e r a t o r . Two a c c e s s p o r t s , e a c h 

1 . 4 5 m ( 4 f t 9 i n . ) b y 9 1 . 4 cm ( 3 f t ) a r e l o c a t e d i n t h e t o p 

s h i e l d . T h e s e o p e n i n g s a r e c l o s e d by s t e p p e d c o n c r e t e p l u g s . 

T h e pumps h a v e a t w o - f o l d p u r p o s e . T h e i r m a i n f u n c t i o n i s 

t o t r a n f e r w a s t e s f r o m t h e s t o r a g e t a n k t o e i t h e r t h e 

L a b o r a t o r y d i s p o s a l s y s t e m o r t h e H F I R p r o c e s s w a s t e s y s t e m . 

T h e i r s e c o n d a r y f u n c t i o n i s t o r e c i r c u l a t e t h e s t o r e d w a s t e s t o 

p r e v e n t s u s p e n d e d s o l i d s f r o m s e t t l i n g , and t o p r o v i d e a m e t h o d 

o f s a m p l i n g t h e w a s t e . 
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3 . S a m p l i n g s y s t e m 

On t h e d i s c h a r g e s i d e o f e a c h pump, p i p i n g i s p r o v i d e d t o 

c a r r y p a r t o f t h e w a s t e a b o v e t h e p i t c o v e r t o a s a m p l i n g s t a -

t i o n . D r a i n a g e f r o m t h e s a m p l i n g s t a t i o n i s b a c k t o t h e s t o r a g e 

t a n k . S a m p l e s a r e t a k e n p e r i o d i c a l l y and a r e a n a l y z e d f o r pH 

a n d g r o s s b e t a - g a m m a a c t i v i t y . 

I f t h e pH a n a l y s i s shows t h a t t h e w a s t e i s a c i d i c , i t i s 

n e u t r a l i z e d by a d d i n g c a u s t i c t o t h e s y s t e m f r o m t h e c a u s t i c 

d a y t a n k . 

T h e r e s u l t s o f t h e g r o s s b e t a - g a m m a a n a l y s i s h e l p t o d e t e r -

m i n e t h e f i n a l d i s p o s i t i o n o f t h e w a s t e , t h a t i s , w h e t h e r t o 

t h e H F I R p r o c e s s w a s t e s y s t e m o r t o t h e L a b o r a t o r y ILW s y s t e m . 

9 . 4 H o t O f f - G a s S y s t e m s 

9 . 4 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 1 - H & V - 3 0 0 1 

1 5 4 6 - 0 1 - H & V - 3 0 28 

R C 1 1 - 1 0 - 9 

R C 1 1 - 1 0 - 1 1 

A i r F l o w D i a g r a m s 

B u i l d i n g - C o n t r o l D i a g r a m 

I n s t r u m e n t A p p l i c a t i o n D i a g r a m s 

Gaseous W a s t e M o n i t o r i n g 

S i n g m a s t e r & B r e y e r S p e c i f i c a t i o n s : 

5 9 C h a r c o a l Bed F i l t e r s 

6 2 Open a t ' I M n N e d H o t O f f - G a s Systems 

9 . 4 . 2 I n t r o d u c t i o n 

T h e HOG s y s t e m s c o l l e c t arid d e c o n t a m i n a t e t h e g a s e o u s e f f l u e n t f r o m 

t h e v a r i o u s p r o c o B s v e s s e l s , l i l i e s , fitl(| o t h e r e q u i p m e n t . T h e y a l s o 

s e r v e l o c a l a r e a s l i i f it ' f j i i c h l l l j l l l i y Uutii tfMtl r a d i o a c t i v e g a s e s may 
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be d i s c h a r g e d , e i t h e r i n a d v e r t e n t l y o r as a r e s u l t o f n o r m a l o p e r a t i o n . 

The gases a r e d e c o n t a m i n a t e d by a b s o l u t e f i l t e r s and c h a r c o a l a b s o r b e r s 

and a r e t h e n r o u t e d t h r o u g h t h e SBHE f i l t e r s and v e n t e d t o t h e a t m o s p h e r e 

t h r o u g h t h e 7 6 . 2 - m ( 2 5 0 - f t ) s t a c k . Two s y s t e m s a r e p r o v i d e d : o n e , t h e 

c l o s e d h o t o f f - g a s s y s t e m ( C H O G ) , t o h a n d l e components f r o m w h i c h t h e 

gases e s c a p e u n d e r p r e s s u r e ; and t h e o t h e r , t h e open h o t o f f - g a s s y s t e m 

(OHOG), t o h a n d l e u n p r e s s u r i z e d e q u i p m e n t ( s e e F i g . 9 . 3 ) . B o t h sys tems 

a r e c o n s t r u c t e d o f T y p e 304L s t a i n l e s s s t e e l , s c h e d u l e - 1 0 p i p e t h r o u g h o u t , 

e x c e p t w h e r e h e a v i e r gauge p i p e was r e q u i r e d f o r embedment . Embedded 

p i p e was p r e s s u r e t e s t e d b e f o r e c o n c r e t e was p o u r e d t o a s s u r e an a i r -

t i g h t s y s t e m . 

9 . 4 . 3 T h e c l o s e d h o t o f f - g a s s y s t e m (GHOG) 

T h e CHOG s y s t e m s e r v i c e s t h o s e components w h i c h may become p r e s s u r i z e d . 

I t i s c o n n e c t e d t o t h e p r i m a r y c o o l a n t and p o o l c o o l a n t d e a e r a t o r s . 

S t a t i o n s d e s i g n e d f o r f u t u r e c o n n e c t i o n s t o t h e CHOG s y s t e m a r e l o c a t e d 

b o t h i n t h e e x p e r i m e n t room on t h e s h i e l d w a l l a t e a c h b e a m - t u b e a c c e s s 

and h i g h on t h e s h i e l d w a l l t o p e r m i t c o n n e c t i o n t o p o o l e x p e r i m e n t s 

t h r o u g h s l e e v e s i n t h e p o o l s t r u c t u r e . 

T h e CHOG d u c t s w h i c h o r i g i n a t e a t t h e c o l l e c t i o n p o i n t s r u n t o a 

common h e a d e r and t h e n c e t o t h e HOG s e c t i o n o f t h e f i l t e r p i t . Those 

d u c t s l o c a t e d i n o c c u p i e d a r e a s a r e s h i e l d e d w i t h t h e e q u i v a l e n t o f 

2 . 5 4 cm ( 1 i n . ) o f l e a d . The s y s t e m I s s i z e d t o h a n d l e up t o 14 m 3 / m i n 

( 5 0 0 c f m ) w i t h minimum i n l e t p r e s s u r e s of - 7 . 5 kPa ( - 3 0 i n . ^ 0 ) when 

any f o u r o f t h e f u n c t i o n a l c o n n e c t i o n s a r e i n u s e . The d e s i g n p r e s s u r e 

o f t h e p i p i n g u p s t r e a m o f t h e f i l t e r s i s 0 . 7 MPa ( 1 0 0 p s i g ) . 

9 . 4 . 4 The open h o t o f f - g a s s y s t e m (OHOG) 

The OHOG s y s t e m s e r v i c e s t h o s e c o n n e c t i o n s w h i c h c a n n o t be p r e s s s u r i z e d . 

I n a d d i t i o n t o h a n d l i n g t h o s e components w h i c h a r e open t o t h e b u i l d i n g 



10-17 

ORNL-OWG 63-958R2 

POOL DEAERATOR 

— C x J — , — 
— I X j — 1 

PC DEAERATOR 

HIT 
nnnnr 

REACTOR BAY 

EXPERIMENT ROOM 

BEAM ROOM 

R M D <? ( ILW VENT/DRAIN) 

PC HEAD TANK 

POOL SURGE TANK 

POOL COOLANT FILTER 

POOL DEMINERALIZER 

- { X ] PC DEMINERALIZER AND F I L T E R S - A 

PC DEMINERALIZER AND F I L T E R S - 8 

DECONTAMINATION FACILITY 

111111111 
r m -I I — — SCREWED CAP 

F i g . 9 . 3 . H o t o f f - g a s s y s t e m . 

FLANGED 



10-18 

a n d c e r t a i n v a l v e s t a t i o n s , i t a l s o / e n t s t h e i n t e r m e d i a t e l e v e l w a s t e 

s y s t e m . T h e f o l l o w i n g c o m p o n e n t s a r e s e r v e d d i r e c t l y by t h e OHOG s y s t e m : 

1 . p r i m a r y c o o l a n t d e m i n e r a l i z e r s and f i l t e r s , 

2 . p r i m a r y c o o l a n t h e a d t a n k , 

3 . p o o l c o o l a n t d e m i n e r a l i z e r s and f i l t e r s , 

4 . p o o l c o o l a n t f i l t e r , and 

5 . p o o l s u r g e t a n k . 

I n a d d i t i o n , v a l v e s t a t i o n s p e r m i t t i n g f u t u r e a c c e s s t o t h e OHOG 

s y s t e m a r e p r o v i d e d i n t h e f o l l o w i n g l o c a t i o n s : 

1 . o n t h e e x p e r i m e n t room f l o o r a t t h e s h i e l d w a l l a d j a c e n t t o 
e a c h b e a m - h o l e a c c e s s , 

2 . i n t h e e x p e r i m e n t room h i g h on t h e s h i e l d w a l l t o p e r m i t 
c o n n e c t i o n t o p o o l e x p e r i m e n t s t h r o u g h s l e e v e s i n t h e p o o l 
s t r u c t u r e , 

3 . a t e a c h o f t h e beam h o l e p o r t s i n t h e beam r o o m , 

4 . i n t h e f l o o r o f t h e r e a c t o r b a y — t w o f l u s h c o n n e c t i o n s , one 

n o r t h and one s o u t h n e a r t h e p o o l r i m , and 

5 . on t h e w a l l o f t h e r e a c t o r bay a d j a c e n t t o t h e d e c o n t a m i n a t i o n 
p a d . 

D u c t w o r k f o r t h e OHOG s y s t e m r u n s , s e p a r a t e l y f r o m t h e CHOG d u c t , d i r e c t l y 

t o t h e f i l t e r p i t . S i m i l a r l y , i n o c c u p i e d a r e a s i t i s s h i e l d e d w i t h t h e 

e q u i v a l e n t o f 2 . 5 4 cm ( 1 i n . ) o f l e a d . 

L i k e t h e CHOG s y s t e m , t h e OHOG s y s t e m i s s i z e d t o c o l l e c t up t o 

14 m / m i n ( 5 0 0 c f m ) w i t h i n l e t p r e s s u r e s of - 7 . 5 k P a ( - 3 0 i n . H 2 0 ) when 

f o u r o f t h e f u n c t i o n a l c o n n e c t i o n s a r e i n u s e . 

9 . 4 . 5 HOG f a n s and f i l t e r s 

T h e f i l t e r s f o r t h e CHOG a n d OHOG s y s t e m s a r e l o c a t e d i n a s e c t i o n 

o f t h e f i l t e r p i t w h i c h i s s e p a r a t e d f r o m t h e SBHE f i l t e r s by a c o n c r e t e 
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w a l l . T h e HOG s e c t i o n i s s h i e l d e d w i t h 1 . 2 m ( 4 f t ) o f c o n c r e t e w i t h 

s t e p p e d p l u g s o v e r e a c h c e l l . To f a c i l i t a t e d e c o n t a m i n a t i o n , t h e I n s i d e 

o f t h e p i t i s p a i n t e d w i t h a p r o t e c t i v e c o a t i n g w h i c h p r e v e n t s r a d i o a c -

t i v e m a t e r i a l f r o m s o a k i n g i n t o t h e c o n c r e t e . The g e n e r a l a r r a n g e m e n t 

i s shown i n F i g s . 9 . 4 a n d 9 . 5 . T h r e e f i l t e r c o m p a r t m e n t s a r e u s e d : one 

f o r t h e CHOG s y s t e m , o n e f o r t h e OHOG s y s t e m , and a common s t a n d - b y f o r 

u s e d u r i n g f i l t e r c h a n g e s . The f i l t e r s e q u e n c e u s e d i n e a c h c o m p a r t m e n t 

c o n s i s t s o f a f i b e r g l a s s p r e f i l t e r , a f i b e r g l a s s - a s b e s t o s a b s o l u t e 

f i l t e r , a s i l v e r - c o a t e d c o p p e r mesh s c r e e n , two c h a r c o a l a b s o r b e r s i n 

s e r i e s , a n d a f i n a l a b s o l u t e f i l t e r . A l l e x p o s e d m e t a l i s s t a i n l e s s 

s t e e l . 

C h a n g e o v e r t o t h e s t a n d b y c e l l i s a c c o m p l i s h e d by means o f e x t e r n a l l y -

o p e r a t e d m a n u a l d a m p e r s , a l l o w i n g t h e f i l t e r s t o be c h a n g e d w i t h o u t 

i n t e r r u p t i n g p l a n t o p e r a t i o n , i n a manner s i m i l a r t o t h a t d e s c r i b e d f o r 

t h e SBHE s y s t e m . A i r f r o m t h e HOG s y s t e m s e n t e r s t h e f i l t e r p i t t h r o u g h 

two d u c t s , o n e f o r e a c h s y s t e m . T h e s e may be s u i t a b l y d a m p e r e d t o p e r m i t 

f u l l f l o w d u r i n g a f i l t e r c h a n g e . 

E a c h s y s t e m i s e q u i p p e d w i t h two f a n s , one o f w h i c h i s n o r m a l l y 

o p e r a t i n g w h i l e t h e o t h e r i s i n s t a n d b y . T h e o u t l e t d u c t s f r o m t h e 

f i l t e r s a r e s p l i t and s u i t a b l y d a m p e r e d t o p e r m i t a u t o m a t i c f a n c h a n g e -

o v e r . F o u r i d e n t i c a l 1 4 - m 3 / m i n ( 5 0 0 - c f m ) e x h a u s t f a n s , d r i v e n by 

7 . 5 - h p s q u i r r e l c a g e i n d u c t i o n m o t o r s , a r e p r o v i d e d f o r t h i s s e r v i c e . 

One f a n f r o m e a c h s y s t e m i s c o n n e c t e d t o n o r m a l - e m e r g e n c y power s y s t e m 

No . 1 and t h e o t h e r i s c o n n e c t e d t o n o r m a l - e m e r g e n c y power s y s t e m N o . 2 . 

P r e s s u r e c o n t r o l l e r s a r e u s e d t o d e t e c t m a l f u n c t i o n s o f t h e n o r m a l l y -

o p e r a t i n g f a n and t o s t a r t t h e s t a n d b y f a n . The s y s t e m s w i t c h o v e r i s 

a c t u a t e d a u t o m a t i c a l l y ; b u t a f a n , o n c e s t a r t e d , must be m a n u a l l y s h u t 

down. G r a v i t y dampers p r e v e n t b a c k f l o w t h r o u g h t h e I n o p e r a t i v e u n i t . 

V a r i o u s s y s t e m p a r a m e t e r s a r e d i s p l a y e d i n t h e c o n t r o l room. 
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9 . 4 . 6 HOG i n s t r u m e n t a t i o n a n d c o n t r o l ( s e e F i g . 9 . 6 ) 

T h e i n s t r u m e n t a t i o n f o r t h e HOG s y s t e m i s q u i t e s i m i l a r t o t h a t u t i -

l i z e d by t h e SBHE ( S e c t i o n 7 . 1 ) ; h o w e v e r , s t a t i c vacuum i s m o n i t o r e d 

i n s t e a d o f f l o w . T h e f a n s a r e c o n t r o l l e d e x a c t l y l i k e t h o s e i n t h e SBHE; 

t h e CHOG i n s t r u m e n t s a n d c o n t r o l s a r e i d e n t i c a l t o t h e OHOG i n s t r u m e n t s 

a n d c o n t r o l s . 

T h e CHOG f a n s F N - 3 a n d 4 and OHOG f a n s F N - 5 and 6 a r e e a c h p r o v i d e d 

w i t h a n " O n - O f f - S t a n d b y " s w i t c h on t h e p a n e l b o a r d i n t h e f a n s h e d . 

N o r m a l l y , o n e f a n i s r u n n i n g w h i l e t h e o t h e r i s on s t a n d b y . I n d i c a t i n g 

l i g h t s on t h e p a n e l b o a r d i n t h e c o n t r o l room i n d i c a t e t h e c o n d i t i o n o f 

e a c h f a n . T h e c o l o r code i s i d e n t i c a l w i t h t h a t f o r t h e SBHE f a n s . 

E l e c t r o p n e u m a t i c p r e s s u r e t r a n s m i t t e r s i n e a c h d u c t t r a n s m i t a s i g n a l 

f o r d i s p l a y i n t h e c o n t r o l room and p r o v i d e a l a r m and s t a n d b y f a n s t a r t u p 

s i g n a l s . A. d r o p i n t h e vacuum o f e i t h e r s y s t e m , o n t h e u p s t r e a m s i d e o f 

t h e f i l t e r s [ - 1 1 . 9 k P a ( - 4 8 i n . H 2 0 ) t o - 1 0 . 7 k P a ( - 4 3 i n . H 2 0 ) ] , w i l l 

c a u s e an a l a r m i n t h e c o n t r o l r o o m . The l o s s o f vacuum may be due t o 

e i t h e r f a n f a i l u r e o r f i l t e r p l u g g i n g . S h o u l d i t be due t o f a n f a i l u r e , 

a p r e s s u r e s v i t c h l o c a t e d i n t h e f a n i n l e t d o w n s t r e a m o f t h e f i l t e r s 

w i l l be a f f e c t e d by t h e vacuum l o s s and a c t u a t e a r e l a y s t a r t i n g t h e 

s t a n d b y f a n . An a l a r m i s a l s o g i v e n i n t h e c o n t r o l room. T h e f a n 

vacuum i s d i s p l a y e d a t t h e f a n s h e d a n d t h e " f a n - r u n n i n g " l i g h t s w i l l 

i n d i c a t e , a t t h e c o n t r o l r o o m , w h i c h o f t h e two c o n d i t i o n s h a s o c c u r r e d . 

T h e p r e s s u r e s w i t c h e s i n t h e HOG s y s t e m s a r e l i s t e d i n T a b l e 9 . 1 . 
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10-24 

T a b l e 9 . 1 HOG p r e s s u r e s w i t c h t a b u l a t i o n 

S w i t c h D u c t 
N o r m a l vacuum 

k P a 
C i n . H 2 0 ) 

S e t p o i n t 
k P a 

( i n . H 2 0 ) 
A c t i o n 

P S - 9 0 5 - 1 CHOG, i n l e t t o f i l t e r - 1 1 . 9 - 1 0 . 7 A l a r m 
( - 4 8 ) ( - 4 3 ) 

P S - 9 1 4 - 1 CHOG, i n l e t t o f a n - 1 3 . 4 - 1 0 . 2 A l a r m , f a n 
( - 5 4 ) ( - 4 1 ) s t a r t 

P S - 9 0 6 - 1 OHOG, i n l e t t o f i l t e r - 1 1 . 9 - 1 0 . 7 A l a r m 
( - 4 8 ) ( - 4 3 ) 

P S - 9 1 6 - 1 OHOG, i n l e t t o f a n - 1 3 . 4 - 1 0 . 2 A l a r m , f a n 
( - 5 4 ) ( - 4 1 ) s t a r t 

No o t h e r s y s t e m s a r e a f f e c t e d by t h e s e l o w - v a c u u m a l a r m and f a n -

s t a r t s i g n a l s . J u s t as I n t h e SBHE s y s t e m , t h e s w i t c h e s a n d r e l a y s a r e 

d e s i g n e d t o " f a i l s a f e " a s a r e s u l t o f l o s s o f c o n t r o l power o r r e l a y 

c i r c u i t . 

F a n s F N - 3 and - 5 , CHOG a n d OHOG r e s p e c t i v e l y , a r e c o n n e c t e d t o 

n o r m a l - e m e r g e n c y power s y s t e m N o . 2 v i a m o t o r c o n t r o l c e n t e r " H , " and 

GHOG f a n F N - 4 and OHOG f a n F N - 6 a r e c o n n e c t e d t o n o r m a l - e m e r g e n c y power 

s y s t e m N o . 1 v i a m o t o r c o n t r o l c e n t e r " G . " As I s t h e c a s e o f t h e SBHE 

f a n s , t h e s t a r t i n g s e q u e n c e o f t h e s e m o t o r - c o n t r o l c e n t e r s i s such t h a t 

b o t h "G" a n d "H" a r e e n e r g i z e d i m m e d i a t e l y a f t e r t h e n o r m a l - e m e r g e n c y 

s w i t c h g e a r s w i t c h e s t o t h e e m e r g e n c y p o s i t i o n upon s t a r t u p o f t h e 

d i e s e l - g e n e r a t o r s . 
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9 . 4 . 7 S t a c k and s t a c k m o n i t o r i n g 

T h e H F I R s t a c k i s a f r e e - s t a n d i n g , r e i n f o r c e d - c o n c r e t e s t a c k l i n e d 

w i t h a c i d - r e s i s t a n t b r i c k . The c o n n e c t i n g b r e e c h i n g t o t h e e x h a u s t 

f a n s i s c o n s t r u c t e d o f c a r b o n s t e e l p l a t e , and p a i n t e d w i t h c o r r o s i o n -

r e s i s t a n t p a i n t . T h e s t a c k i s 7 6 . 2 m ( 2 5 0 f t ) i n h e i g h t w i t h I t s 

d i s c h a r g e o r i f i c e a t e l e v a t i o n 3 3 0 . 1 m ( 1 0 8 5 f t ) . T h e i n s i d e d i a m e t e r 

o f t h e d i s c h a r g e o r i f i c e i s 1 . 5 m ( 5 f t ) . T h e i n s i d e d i a m e t e r a t t h e 

e n t r a n c e I s 3 . 3 m ( 1 0 f t , 9 i n . ) . 

The s t a c k p r o v i d e s f o r H F I R e x h a u s t o f 8 5 0 m 3 / m i n ( 3 0 , 0 0 0 c f m ) a n d 

h a s a n a d d i t i o n a l c a p a c i t y o f 8 5 0 m ^ / m i n ( 3 0 , 0 0 0 c f m ) t o h a n d l e f u t u r e 

r e q u i r e m e n t s . A t f u l l d e s i g n l o a d , t h e s t a c k d i s c h a r g e s 1 , 7 0 0 m / m i n 

( 6 0 , 0 0 0 c f m ) a t 5 4 ° C ( 1 3 0 ° F ) . U n d e r t h e s e c o n d i t i o n s , t h e d i s c h a r g e 

v e l o c i t y i s a p p r o x i m a t e l y 1 5 . 5 m / s ( 3 , 0 5 0 f t / m i n ) . W i t h o n l y a p p r o x i m a -

t e l y 8 5 0 m 3 / m i n ( 3 0 , 0 0 0 c f m ) H F I R l o a d , t h e d i s c h a r g e v e l o c i t y i s 7 . 7 m / s 

( 1 , 5 2 5 f t / m i n ) . P r o v i s i o n s a r e made f o r s a m p l i n g gas and m e a s u r i n g f l o w 

i n t h e m a i n d u c t s and i n t h e s t a c k i t s e l f . R a d i o a c t i v i t y m o n i t o r s , t o 

i n d i c a t e c o n t i n u o u s l y t h e amount o f a c t i v i t y d i s c h a r g e d t o t h e a t m o s p h e r e , 

i n c l u d e b o t h b e t a - g a m m a and a l p h a p a r t i c u l a t e m o n i t o r s , a h i g h l e v e l 

a c t i v i t y m o n i t o r , a n i n e r t gas a c t i v i t y m o n i t o r , and a n i o d i n e a c t i v i t y 

m o n i t o r on t h e s t a c k . A beta—gamma p a r t i c u l a t e m o n i t o r i s a l s o l o c a t e d 

i n t h e H F I R d u c t . 

An o p e n s h e d - t y p e s t r u c t u r e n e a r t h e b a s e o f t h e s t a c k p r o v i d e s 

w e a t h e r p r o t e c t i o n f o r t h e f a n s , and a s m a l l e n c l o s u r e i n t h i s shed 

h o u s e s t h e I n s t r u m e n t a t i o n . 

9 . 5 S o l i d W a s t e D i s p o s a l 

S t a n d a r d ORNL p r a c t i c e I s f o l l o w e d i n t h e d i s p o s a l o f s o l i d w a s t e . 

N o n r a d i o a c t i v e s o l i d w a s t e i s p l a c e d i n t o d u m p s t e r s [ 3 m x 1 . 5 m x 1 . 5 m 
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( 1 0 f t x 5 f t x 5 f t ) c o v e r e d m e t a l c o n t a i n e r s ] . The. d u m p s t e r s a r e t h e n 

r e m o v e d b y s p e c i a l t r u c k s . T h e w a s t e i s i n c i n e r a t e d . 

L o w - l e v e l r a d i o a c t i v e w a s t e s a r e p l a c e d i n s p e c i a l y e l l o w - p a i n t e d 

d u m p s t e r s , g e n e r a l l y a f t e r b e i n g s e a l e d i n p l a s t i c b a g s . T h e y a r e t h e n 

r e m o v e d b y t r u c k t o t h e ORNL b u r i a l g r o u n d . W a s t e s p r o d u c i n g r a d i a t i o n 

o f l e s s t h a n 3 m r / h a t t h e s u r f a c e may be t e m p o r a r i l y s t o r e d a t t h e w o r k 

s i t e i n y e l l o w - p a i n t e d c a n s . 

S p e c i a l p r o c e d u r e s a r e u s e d t o remove h i g h l y r a d i o a c t i v e s o l i d w a s t e . 

I n some c a s e s t r u c k s w i t h s h i e l d e d cabs a r e u s e d . F o r v e r y h i g h l e v e l s 

o f r a d i a t i o n , i t may be n e c e s s a r y t o c u t up t h e r a d i o a c t i v e component 

u n d e r w a t e r and remove t h e p i e c e s i n l e a d c a s k s . I n t h e c a s e o f t h e 

u s e d SBHE a n d HOG f i l t e r s , s p e c i a l s h i e l d s a r e p r o v i d e d . The f i l t e r s 

c a n be d r a w n i n t o t h e s e s h i e l d s w h i c h a r e t h e n removed by t r u c k . I n a l l 

c a s e s , f i n a l d i s p o s a l i s a c c o m p l i s h e d by b u r i a l u s i n g e x i s t i n g ORNL 

e q u i p m e n t and f a c i l i t i e s . 



10-1 

1 0 . O N - S I T E U T I L I T I E S 

1 0 . 1 P o t a b l e W a t e r S y s t e m 

1 0 . 1 . 1 R e f e r e n c e s 

D a r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 1 2 , Y a r d P i p i n g P l a n s 
- 7 1 1 3 , 
- 7 1 1 4 , a n d 
- 7 1 1 5 

1 5 4 6 - 0 5 - U - 7 1 4 1 F l o w D i a g r a m , F i r e and P o t a b l e W a t e r 

S i n g m a s t e r and B r a y e r S p e c i f i c a t i o n : 

69 P o t a b l e W a t e r 

1 0 . 1 . 2 I n t r o d u c t i o n 

T h e p r i m a r y s o u r c e o f p o t a b l e w a t e r t o t h e r e a c t o r s i t e i s a 4 0 . 6 - c m 

( 1 6 - i n . ) m a i n l i n e t h a t e n t e r s t h e a r e a a t a p o i n t e a s t o f t h e r e a c t o r 

b u i l d i n g . T h i s l i n e w i l l d e l i v e r 1 0 , 5 9 8 1 / m i n ( 2 , 8 0 0 g p m ) . I t s u p p l i e s 

p o t a b l e w a t e r t o a f i r e l o o p w h i c h e n c i r c l e s t h e r e a c t o r b u i l d i n g a r e a 

a n d f r o m w h i c h a l l o t h e r s y s t e m s a r e f e d ( F i g . 1 0 . 1 ) . T h e m a i n l i n e i s 

f e d f r o m two 5 6 7 5 m 3 ( 1 . 5 m i l l i o n g a l ) c a p a c i t y r e s e r v o i r s l o c a t e d a t o p 

a h i l l t o t h e n o r t h and e a s t o f t h e r e a c t o r s i t e . E l e v a t i o n o f t h e 

r e s e r v o i r s i s s u f f i c i e n t t o g i v e t h e H F I R f a c i l i t y , a f t e r a l l o w i n g f o r 

p r e s s u r e l o s s e s i n t h e l i n e , a p o t a b l e w a t e r p r e s s u r e o f a p p r o x i m a t e l y 

6 2 0 kPa ( 9 0 p s i ) . 

A second 4 0 . 6 - c m ( 1 6 - i n . ) m a i n l i n e e n t e r s t h e a r e a f r o m t h e w e s t 

and may b e v a l v e d i n t o t h e f i r e l o o p as an a u x i l i a r y s o u r c e o f p o t a b l e 

w a t e r w h e n e v e r n e e d e d . T h i s a u x i l i a r y l i n e i s a l s o c a p a b l e o f d e l i v -

e r i n g a f l o w o f 1 0 , 5 9 8 1 / m i n ( 2 8 0 0 g p m ) . U n d e r n o r m a l c o n d i t i o n s i t i s 

n o t u s e d b u t i s k e p t f o r e m e r g e n c y u s e o n l y . T h e s o u r c e o f t h i s s u p p l y 

i s t h e r e s e r v o i r w h i c h i s l o c a t e d j u s t n o r t h o f t h e ORNL X - 1 0 a r e a . 



F i g . 1 0 . 1 . P r o c e s s w a t e r s y s t e m - s c h e m a t i c f l o w d i a g r a m . 
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1 0 . 1 . 3 D e s c r i p t i o n o f t h e s y s t e m 

S e v e n s t r a t e g i c a l l y l o c a t e d f i r e h y d r a n t s a r e s u p p l i e d p o t a b l e w a t e r 

b y t h e f i r e l o o p w h i c h e n c i r c l e s t h e r e a c t o r b u i l d i n g . S i x o f t h e s e v e n 

h y d r a n t s a r e f e d b y 1 5 . 2 - c m ( 6 - i n . ) l i n e s t h a t s e r v e e a c h h y d r a n t e x c l u -

s i v e l y . T h e s e v e n t h f i r e h y d r a n t i s f e d b y a n 2 0 . 3 - c m ( 8 - i n . ) l i n e 

w h i c h a l s o s u p p l i e s w a t e r t o two s t a n d p i p e s on t h e e a s t s i d e o f t h e 

r e a c t o r b u i l d i n g . 

Two o t h e r 1 5 . 2 - c m ( 6 - i n . ) s t a n d p i p e w a t e r l i n e s and one 1 5 . 2 - c m 

( 6 - i n . ) s p r i n k l e r w a t e r l i n e e n t e r t h e r e a c t o r b u i l d i n g f r o m t h e f i r e 

w a t e r l o o p . T h e s e s t a n d p . l p e w a t e r l i n e s s u p p l y f i r e h o s e s a t v a r i o u s 

l o c a t i o n s i n s i d e t h e b u i l d i n g . S p r i n k l e r w a t e r , as w e l l as a l l o t h e r 

p o t a b l e w a t e r u s e d i n t h e o f f i c e and m a i n t e n a n c e b u i l d i n g , i s t a k e n f r o m 

t h e same f i r e l o o p . 

P o s t i n d i c a t o r v a l v e s i n t h e f i r e l o o p a r e l o c a t e d so t h a t any p a r t 

o r a l l o f t h e s y s t e m c a n be i s o l a t e d f r o m t h e 4 0 . 6 - c m ( 1 6 - i n . ) m a i n 

l i n e s . 

1 0 . 1 . 4 P o t a b l e w a t e r m e t e r i n g 

P o t a b l e w a t e r u s a g e i s m e t e r e d i n t h r e e p l a c e s and m e a s u r e d a t a 

f o u r t h . 

1 . F l o w t o t h e o f f i c e and m a i n t e n a n c e b u i l d i n g i s m e t e r e d by 

F Q - 6 6 0 i n t h e u t i l i t y room o f t h a t b u i l d i n g . Maximum f l o w I s 

5 3 0 1 / m i n ( 1 4 0 g p m ) . Of t h i s , 52 1 / m i n ( 1 3 . 7 5 gpm) i s t h e 

maximum p o t a b l e h o t w a t e r n e e d . 

2 . F l o w t o t h e e l e c t r i c a l b u i l d i n g i s m e t e r e d by F Q - 6 6 1 i n t h e 

d i e s e l - g e n e r a t o r b a t t e r y r o o m . Maximum use i s 76 1 / m i n ( 2 0 

gpm) w i t h no h o t w a t e r p r o v i d e d . 

3 . P o t a b l e w a t e r f l o w t o t h e r e a c t o r b u i l d i n g i s n o t m e t e r e d b u t 

e n t e r s t h e b u i l d i n g i n room 103 o f t h e f i r s t f l o o r w a t e r w i n g . 

Maximum d e s i g n e d u s a g e i s 3 0 2 8 1 / m i n ( 8 0 0 g p m ) . 
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4 . T h e p o t a b l e w a t e r s y s t e m s u p p l i e s makeup t o t h e p r o c e s s w a t e r 

s y s t e m i n t h e c o o l i n g t o w e r a r e a ( i . e . , s e c o n d a r y c o o l a n t w a t e r 

makeup and p r o c e s s w a t e r i n t h e c o o l i n g t o w e r e q u i p m e n t 

b u i l d i n g ) . F l o w t h r o u g h t h i s 2 0 . 3 - c m ( 8 - i n . ) l i n e i s m e a s u r e d 

a t m e t e r p i t N o . 1 by f l o w e l e m e n t F E - 3 3 6 whch i n d i c a t e s v o l u m e 

b y m e a s u r i n g t h e d i f f e r e n t i a l p r e s s u r e r . c ross a n o r i f i c e . T h i s 

f l o w e l e m e n t i s u s e d t o d e t e r m i n e t h e r e q u i r e d b l o w d o w n r a t e o f 

t h e s e c o n d a r y c o o l a n t s y s t e m . 

1 0 . 1 . 5 Uses o f p o t a b l e w a t e r 

I n a d d i t i o n t o s u p p l y i n g f i r e h y d r a n t s and s t a n d p i p e s , p o t a b l e w a t e r 

i s u s e d t o s u p p l y : 

1 . D o m e s t i c s i n k s , d r i n k i n g f o u n t a i n s , r e s t r o o m s , and p e r s o n n e l 

s h o w e r s i n t h e o f f i c e a n d m a i n t e n a n c e b u i l d i n g . T h e s e f a c i l i -

t i e s a r e f e d t h r o u g h a 7 . 6 - c m ( 3 - i n . ) l i n e w h i c h e n t e r s t h e 

u t i l i t y room on t h e e a s t s i d e o f t h e b u i l d i n g a f t e r b r a n c h i n g 

o f f t h e 4 0 . 6 - c m ( 1 6 - i n . ) m a i n w h i c h e n t e r s t h e a r e a f r o m t h e 

w e s t . 

2 . S e c o n d a r y c o o l a n t w a t e r makeup ( p r o c e s s w a t e r ) , t h e c o o l i n g 

t o w e r s p r i n k l i n g s y s t e m , t h e c h e m i c a l m i x i n g a n d d i s p e n s i n g 

s y s t e m , t h e s a f e t y shower and e y e b a t h f a c i l i t y n e a r t h e 

s u l f u r i c a c i d s t o r a g e t a n k , and a d o m e s t i c s i n k i n t h e c o o l i n g 

t o w e r e q u i p m e n t b u i l d i n g . T h e s e s y s t e m s a r e f e d by a n 2 0 . 3 - c m 

( 8 - i n . ) l i n e w h i c h b r a n c h e s o f f t h e f i r e l o o p j u s t e a s t o f t h e 

f u e l o i l s t o r a g e t a n k and e n t e r s t h e c o o l i n g t o w e r a r e a j u s t 

w e s t of t h e s e c o n d a r y c o o l a n t w a t e r pumps. F r o m t h i s l i n e a 

5 . 1 - c m ( 2 - i n . ) b r a n c h e n t e r s t h e c o o l i n g t o w e r e q u i p m e n t 

b u i l d i n g . T h e 2 0 . 3 - c m ( 8 - i n . ) l i n e c o n t i n u e s o u t o f t h e g r o u n d 

a n d e n t e r s t h e f l u m e w h e r e i t d i s c h a r g e s makeup w a t e r t o t h e 

s e c o n d a r y c o o l i n g w a t e r s y s t e m . 
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3 . An a c i d - p r o o f s i n k and a s a f e t y shower i n t h e b a t t e r y room o f 

t h e e l e c t r i c a l b u i l d i n g . T h e s e f a c i l i t i e s a r e f e d by a 3 . 8 - c r a 

( 1 1 / 2 — i n . ) l i n e w h i c h b r a n c h e s o f f t h e f i r e l o o p j u s t w e s t o f 

t h e f u e l o i l s t o r a g e t a n k and e n t e r s t h e b u i l d i n g u n d e r t h e 

b a t t e r y room. 

4 . A s a f e t y shower and e y e b a t h n e a r t h e a c i d and c a u s t i c s t o r a g e 

t a n k s on t h e n o r t h s i d e o f t h e r e a c t o r b u i l d i n g . A 2 . 5 4 - c m 

( 1 - i n . ) l i n e b r a n c h e s o f f t h e 2 0 . 3 - c m ( 8 - i n . ) p o r t i o n o f t h e 

f i r e l o o p j u s t a f e w f e e t n o r t h w e s t o f t h e n i t r i c a c i d s t o r a g e 

t a n k t o s u p p l y t h e f a c i l i t y . 

5 . P r o c e s s w a t e r makeup i n t h e r e a c t o r b u i l d i n g , a s a f e t y shower 

and e y e b a t h n e a r t h e n i t r i c a c i d and c a u s t i c day t a n k s , e m e r -

g e n c y c o o l i n g f o r i n s t r u m e n t a i r c o m p r e s s o r s C - 1 A , C - 1 B , and 

C - 1 C , c o o l i n g f o r t h e p r e s s u r i z e r pumps' m a g n e t i c c o u p l i n g s , 

and d o m e s t i c s i n k s , r e s t r o o m s , p e r s o n n e l s h o w e r s , and d r i n k i n g 

f o u n t a i n s i n t h e r e a c t o r b u i l d i n g . T h e s e a r e a l l f e d by a 

1 5 . 2 - c m ( 6 - i n . ) l i n e w h i c h b r a n c h e s o f f t h e n o r t h s i d e o f t n e 

f i r e l o o p and e n t e r s t h e r e a c t o r b u i l d i n g i n t h e n o r t h - e a s t 

c o r n e r o f t h e w a t e r w i n g . 

1 0 . 2 P r o c e s s H a t e r S y s t e m 

, 2 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 1 4 

1 5 4 6 - 0 5 - U - 7 1 4 1 

1 5 4 6 - 0 5 - U - 7 1 4 7 

1 5 4 6 - 0 5 - M - 5 5 3 5 

1 5 4 6 - 0 5 - 1 - 4 0 0 7 

Y a r d P i p i n g 

F l o w D i a g r a m , F i r e and P o t a b l e W a t e r 

F l o w D i a g r a m , C h e m i c a l T r e a t m e n t 

F l o w D i a g r a m , P r o c e s s W a t e r S y s t e m 

I n s t r u m e n t A p p l i c a t i o n , P r o c e s s W a t e r S y s t e m 
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S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n : 

6 8 P r o c e s s W a t e r 

1 0 . 2 . 2 I n t r o d u c t i o n 

T h e p r o c e s s w a t e r s y s t e m i s s e p a r a t e d f r o m t h e p o t a b l e w a t e r s y s t e m 

by b a c k f l o w p r e v e n t e r s o r by a i r b r e a k s . S i n c e p o t a b l e w a t e r i s used 

f o r human c o n s u m p t i o n , t h e r e must be a s s u r a n c e t h a t t h e r e can be no 

b a c k f l o w o r m i x i n g o f p o t e n t i a l l y c o n t a m i n a t e d p r o c e s s w a t e r i n t h e 

p o t a b l e w a t e r s y s t e m . T h i s s e p a r a t i o n i s a c c o m p l i s h e d by an a i r b r e a k 

a t t h e c o o l i n g t o w e r b a s i n and b a c k f l o w p r e v e n t e r s e l s e w h e r e . 

1 0 . 2 . 3 P e s c r l p t i o o n o f t h e s y s t e m 

R e a c t o r b u i l d i n g a r e a . P o t a b l e w a t e r f o r t h e r e a c t o r b u i l d i n g i s 

t a k e n f r o m t h e f i r e l o o p on t h e n o r t h s i d e o f t h e b u i l d i n g and b r a n c h e s 

i n one d i r e c t i o n t o t h e d o m e s t i c w a t e r s y s t e m and i n t h e o t h e r d i r e c t i o n 

t o t h e b a c k f l o w p r e v e n t e r s o f t h e p r o c e s s w a t e r s y s t e m . 

Two p a r a l l e l b a c k f l o w p r e v e n t e r s , S P - 0 1 - 5 and S P - 0 1 - 6 , a r e used to 

s e p a r a t e t h e r e a c t o r b u i l d i n g p r o c e s s w a t e r s y s t e m f r o m t h e p o t a b l e 

w a t e r s y s t e m . T h e s e b a c k f l o w p r e v e n t e r s a r e s i z e d so t h a t e i t h e r i s 

c a p a b l e o f s u p p l y i n g t h e p r o c e s s w a t e r needs o f t h e b u i l d i n g . T h i s 

a l l o w s them t o be removed f r o m s e r v i c e , one a t a t i m e f o r t e s t i n g , 

w i t h o u t i n t e r r u p t i n g b u i l d i n g s e r v i c e . 

C o o l i n g t o w e r a r e a . Makeup w a t e r t o t h e s e c o n d a r y c o o l a n t w a t e r 

s y s t e m i s s u p p l i e d by a b r a n c h l i n e o f f t h e p o t a b l e w a t e r f i r e l o o p . 

F l o w o f makeup w a t e r t o t h e c o o l i n g t o w e r pump f l u m e i s c o n t r o l l e d by 

l e v e l - c o n t r o l v a l v e L C V - 3 3 5 . The e f f l u e n t end o f t h e makeup w a t e r l i n e 

i s a t an e l e v a t i o n o f 2 4 8 . 7 m ( 8 1 6 f t ) w h i l e t h e b a s i n w a t e r l e v e l i s 

k e p t a t 2 4 8 . 4 m ( 8 1 5 f t ) . T h i s l e a v e s a n a i r gap o f 3 0 . 5 cm ( 1 f t ) 

b e t w e e n t h e p r o c e s s w a t e r i n t h e b a s i n . 
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A 5 . 1 - c m ( 1 - i n . ) l i n e b r a n c h e s o f f t h e c o o l i n g t o w e r makeup l i n e a n d 

e n t e r s t h e c o o l i n g t o w e r e q u i p m e n t b u i l d i n g n e a r t h e w e s t end t o s u p p l y 

w a t e r t o t h e c h e m i c a l m i x i n g and d i s p e n s i n g s y s t e m as w e l l as t o t h e 

s a f e t y shower and e y e - b a t h f a c i l i t y . 

1 . S u l f u r i c - a c i d m i x e r 

T h i s s o l u t i o n i s m i x e d c o n t i n u o u s l y by a c i d m i x e r A M - 1 and 

i s f e d i n t o t h e s e c o n d a r y c o o l a n t s y s t e m . A b a c k f l o w p r e v e n t e r , 

S P - 0 5 - 1 , i s l o c a t e d i n t h e p o t a b l e w a t e r i n l e t l i n e t o make t h e 

s e p a r a t i o n b e t w e e n t h e two w a t e r s y s t e m s . T h e f l o w o f a p p r o x i -

m a t e l y 189 1 / m i n ( 5 0 gpm) t h r o u g h t h e m i x e r i s m e t e r e d by a t e e -

o r i f i c e f l o w e l e m e n t , F E - 3 2 0 , and i s c o n t r o l l e d by a m a n u a l l y -

o p e r a t e d v a l v e . 

ILW pumping p i t a r e a . P r o c e s s w a t e r f r o m t h e r e a c t o r b u i l d i n g a r e a 

i s u s e d a t t h e ILW pumping p i t t o f l u s h t h e pumps and t h e pump p i t and 

t o f i l l t h e sump a t t h e b o t t o m o f t h e p i t . A b a c k f l o w p r e v e n t e r , 

S P - 0 5 - 3 , i s u t i l i z e d i n t h e p r o c e s s w a t e r l i n e t o p r e v e n t t h e c o n -

t a m i n a t e d w a t e r o f t h e ILW s y s t e m f r o m e n t e r i n g t h e p r o c e s s w a t e r l i n e . 

1 0 . 3 

1 0 . 3 . 1 R e f e r e n c e s 

P l a n t D e m i n e r a l i z e d W a t e r S y s t e m 

D r a w i n g s : 

1 5 4 6 - 0 1 - M - 5 3 3 4 

1 5 4 6 - 0 l - M - 5 5 0 2 

1 5 4 6 - 0 l - M - 5 5 0 1 

F l o w D i a g r a m , D e m i n e r a l i z e d W a t e r S u p p l y 

F l o w D i a g r a m , P l a n t D e m i n e r a l i z e r 

F l o w D i a g r a m , D e m i n e r a l i z e d W a t e r 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

5 1 P l a n t D e m i n e r a l i z e r E q u i p m e n t 

55 P l a n t D e m i n e r a l i z e d W a t e r S t o r a g e T a n k 

65 P l a n t D e m i n e r a l i z e d W a t e r S y s t e m 
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1 0 . 3 . 2 D e s c r i p t i o n o f s y s t e m ( F i g . 1 0 . 2 ) 

D e m i n e r a l i z e d w a t e r i s r e q u i r e d a t t h e H F I R c o m p l e x f o r v a r i o u s 

a p p l i c a t i o n s . Some o f t h e s e a r e : ( 1 ) makeup w a t e r t o t h e p o o l c o o l a n t 

s y s t e m , ( 2 ) makeup w a t e r t o t h e p r i m a r y c o o l a n t s y s t e m , and ( 3 ) r e g e -

n e r a t i o n o f p r o c e s s d e m i n e r a l i z e r s . To e n s u r e an a d e q u a t e s u p p l y f o r 

t h e s e v a r i o u s u s e s , d e m i n e r a l i z e d w a t e r i s made f r o m p r o c e s s w a t e r a t a 

r e l a t i v e l y s l o w r a t e 38 t o 3 4 1 1 / m i n ( 1 0 t o 9 0 gpm) a n d i s s t o r e d i n a n 

a l u m i n u m s t o r a g e t a n k . Two d e m i n e r a l i z e d - w a t e r pumps d r a w w a t e r f r o m 

t h i s t a n k and p r e s s u r i z e t h e b u i l d i n g d e m i n e r a l i z e d w a t e r h e a d e r . The 

v a r i o u s s y s t e m s w h i c h u t i l i z e d e m i n e r a l i z e d w a t e r d r a w f r o m t h i s h e a d e r 

a s r e q u i r e d . 

1 0 . 3 . 3 D e s c r i p t i o n o f e q u i p m e n t 

P l a n t d e m i n e r a l i z e r . The p l a n t d e m i n e r a l i z e r i s a p a c k a g e monobed 

u n i t w h i c h i n c l u d e s i t s own 1 . 8 - m J / m i n ( 6 4 - s c f m ) b l o w e r , f o r m i x i n g t h e 

r e s i n , and c o n t r o l i n s t r u m e n t a t i o n f o r s e m i a u t o m a t i c o p e r a t i o n . The i o n 

e x c h a n g e v e s s e l i s f a b r i c a t e d o f c a r b o n s t e e l , l i n e d w i t h an 0 . 2 - c m 

( 0 . 0 8 0 - i n . ) t h i c k c o a t i n g o f u n p l a s t i c i z e d p o l y v i n y l c h l o r i d e . I t c o n -

t a i n s 0 . 3 7 m 3 ( 1 3 f t 3 ) o f Rohm and H a a s I R 120 c a t i o n r e s i n a n d 0 . 7 m 3 

( 2 5 f t 3 ) o f I R A 4 0 2 a n i o n r e s i n . T h i s v o l u m e o f r e s i n was d e s i g n e d 

t o d e m i n e r a l i z e 1 7 0 , 0 0 0 1 ( 4 5 , 0 0 0 g a l ) o f p r o c e s s w a t e r b e t w e e n r e g e n -

e r a t i o n s and p r o d u c e e f f l u e n t w a t e r w i t h a r e s i s t i v i t y o f 1 . 5 x 

1 0 6 ohm 

- c m . T h e f l o w r a t e c a n be v a r i e d b e t w e e n 38 a n d 3 4 0 1 / m ( 1 0 and 

9 0 gpm) w i t h no a p p r e c i a b l e c h a n g e i n e f f l u e n t w a t e r q u a l i t y . T h e u n i t 

s h u t s i t s e l f down a u t o m a t i c a l l y when e f f l u e n t w a t e r q u a l i t y d r o p s b e l o w 

a p r e s e t l e v e l , and a n n u n c i a t e s t h e s h u t d o w n i n t h e c o n t r o l r o o m . 

R e g e n e r a t i o n i s m a n u a l l y i n i t i a t e d w i t h a p u s h b u t t o n and p r o c e e d s a u t o -

m a t i c a l l y t o c o m p l e t i o n . R e t u r n o f t h e u n i t "on s t r e a m " a f t e r r e g e n e r a -

t i o n i s a l s o m a n u a l l y i n i t i a t e d . 
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Fig. 10.2- Plant demineralized water system. 
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D e m i n e r a l i z e d - w a t e r s t o r a g e t a n k . D e m i n e r a l i z e d w a t e r p r o d u c e d by 

t h e monobed u n i t i s s t o r e d i n a 7 5 , 7 0 0 - 1 ( 2 0 , 0 0 0 - g a l ) a l u m i n u m w a t e r -

s t o r a g e t a n k , D T - 4 , l o c a t e d a b o v e g r o u n d j u s t o u t s i d e t h e n o r t h e a s t 

c o r n e r o f t h e r e a c t o r b u i l d i n g . A l e v e l s i g n a l i s t r a n s m i t t e d f r o m t h i s 

t a n k t o a n i n d i c a t o r on t h e p r o c e s s p a n e l b o a r d i n t h e c o n t r o l room. 

H i g h - a n d l o w - l e v e l a l a r m s a r e a n n u n c i a t e d i n t h e c o n t r o l room. A 

s i n g l e 5 . 1 - c m ( 2 - i n . ) l i n e c a r r i e s t h e e f f l u e n t o f t h e monobed u n i t t o 

b o t h t h e s t o r a g e t a n k and t h e d e m i n e r a l i z e d w a t e r pumps. T h e r e f o r e , t h e 

s t o r a g e t a n k " f l o a t s " on t h e l i n e r e c e i v i n g w a t e r when more i s b e i n g 

p r o d u c e d by t h e d e m i n e r a l i z e r t h a n i s r e q u i r e d by t h e s y s t e m and s u p p l y -

i n g w a t e r t o t h e pumps when more i s b e i n g demanded by t h e s y s t t i i i t h a n i s 

b e i n g p r o d u c e d . A f l o w - c o n t r o l v a l v e on t h e o u t l e t o f t h e monobed u n i t 

i s c o n t r o l l e d by a l e v e l t r a n s m i t t e r a t t h e s t o r a g e t a n k . T h i s mode o f 

c o n t r o l t e n d s t o h o l d t h e w a t e r l e v e l i n t h e s t o r a g e t a n k c o n s t a n t and 

t o v a r y t h e f l o w t h r o u g h t h e d e m i n t a l i z e r as t h e s y s t e m demand c h a n g e s . 

D e m i n e r a l i z e d w a t e r pumps . The two pumps, 0 1 - 4 1 5 - P U - 1 8 A and - 1 8 B , 

w h i c h p r e s s u r i z e t h e b u i l d i n g d e m i n e r a l i z e d - w a t e r s y s t e m a r e c e n t r i f u g a l 

t y p e w i t h t h e i r w e t t e d p a r t s made o f s t a i n l e s s s t e e l . T h e y w i l l pump 

3 8 0 1 / m ( 1 0 0 gpm) e a c h a g a i n s t a 2 7 . 5 - m ( 9 0 - f t ) h e a d w i t h a maximum 

s h u t - o f f p r e s s u r e o f 3 3 8 k P a ( 4 9 p s i g ) . Power i s s u p p l i e d by 3 . 7 - k W ( 5 -

h p ) , 3 5 0 0 - r p m , 4 4 0 - V , 3 - p h a s e m o t o r s . A s p r i n g r e t u r n " S t a r t - N e u t r a l -

S t o p " s e l e c t o r s w i t c h and a r u n n i n g l i g h t f o r e a c h m o t o r i s l o c a t e d on 

t h e p r o c e s s p a n e l i n t h e c o n t r o l room. A " S t e p " b u t t o n i s l o c a t e d a t 

e a c h pump. E i t h e r or b o t h pumps can be r u n c o n t i n u o u s l y . T h e m o t o r s 

a r e c o n n e c t e d t o t h e n o r m a l - p o w e r s u p p l y and must be r e s t a r t e d m a n u a l l y 

a f t e r a power o u t a g e . A n n u n c i a t o r 4 E - 4 a l a r m s on low d e m i n e r a l i z e d 

w a t e r p r e s s u r e . 
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1 0 . 4 C h i l l e d W a t e r S y s t e m 

1 0 . 4 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 1 - H & V - 3 0 0 3 

1 5 4 6 - 0 1 - H & V - 3 0 1 0 

S t e a m and W a t e r F l o w D i a g r a m s 

M e c h a n i c a l E q u i p m e n t 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

7 2 H o t and C h i l l e d W a t e r D i s t r i b u t i o n 

100 H e a t i n g , V e n t i l a t i n g , and A i r C o n d i t i o n i n g 

1 0 . 4 . 2 I n t r o d u c t i o n ( F i g . 1 0 . 3 ) 

T h e c h i l l e d w a t e r s y s t e m r e f r i g e r a t e s and d i s t r i b u t e s a maximum o f 

3 1 5 3 1 / m ( 8 3 3 gpm) o f 4 . 5 ° C ( 4 0 ° F ) c h i l l e d w a t e r t o t h e r e a c t o r b u i l d i n g 

a i r c o n d i t i o n i n g s y s t e m . T h e s y s t e m c o n s i s t s o f a p a c k a g e d c h i l l e d 

w a t e r u n i t w i t h 136 kW ( 3 8 6 t o n s ) c o o l i n g c a p a c i t y , L^O c h i l l e d w a t e r 

pumps, a c h e m i c a l f e e d e r , a n e x p a n s i o n t a n k , and a s s o c i a t e d p l u m b i n g . 

1 0 . 4 . 3 C h i l l e r u n i t 

T h e p a c k a g e c h i l l e r u n i t c o n s i s t s o f t h e f o l l o w i n g c o m p o n e n t s : 

1 . M o t o r - c o m p r e s s o r a s s e m b l y , a t w o - s t a g e c e n t r i f u g a l c o m p r e s s o r 
d r i v e n by a 274 -kW ( 3 6 7 - h p ) m o t o r . 

L o c a t e d i n t h e c o m p r e s s o r b a s e i s a 4 5 - 1 ( 1 2 - g a l ) o i l 

r e s e r v o i r w i t h a submerged 376-W ( 1 / 2 - h p ) motor and g e a r pump, 

o i l h e a t e r , w a t e r t y p e c o o l e r , p r e s s u r e r e g u l a t o r , s h u t d o w n 

s w i t c h , b e a r i n g t h e r m o m e t e r , r e s e r v o i r t h e r m o m e t e r , o i l 

p r e s s u r e g a u g e , o i l l e v e l s i g h t - g l a s s , and o i l f i l t e r . A p o r -

t i o n o f t h e v a p o r i z e d r e f r i g e r a n t i s t a k e n f r o m t h e m a i n s t r e a m 

a t t h e e c o n o m i z e r u n i t and s e n t t h r o u g h t h e e l e c t r i c a l l y i n s u -

l a t e d motor w i n d i n g s t o s u p p l y c o o l i n g f o r t h e m o t o r . Low 

b e a r l n g - l u b r i c a t i o n - o i l p r e s s u r e o r h i g h b e a r i n g and m o t o r 

w i n d i n g t e m p e r a t u r e c a u s e s t h e u n i t t o s h u t i t s e l f down. 
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Fig. 10.3. Schematic flow diagram - chilled water system. 
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C o n d e n s e r 

R e f r i g e r a n t v a p o r i s compressed and s e n t t o t h e c o n d e n s e r 

w h e r e , i n i t s h e a t e d s t a t e , i t comes i n t o c o n t a c t w i t h t h e c o n -

d e n s e r c o o l a n t w a t e r t u b e s ( s e c o n d a r y c o o l a n t w a t e r ) . T h e 

c o o l i n g w a t e r a b s o r b s t h e e x c e s s h e a t and removes i t t o t h e 

s e c o n d a r y c o o l a n t t o w e r . A f t e r t h e v a p o r i s c o o l e d , i t c o n d e n -

ses i n t o l i q u i d and f l o w s by g r a v i t y i n t o t h e e c o n o m i z e r . 

E c o n o m i z e r 

T h e l i q u i d r e f r i g e r a n t f r o m t h e c o n d e n s e r e n t e r s t h e e c o -

n o m i z e r chamber and f l o w s t h r o u g h two f l o a t v a l v e s e n r o u t e t o 

t h e c o o l e r . B e t w e e n t h s f l o a t v a l v e s t h e r e i s a gas p a s s a g e 

c o n n e c t i o n t h r o u g h t h e motor w i n d i n g s t o t h e s u c t i o n o f t h e 

s e c o n d s t a g e i m p e l l e r o f t h e c o m p r e s s o r . The g r e a t e r p o r t i o n 

o f t h e l i q u i d r e f r i g e r a n t f l o w s t o t h e c o o l e r w h e r e i t v a p o r i -

zes due t o t h e l o w e r p r e s s u r e . 

C o o l e r 

The c o o l e r u n i t c o n s i s t s o f a s h e l l and t u b e h e a t e x c h a n g e r 

w h e r e t h e w a t e r b e i n g c h i l l e d makes two p a s s e s t h r o u g h t h e 

t u b e s b e f o r e b e i n g c i r c u l a t e d t h r o u g h o u t t h e a i r c o n d i t i o n i n g 

s y s t e m . F r e o n g a s , a f t e r c o n d e n s i n g i n t o a l i q u i d i n t h e c o n -

d e n s e r , f l o w s i n t o t h e c o o l e r and c o v e r s t h e t u b e s c o n t a i n i n g 

t h e c h i l l e d w a t e r . H e r e , t h e f r e o n e x p a n d s and a b s o r b s h e a t 

f r o m t h e w a t e r . A f t e r t h e f r e o n changes f r o m l i q u i d t o t h e 

g a s e o u s s t a t e , i t i s c o m p r e s s e d by t h e c o m p r e s s o r and s e n t t o 

t h e c o n d e n s e r as a v a p o r . 

C o n t r o l s y s t e m 

T h e c h i l l e r c o m p r e s s o r motor i s c o n t r o l l e d by a s i n g l e 

l o c a l m o m e n t a r y " s t a r t - s t o p " p u s h b u t t o n w i t h g r e e n and r e d 
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l i g h t s t o i n d i c a t e when t h e m o t o r i s r u n n i n g o r s t o p p e d . The 

c h i l l e r i s a u t o m a t i c a l l y s h u t down by t h e f o l l o w i n g s a f e t y 

f e a t u r e s : ( R e d l i g h t s on t h e l o c a l c o n s o l e i n d i c a t e t h e c a u s e 

o f t h e s h u t d o w n . ) 

a . c o n d e n s e r p r e s s u r e h i g h ; 

b . b e a r i n g o r m o t o r w i n d i n g t e m p e r a t u r e h i g h ; 

c . r e f r i g e r a n t t e m p e r a t u r e l o w ; 

d . l o s s o f c h i l l e d w a t e r f l o w , o i l pump n o t r u n n i n g , o r l o s s 
o f c o n d e n s e r w a t e r f l o w ; 

e . o i l p r e s s u r e l o w ; o r 

f . c h i l l e d w a t e r t e m p e r a t u r e l o w . 

I f t h e c h i l l e r i s s t o p p e d by a s a f e t y a c t i o n , o t h e r t h a n low 

c h i l l e d w a t e r t e m p e r a t u r e , t h e s t a r t b u t t o n must be p u s h e d t o 

r e s t a r t t h e m o t o r . I f t h e c h i l l e r s t o p s b e c a u s e o f l o w c h i l l e d 

w a t e r t e m p e r a t u r e , i t w i l l a u t o m a t i c a l l y r e s t a r t ar soon as t h e 

t e m p e r a t u r e i n c r e a s e s above t h e c u t - o u t s e t p o i n t . A t i m e r i s 

a l s o p r o v i d e d w h i c h l i m i t s t h e number o f m o t o r s t a r t s t o a p p r o x -

i m a t e l y t h r e e p e r h o u r . 

A f i x e d r e s i s t o r i s c o n n e c t e d t o t h e c u r r e n t t r a n s f o r m e r 

c i r c u i t t o p r o v i d e a s i g n a l v o l t a g e f o r o v e r c u r r e n t p r o t e c t i o n 

f o r t h e m o t o r . T h i s o u t p u t s i g n a l v o l t a g e i s a p p l i e d t o a 

s e p a r a t e c o n t r o l c i r c u i t w h i c h p r e v e n t s m o t o r o v e r c u r r e n t by 

d e c r e a s i n g t h e c o m p r e s s o r l o a d i n g . 

T h e c h i l l e r must be r e s t a r t e d m a n u a l l y w i t h t h e l o c a l 

" s t a r t - s t o p " c o n t r o l s w i t c h a f t e r an o u t a g e o f n o r m a l p o w e r . 

1 0 . 4 . 4 C h i l l e d w a t e r pumps, P U - 1 and P U - 2 

T h e 3 1 5 3 - l / m ( 8 3 3 - g p m ) c a p a c i t y c h i l l e d w a t e r pumps a r e t h e h o r i z o n -

t a l , s p l i t c a s e , c e n t r i f u g a l t y p e . T h e y a r e c o n t r o l l e d by a l o c a l 
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s e l e c t o r s w i t c h m a r k e d " P U - l - o f f - P U - 2 . " N o r m a l l y , o n l y one pump i s i n 

o p e r a t i o n w h i l e t h e o t h e r i s i n s t a n d b y . When e i t h e r pump i s s e l e c t e d , 

t h e c o n t r o l c i r c u i t i s e n e r g i z e d and t h e pump w i l l s t a r t upon demand f o r 

c h i l l e d w a t e r . The pump m o t o r s a r e c o n n e c t e d t o t h e n o r m a l - p o w e r s y s t e m 

t h r o u g h m o t o r c o n t r o l c e n t e r "A" and w i l l r e s t a r t a u t o m a t i c a l l y a f t e r a 

power o u t a g e , i f r e q u i r e d by t h e c h i l l e d w a t e r t h e r m o s t a t . E n e r g i z i n g 

t h e pump m o t o r c o n t r o l c i r c u i t a l s o a c t u a t e s a n e l e c t r o - p n e u m a t i c r e l a y , 

t o p e r m i t c o n t r o l a i r t o o p e r a t e t h e v a r i o u s p n e u m a t i c - c o n t r o l - s y s t e m 

c o m p o n e n t s . 

1 0 . 4 . 5 E x p a n s i o n t a n k 

T h e e x p a n s i o n t a n k i s p r o v i d e d w i t h a p r e s s u r e s a f e t y v a l v e w h i c h i s 

t o o p e r a t e a t 207 kPa ( 3 0 p s i ) . I n t h e e v e n t t h e s y s t e m becomes p r e s s u r -

i z e d g r e a t e r t h a n t h i s a m o u n t , t h e v a l v e opens and a l l o w s t h e e x c e s s 

w a t e r t o d r a i n i n t o t h e p r o c e s s w a s t e s y s t e m . The t a n k i s l o c a t e d 

o v e r h e a d , a b o v e t h e c h i l l e d w a t e r pumps. 

1 0 . 5 A c i d and C a u s t i c 

1 0 . 5 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 4 7 F l o w D i a g r a m , C h e m i c a l T r e a t m e n t 

1 5 4 6 - 0 1 - M - 5 5 0 1 E n g i n e e r i n g F l o w D i a g r a m 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

4 5 N i t r i c A c i d S t o r a g e T a n k and Day Tank 

47 C a u s t i c S t o r a g e T a n k and Day Tank 

5 2 A c i d Pump 

5 3 C a u s t i c Pump 

7 8 N i t r i c A c i d S t o r a g e and D i s t r i b u t i o n 

9 1 C a u s t i c S t o r a g e and D i s t r i b u t i o n 
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1 0 . 5 . 2 N i t r i c a c i d s t o r a g e and d i s t r i b u t i o n ( F i g . 1 0 . 4 ) 

N i t r i c a c i d o f 66% c o n c e n t r a t i o n i s r e c e i v e d by t r u c k a n d s t o r e d i n 

a 5 6 , 7 7 5 - 1 ( 1 , 5 0 0 - g a l ) s t a i n l e s s s t e e l t a n k ( A T - 7 ) l o c a t e d a b o v e g r o u n d 

o n t h e n o r t h s i d e o f t h e r e a c t o r b u i l d i n g . V e n t and o v e r f l o w l i n e , 

5 6 1 4 , d r a i n s i n t o a l i m e s t o n e - f i l l e d d r a i n t o t h e p r o c e s s w a s t e d i s p o s a l 

s y s t e m . T h e t a n k can be d r a i n e d and f l u s h e d o u t t o t h e p r o c e s s w a s t e 

s y s t e m t h r o u g h l i n e 5 6 1 5 . A c i d l e v e l i n s i d e t h e t a n k i s i n d i c a t e d by 

s i g h t g l a s s L I - 4 6 2 . 

T h e c o n c e n t r a t e d a c i d f l o w s by g r a v i t y t h r o u g h l i n e 5 6 0 0 t o t h e 

4 5 4 2 - 1 ( 1 2 0 0 - g a l ) n i t r i c a c i d day t a n k ( A T - 4 ) l o c a t e d on t h e g r o u n d 

f l o o r o f t h e r e a c t o r b u i l d i n g . H e r e p r o c e s s w a t e r f r o m l i n e 1 8 2 8 i s 

m i x e d w i t h t h e c o n c e n t r a t e d a c i d t o d i l u t e i t t o a 5% s o l u t i o n . Pump 

P U - 1 5 i s u s e d b o t h t o m i x t h e s o l u t i o n ( t h r o u g h l i n e 5 6 0 5 ) a n d t o pump 

t h e s o l u t i o n t o t h e p r i m a r y d e m i n e r a l i z e r and f i l t e r s y s t e m , t h e p l a n t 

d e m i n e r a l i z e r , and t h e p o o l c o o l a n t d e r a i n e r a l l z e r and f i l t e r s y s t e m . 

1 0 . 5 . 3 C a u s t i c s t o r a g e a n d d i s t r i b u t i o n 

C o n c e n t r a t e d c a u s t i c ( 5 0 % ) i s r e c e i v e d by t r u c k and s t o r e d i n a 

7 5 7 0 - 1 ( 2 0 0 0 - g a l ) t a n k ( C . \ T - 8 ) l o c a t e d above g r o u n d on t h e n o r t h s i d e o f 

t h e r e a c t o r b u i l d i n g . T l te t a n k i s i n s u l a t e d and s t e a m h e a t e d t o p r e v e n t 

t h e c a u s t i c f r o m s o l i d i f y i n g . T e m p e r a t u r e c o n t r o l v a l v e T C V - 4 4 4 

c o n t r o l s t h e t e m p e r a t u r e o f t h e t a n k a t 5 4 ° C ( 1 3 0 ° F ) . A l l l i n e s a s s o -

c i a t e d w i t h t h e t a n k h a v e s t e a m t r a c i n g and c o n n e c t i o n s f o r s t e a m c l e a n -

o u t . An o v e r f l o w and v e n t l i n e 6 0 1 4 opens i n t o a l i m e s t o n e f i l l e d d r a i n 

t o t h e p r o c e s s w a s t e s y s t e m l i n e 5 6 1 5 a l l o w s t h e t a n k t o be d r a i n e d and 

s t e a m e d o u t i n t o t h e p r o c e s s w a s t e s y s t e m . C a u s t i c l e v e l i n s i d e t h e 

t a n k i s i n d i c a t e d by s i g h t g l a s s L I - 4 6 1 . 

L i n e 6 0 0 0 a l l o w s c a u s t i c t o f l o w b y g r a v i t y f r o m t h e s t o r a g e t a n k 

i n t o t h e c a u s t i c day t a n k ( C A T - 5 ) l o c a t e d on t h e g r o u n d f l o o r o f t h e 
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F i g . 1 0 . 4 . N i t r i c a c i d s y s t e m . 
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r e a c t o r b u i l d i n g . P r o c e s s w a t e r f r o m l i n e 0 1 - 1 8 2 9 i s m i x e d w i t h t h e 

c o n c e n t r a t e d c a u s t i c i n t h e day t a n k t o d i l u t e i t t o a 5% s o l u t i o n . 

Pump P U - 1 6 i s u s e d b o t h t o m i x and c i r c u l a t e t h e 5% s o l u t i o n i n t h e day 

t a n k and t o t r a n s f e r t h e s o l u t i o n t o t h e p o o l d e m i n e r a l i z e r and c l e a n u p 

f i l t e r s y s t e m , t h e p r i m a r y c o o l a n t d e m i n e r a l i z e r and c l e a n u p f i l t e r 

s y s t e m s , t h e p l a n t d e m i n e r a l i z e r , and t h e ILW r e c e i v i n g t a n k . The day 

t a n k i s a l s o s t e a m h e a t e d and k e p t a t a c o n s t a n t t e m p e r a t u r e by t e m -

p e r a t u r e c o n t r o l v a l v e TCV- -445 . V e n t i n g i s t o t h e a t m o s p h e r e . 

S i g h t g l a s s L I - 4 4 2 i n d i c a t e s t h e c a u s t i c l e v e l i n s i d e t h e t a n k . An 

o v e r f l o w l i n e e m p t i e s i n t o t h e p r o c e s s w a s t e s y s t e m . 

1 0 . 5 . 4 S u l f u r i c a c i d s t o r a g e and d i s t r i b u t i o n ( F i g . 1 0 . 6 ) 

C o n c e n t r a t e d s u l f u r i c a c i d ( 9 3 % ) i s r e c e i v e d by t r u c k and s t o r e d i n 

a 1 8 , 9 2 5 - 1 ( 5 , 0 0 0 - g a l ) s t a i n l e s s s t e e l t a n k ( A T - 1 ) l o c a t e d a b o v e g r o u n d 

n e a r t h e c o o l i n g t o w e r e q u i p m e n t b u i l d i n g . 

T h e a c i d i s u s e d t o m a i n t a i n t h e s e c o n d a r y c o o l a n t w a t e r pH a t a 

c o n s t a n t v a l u e . I t f l o w s f r o m t h e s t o r a g e t a n k by g r a v i t y t h r o u g h l i n e 

5 8 0 2 t o t h e two p a r a l l e l a c i d m e t e r i n g pumps, P U - 1 A a n d - I B . N o r m a l l y , 

o n l y one m e t e r i n g pump i s i n o p e r a t i o n w h i l e t h e o t h e r i s on s t a n d b y . 

F r o m h e r e i t i s s e n t t o a c i d m i x e r , A M - 1 , w h e r e i t I s d i l u t e d w i t h p r o -

c e s s w a t e r f r o m l i n e 2 2 0 8 . B a c k f l o w p r e v e n t e r S P - 0 5 - 1 p r e v e n t s a c i d 

f r o m e n t e r i n g t h e p o t a b l e w a t e r s y s t e m . A f t e r d i l u t i o n , t h e a c i d f l o w s 

i n t o t h e c o o l i n g t o w e r b a s i n t h r o u g h l i n e 7 1 0 0 . 

1 0 . 6 S t e a m 

1 0 . 6 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 0 1 , - 7 1 0 2 

1 5 4 6 - 0 5 - U - 7 1 4 0 

U t i l i t y P l a n s 

S team F l o w D i a g r a m 



F i g . 1 0 , 6 . S e c o n d a r y c o o l a n t c h e m i c a l t r e a t m e n t . 
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1 5 4 6 - 0 l - H & V — 3 0 1 7 S team S e r v i c e P i p i n g 

1 5 4 6 - 0 2 - H & V - 3 0 4 2 O f f i c e and M a i n t e n a n c e B u i l d i n g S t e a m F l o w 

D i a g r a m 

1 5 4 6 - 0 1 - H & V - 3 0 0 3 R e a c t o r B u i l d i n g S t e a m F l o w D i a g r a m 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

7 3 S t e a m D i s t r i b u t i o n and S t e a m T r a c i n g S y s t e m 

1 0 . 6 . 2 I n t r o d u c t i o n ( F i g . 1 0 . 7 ) 

S t e a m i s f u r n i s h e d t o t h e H F I R f a c i l i t y f r o m t h e ORNL s t e a m p l a n t . 

A 1 5 . 2 5 - c m ( 6 - i n . ) h i g h - p r e s s u r e s t e a m l i n e , 1 . 7 2 4 MPa ( 2 5 0 p s i g ) , e n t e r s 

t h e a r e a f r o m t h e n o r t h and c o n t i n u e s a l o n g t h e e a s t f e n c e t o a p o i n t 

e a s t o f t h e r e a c t o r b u i l d i n g . H e r e , a 1 0 - c m ( 4 - i n . ) l i n e , c o n t r o l l e d by 

v a l v e V - 3 0 0 4 , g o e s w e s t t o t h e n o r t h s i d e o f t h e r e a c t o r b u i l d i n g . I t 

e n t e r s room G - l i n t h e r e a c t o r b u i l d i n g a t a p p r o x i m a t e l y t h e 2 5 2 - m 

( 8 2 7 - f t ) l e v e l . I n room G - l , t h e p r e s s u r e i s r e d u c e d and t h e s t e a m i s 

m e t e r e d b e f o r e b e i n g d i s t r i b u t e d t h r o u g h o u t t h e a r e a . The f l o w p a t t e r n 

t h r o u g h t h i s s e c t i o n i s as f o l l o w s : 

1 . S team e n t e r s t h e p r e s s u r e r e d u c i n g s t a t i o n w h e r e t h e p r e s s u r e 

i s l o w e r e d t o 8 6 2 k P a gage ( 1 2 5 p s i g ) b y two p a r a l l e l p r e s s u r e 

c o n t r o l v a l v e s . Any c o n d e n s a t e i s b y p a s s e d t o a f l a s h t a n k and 

t h e s t o r m d r a i n . 

2 . D o w n s t r e a m f r o m t h e r e d u c i n g s t a t i o n t h e s t e a m i s m e t e r e d by a > 

s t a i n l e s s s t e e l d i a p h r a g m - t y p e m e t e r , R - l . A f t e r b e i n g m e t e r e d 

t h e 8 6 2 - k P a gage ( 1 2 5 - p s i g ) s t e a m i s c h a n n e l e d i n t o two 

s y s t e m s , t h e p r o c e s s s t e a m s y s t e m and t h e p l a n t s t e a m h e a t i n g 

s y s t e m . 

1 0 . 6 . 3 P r o c e s s s t e a m s y s t e m 

T h e 7 . 6 - c m ( 3 - i n . ) p r o c e s s s t e a m m a i n f u r n i s h e s a maximum o f 1 8 1 5 

k g / h ( 4 0 0 0 l b / h ) o f 8 6 2 k P a gage ( 1 2 5 p s i g ) s t e a m t o t h e p r o c e s s e q u i p -

ment as f o l l o w s : 
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1 . A 7 . 6 - c m ( 3 - i n . ) l i n e w h i c h can s u p p l y a maximum o f 1406 k g / h 

( 3 1 0 0 l b / h ) t o t h e e l e v a t o r sump p i t e j e c t o r and t h e p r o c e s s 

w a s t e d r a i n a g e sump e j e c t o r s . The e l e v a t o r sump p i t i s e m p t i e d 

by m a n u a l l y v a l v i n g s t e a m t o e j e c t o r E J - 5 . P r o c e s s w a s t e i s 

j e t t e d f r o m t h e p r o c e s s w a s t e sump by e j e c t o r s EJ—4 and EJ—5 

w h i c h a r e p i p e d i n p a r a l l e l . T h e y a r e a c t i v a t e d by l e v e l 

c o n t r o l v a l v e L C V - 7 1 0 A when t h e l e v e l o f w a s t e i n t h e sump 

r e a c h e s an e l e v a t i o n of 2 3 0 m ( 7 8 8 f t ) . 

2 . A 5 . 1 - c m ( 2 - i n . ) l i n e w h i c h can s u p p l y a maximum o f 295 k g / h 

( 6 5 0 l b / h ) o f 8 6 2 k P a gage ( 1 2 5 p s i g ) s t e a m t o t h e f o l l o w i n g 

e q u i p m e n t : 

a . 113 k g / h ( 2 5 0 l b / h ) t o t h e p o o l d e a e r a t o r h i g h and l o w 

vacuum e j e c t o r s , EJ—3 and E J - 4 r e s p e c t i v e l y . The two 

e j e c t o r s can be a u t o m a t i c a l l y c u t o f f b y L S V - 4 7 6 ( s e e 

S e c t i o n 6 . 4 . 2 ) . 

b . P o o l c l e a n u p f i l t e r s i n t e r m i t t e n t u s e . 

c . P o o l d e m i n e r a l i z e r f i l t e r , i n t e r m i t t e n t u s e . 

d . T h e p r i m a r y d e a e r a t o r h i g h vacuum and l o w - v a c u u m e j e c t o r s , 

EJ—1 and E J - 2 , r e s p e c t i v e l y , use 113 k g / h ( 2 5 0 l b / h ) . 

T h e s e e j e c t o r s can be a u t o m a t i c a l l y c u t o f f by L S V - 2 0 4 . 

3 . S team i s s u p p l i e d t o t h e p r i m a r y c l e a n u p s y s t e m f i l t e r s t h r o u g h 

a 2 . 5 - c m ( 1 - i n . ) l i n e f o r i n t e r m i t t e n t u s e . 

4 . A maximum o f 45 k g / h ( 1 0 0 l b / h ) o f s t e a m i s s u p p l i e d t o t h e 

c a u s t i c day t a n k , C A T - 5 . The t e m p e r a t u r e o f t h e c a u s t i c i s 

c o n t r o l l e d by T C V - 4 4 5 . 

1 0 . 6 . 4 P l a n t s t e a m h e a t i n g s y s t e m 

S t e a m f o r t h e h e a t i n g s y s t e m s i s s e n t i n two d i r e c t i o n s , t o t h e 

o f f i c e and m a i n t e n a n c e b u i l d i n g w h i c h u s e s a maximum o f 635 k g / h ( 1 4 0 0 
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l b / h ) , and t o t h e r e a c t o r b u i l d i n g , e l e c t r i c a l b u i l d i n g , and t h e c o o l i n g 

t o w e r e q u i p m e n t b u i l d i n g w h i c h , c o m b i n e d , u s e a maximum o f 3 2 2 0 k g / h 

( 7 1 0 0 I b / h ) . 

R e a c t o r b u i l d i n g and a d j a c e n t a r e a s . I n room G - l j u s t d o w n s t r e a m 

f r o m t h e m e t e r i n g e q u i p m e n t , t h e 8 6 2 - k P a gage ( 1 2 5 - p s i g ) s t e a m i s r e d u c e d 

t o 103 k P a gage ( 1 5 p s i g ) by two p a r a l l e l r e d u c i n g v a l v e s f o r t h e h e a t i n g 

s y s t e m . I n t h e r e a c t o r b u i l d i n g , 2 9 8 9 k g / h ( 6 5 9 0 l b / h ) i s a v a i l a b l e f o r 

h e a t i n g and v e n t i l a t i n g and 7 3 k g / h ( 1 6 0 l b / h ) i s u s e d by t h e d o m e s t i c 

h o t w a t e r h e a t e r s . 

L e a v i n g t h e r e a c t o r b u i l d i n g a t t h e s o u t h e a s t c o r n e r , a 6 . 3 5 - c m 

( 2 1 / 2 - i n . ) l i n e s u p p l i e s a maximum o f 159 k g / h ( 3 5 0 l b / h ) t o t h e 

e l e c t r i c a l b u i l d i n g w h e r e 113 k g / h ( 2 5 0 l b / h ) i s u s e d f o r s p a c e h e a t i n g 

a n d 45 k g / h ( 1 0 0 l b / h ) i s s e n t on t o t h e c o o l i n g t o w e r e q u i p m e n t 

b u i l d i n g f o r use i n s p a c e h e a t i n g and s t e a m t r a c i n g . 

T h e c a u s t i c s t o r a g e t a n k , C A T - 8 , i s h e a t e d by s t e a m t o k e e p t h e 

c a u s t i c f r o m s o l i d i f y i n g . The t a n k a l s o has a s t e a m o u t c o n n e c t i o n and 

s t e a m t r a c i n g l i n e s f o r f r e e z e p r o t e c t i o n t o i t s i n s t r u m e n t a t i o n . 

O f f i c e and m a i n t e n a n c e b u i l d i n g . F r o m room G - l i n t h e r e a c t o r 

b u i l d i n g a l i n e f u r n i s h e s a maximum o f 635 k g / h ( 1 4 0 0 l b / h ) o f 8 6 2 - k P a 

g a g e ( 1 2 5 - p s i g ) s t e a m t o t h e o f f i c e and m a i n t e n a n c e b u i l d i n g . T h i s l i n e 

e n t e r s t h e b u i l d i n g v i a a p i t b e l o w t h e n o r t h e a s t c o r n e r o f t h e u t i l i t y 

r o o m . I n t h e u t i l i t y r o o m , t h e 8 6 2 - k P a g a g e ( 1 2 5 - p s i g ) s t e a m p r e s s u r e 

i s r e d u c e d t o 103 k P a gage ( 1 5 p s i g ) by two p r e s s u r e r e d u c e r s i n s t a l l e d 

i n s e r i e s . The 1 0 3 - k P a gage ( 1 5 - p s i g ) s t e a m i s t h e n u s e d i n d i r e c t l y by 

t h e b u i l d i n g h e a t i n g and v e n t i l a t i n g s y s t e m . 
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10.7 Instrument Air System 

1 0 . 7 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - U - 7 1 4 6 I n s t r u m e n t A i r F l o w D i a g r a m 

1 5 4 6 - 0 1 - M - 5 5 1 3 P i p i n g D r a w i n g s 

R C 1 1 - 8 - 2 A i r F l o w D i a g r a m 

P - 2 0 9 7 7 - E C - 2 2 , 0 0 6 , 0 0 7 P i p i n g A r r a n g e m e n t 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s 54 and 79 

1 0 . 7 . 2 I n t r o d u c t i o n ( F i g s . 1 0 . 8 and 1 0 . 9 ) 

Compressed a i r f o r i n s t r u m e n t usage i s p r o d u c e d by two 1 1 . 5 - m 3 / m i n 
o 

( 4 0 5 - c f m ) c o m p r e s s o r s and one 3 . 8 - m / m i n ( 1 3 5 — c f m ) c o m p r e s s o r , any one 

o f w h i c h i s s u f f i c i e n t f o r n o r m a l u s a g e . A s m a l l e r e m e r g e n c y c o m p r e s s o r 

c a n s u p p l y 0 . 6 m 3 / m i n ( 2 0 c f m ) t o t h e p n e u m a t i c a l l y o p e r a t e d s e r v o s y s t e m 

i n t h e e v e n t o f f a i l u r e o f t h e n o r m a l s y s t e m . T h e n o r m a l a i r s y s t e m 

c o m p r e s s o r s d raw b u i l d i n g a i r t h r o u g h t h e i r i n l e t f i l t e r s , compress i t , 

a n d t h e n d i s c h a r g e i t t h r o u g h t h e i r a f t e r c o o l e r s and m o i s t u r e s e p a r a t o r s 

i n t o t h e two a i r r e c e i v e r s . The two p a r a l l e l a i r r e c e i v e r s s u p p l y a i r 

t h r o u g h p r e f i l t e r s , a i r d r y e r s , and a f t e r f i l t e r s t o t h e a i r d i s t r i b u t i o n 

s y s t e m . 

T h e e m e r g e n c y a i r c o m p r e s s o r i s l o c a t e d on t h e f i r s t f l o o r n e a r t h e 

s o u t h w a l l o f t h e w a t e r w i n g o f t h e r e a c t o r b u i l d i n g . N o r m a l a i r s y s t e m 

c o m p r e s s o r s a r e l o c a t e d on t h e g r o u n d f l o o r a t t h e w e s t end o f t h e w a t e r 

w i n g . 

1 0 . 7 . 3 C o n t r o l s y s t e m 

T h e o p e r a t i n g c o m p r e s s o r , u s u a l l y C - 1 A , o r C - 1 B , r u n s c o n t i n u o u s l y 

e i t h e r a t f u l l l o a d or a t no l o a d . I t i s a u t o m a t i c a l l y l o a d e d when 

t h e a i r r e c e i v e r p r e s s u r e d r o p s t o 414 kPa gage ( 6 0 p s i g ) a n d u n l o a d e d 

when t h e a i r r e c e i v e r p r e s s u r e r e a c h e s 4 8 3 k P a gage ( 7 0 p s i g ) . T h i s 
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c o m p r e s s o r i s s u p p l i e d power f r o m t h e n o r m a l power s y s t e m and w i l l n o t 

r u n d u r i n g a n o r m a l power o u t a g e . The c o m p r e s s o r h a s , h o w e v e r , a s t a n d b y -

s t a r t f e a t u r e w h e r e b y i t s t a r t s a u t o m a t i c a l l y when t h e r e c e i v e r p r e s s u r e 

d r o p s t o 365 kPa gage ( 5 3 p s i g ) . 

O t h e r c o n t r o l f e a t u r e s o f C - 1 A c o m p r e s s o r a r e as f o l l o w s : 

a . An o i l - p r e s s u r e s w i t c h w h i c h s h u t s down t h e c o m p r e s s o r when t h e 

o i l pump d i s c h a r g e p r e s s u r e d r o p s t o 103 kPa g a g e ( 1 5 p s i g ) . A 

t i m e - d e l a y r e l a y p r e v e n t s o p e r a t i o n o f t h i s f e a t u r e when s t a r t -

i n g t h e c o m p r e s s o r . T h i s s w i t c h a l s o o p e r a t e s t h e r u n n i n g l i g h t 

l o c a t e d i n t h e m a i n c o n t r o l room. 

b . A w a t e r - f l o w s w i t c h w h i c h s h u t s down t h e c o m p r e s s o r upon l o s s o f 

c o o l i n g w a t e r f l o w t o t h e c o m p r e s s o r c y l i n d e r h e a d . A t i m e - d e l a y 

r e l a y a l s o p r e v e n t s o p e r a t i o n o f t h i s f e a t u r e when s t a r t i n g t h e 

c o m p r e s s o r . 

c . A c o m p r e s s o r m a i n - b e a r i n g - t e m p e r a t u r e s w i t c h s h u t s t h e com-

p r e s s o r down when t h e b e a r i n g t e m p e r a t u r e r e a c h e s 7 1 ° C ( 1 6 0 ° F ) . 

d . A t e m p e r a t u r e s w i t c h s h u t s t h e c o m p r e s s o r down when t h e com-

p r e s s o r o u t p u t a i r t e m p e r a t u r e r e a c h e s 2 3 2 ° C ( 4 5 0 ° F ) . 

e . P r e s s u r e s w i t c h P S - 6 5 1 a i n i t i a t e s a n a l a r m i n t h e c o n t r o l r o o m 

a n d s t a r t s t h e s t a n d b y c o m p r e s s o r when t h e a i r r e c e i v e r p r e s s u r e 

d r o p s t o 3 6 5 k P a gage ( 5 3 p s i g ) . 

f . A " S t a n d b y - O f f - S t a r t " s e l e c t o r s w i t c h i s l o c a t e d i n t h e m a i n 

c o n t r o l room t o s e l e c t i t s o p e r a t i n g mode. T h e l o c a l " O f f - A u t o " 

s w i t c h a l l o w s a l o c a l s t o p f e a t u r e . 

g . I n d i c a t i n g l i g h t s i n t h e m a i n c o n t r o l room i n d i c a t e " o f f , " 

" s t a n d b y , " and " r u n n i n g " c o n d i t i o n s . 
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h . Two p r e s s u r e i n d i c a t o r s a r e l o c a t e d i n t h e m a i n c o n t r o l room t o 

g i v e " n o r m a l " and " e m e r g e n c y " a i r s y s t e m p r e s s u r e i n d i c a t i o n s . 

i . A t e m p e r a t u r e s w i t c h l o c a t e d i n t h e m a i n h e a d e r d o w n s t r e a m of 

t h e a f t e r c o o l e r s a c t u a t e s a n a l a r m i n t h e m a i n c o n t r o l room i f 

t h e a i r t e m p e r a t u r e e x c e e d s 4 3 ° C ( 1 1 0 ° F ) . 

A i r c o m p r e s s o r s C - 1 B and C - 1 C , u s u a l l y on s t a n d b y , o p e r a t e i n e x a c t l y 

t h e same manner as C - 1 A w i t h t h e e x c e p t i o n t h a t C - 1 B i s s u p p l i e d power 

f r o m t h e N o . 2 N o r m a l - E m e r g e n c y S y s t e m and C - 1 C i s s u p p l i e d power f r o m 

t h e N o . 1 N o r m a l - E m e r g e n c y S y s t e m . 

A m o i s t u r e d e t e c t o r , A m I - 6 2 7 , l o c a t e d on t h e m a i n d i s t r i b u t i o n h e a d e r , 

m e a s u r e s m o i s t u r e c o n t e n t o f t h e o u t p u t a i r . I t i n e f f e c t m e a s u r e s t h e 

e f f i c i e n c y o f t h e a i r d r y e r s and m o i s t u r e s e p a r a t o r s . 

1 0 . 7 . 4 Emergency o p e r a t i o n 

A i r c o m p r e s s o r C - 1 A i s o p e r a t e d f r o m t h e n o r m a l p o w e r s y s t e m t h r o u g h 

MCC " A . " I n t h e e v e n t o f a f a i l u r e o f n o r m a l p o w e r , t h e c o m p r e s s o r w i l l 

s t o p and w i l l n o t r e s t a r t u n t i l n o r m a l power s e r v i c e i s r e s t o r e d . 

A i r c o m p r e s s o r C - 1 B i s o p e r a t e d f r o m t h e N o . 2 n o r m a l - e m e r g e n c y power 

d i s t r i b u t i o n s y s t e m t h r o u g h t h e 2 2 5 - a m p w e s t bus d u c t i n t h e e x p e r i m e n t 

r o o m . I n t h e e v e n t o f a f a i l u r e o f n o r m a l p o w e r , t h e c o m p r e s s o r w i l l 

s t a r t 3 0 s a f t e r t h e N o . 2 d i e s e l g e n e r a t o r assumes t h e l o a d i f t h e 

r e c e i v e r a i r p r e s s u r e has d r o p p e d t o 365 kPa gage ( 5 3 p s i g ) . 

C o m p r e s s o r C - 1 C o p e r a t e d f r o m t h e N o . 1 n o r m a l - e m e r g e n c y power d i s -

t r i b u t i o n s y s t e m t h r o u g h MCC " E . " I n t h e e v e n t o f a f a i l u r e o f n o r m a l 

p o w e r , t h e c o m p r e s s o r w i l l s t a r t 30 s a f t e r t h e N o . 1 d i e s e l g e n e r a t o r 

assumes t h e l o a d i f t h e r e c e i v e r a i r p r e s s u r e has d r o p p e d t o 365 k P a 

gage ( 5 3 p s i g ) . 

I f t h e a i r p r e s s u r e a t t h e t h r e e a i r r e c e i v e r s w h i c h s u p p l y t h e 

s e r v o sys tems d r o p s t o 296 kPa ( 4 3 p s i g ) , t h e e m e r g e n c y a i r c o m p r e s s o r 
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C - 3 w i l l s t a r t . T h i s c o m p r e s s o r l o a d s a t 4 1 4 k P a gage ( 6 0 p s i g ) a n d 

u n l o a d s a t 4 8 3 k P a gage ( 7 0 p s i g ) . I t i s o p e r a t e d f r o m t h e N o . 2 n o r m a l -

e m e r g e n c y power d i s t r i b u t i o n s y s t e m t h r o u g h t h e 2 2 5 - a m p w e s t bus d u c t i n 

t h e e x p e r i m e n t room. I n t h e e v e n t o f a f a i l u r e o f n o r m a l p o w e r , t h e 

c o m p r e s s o r w i l l s t a r t 30 s a f t e r t h e N o . 2 d i e s e l g e n e r a t o r assumes t h e 

l o a d i f t h e s e r v o s y s t e m a i r p r e s s u r e has d r o p p e d t o 2 9 6 k P a gage ( 4 3 

p s i g ) . 

P r e s s u r e s w i t c h e s P S - 6 5 4 , - 6 5 5 , and - 6 5 6 a c t u a t e a l a r m s on p a n e l s B , 

C , a n d D , r e s p e c t i v e l y , i n t h e m a i n c o n t r o l room s h o u l d t h e p r e s s u r e i n 

t h e t h r e e s e r v o s y s t e m s a i r r e c e i v e r s d r o p t o 2 2 1 k P a g a g e ( 3 2 p s i g ) . 

1 0 . 8 E l e c t r i c a l S y s t e m 

1 0 . 8 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 - 0 5 - E - 2 0 0 1 

1 5 4 6 - 0 4 - E - 2 0 0 2 

1 5 4 6 - 0 1 - E - 2 0 0 3 

1 5 4 6 - 0 1 - E - 2 0 0 4 

1 5 4 6 - 0 4 - E - 2 0 0 5 

1 5 4 6 - 0 4 - E - 2 0 0 6 

1 5 4 6 - 0 4 - E - 2 0 0 7 

1 5 4 6 - 0 4 - E - 2 0 0 8 

1 5 4 6 - 0 l - E - 2 0 0 9 

E l e c t r i c a l Key P l a n s 

N o r m a l P o w e r — 1 3 . 8 - k V 2 . 4 - k V D i s t r i b u t i o n 

4 8 0 - V N o r m a l P o w e r — S u b s t a t i o n N o . 1 , R e a c t o r 
B u i l d i n g 

4 8 0 - V N o r m a l P o w e r — S u b s t a t i o n N o . 2 , R e a c t o r 
B u i l d i n g 

4 8 0 - V N o r m a l P o w e r — S u b s t a t i o n N o . 3 , E l e c t r i c a l 
B u i l d i n g 

4 8 0 - V N o r m a l P o w e r — S u b s t a t i o n N o . 4 , E l e c t r i c a l 

B u i l d i n g 

N o r m a l - E m e r g e n c y S y s t e m N o . 1 a n d F a i l - F r e e 
S y s t e m 

N o r m a l - E m e r g e n c y S y s t e m N o . 2 

I n s t r u m e n t Power 
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1 0 . 8 . 2 D e s c r i p t i o n o f s y s t e m s ( F i g . 1 0 . 1 0 ) 

A l l e l e c t r i c a l l o a d s w i t h t h e H F I R c o m p l e x a r e s e r v e d by o n e , o r 

m o r e , o f f o u r power s y s t e m s as d e t e r m i n e d by t h e n a t u r e and i m p o r t a n c e 

o f t h e l o a d . T h e s e f o u r power s y s t e m s a r e : 

1 . n o r m a l s y s t e m , 

2 . n o r m a l - e m e r g e n c y s y s t e m , 

3 . f a i l - f r e e s y s t e m , and 

4 . i n s t r u m e n t - p o w e r s y s t e m . 

T o e n s u r e a h i g h d e g r e e o f s e r v i c e r e l i a b i l i t y t h e H F I R i s s u p p l i e d 

b y two 1 3 . 8 - k V , 3 - p h a s e , 6 0 - c y c l e a e r i a l f e e d e r s f r o m t h e m a i n ORNL 

1 5 4 - 1 3 . 8 - k V s u b s t a t i o n . One f e e d e r i s t h e p r e f e r r e d s u p p l y c i r c u i t , t h e 

s e c o n d f e e d e r i s an e m e r g e n c y a l t e r n a t e . T h e s e two f e e d e r s s u p p l y t h e 

n o r m a l - p o w e r s y s t e m . An a u t o m a t i c s w t i c h i n g s t a t i o n t r a n s f e r s t h e l o a d 

f r o m t h e p r e f e r r e d t o t h e a l t e r n a t e f e e d e r i n c a s e o f power i n t e r r u p t i o n 

on t h e p r e f e r r e d f e e d e r . I n t h e e v e n t of a n o r m a l - p o w e r f a i l u r e , i . e . , 

a f a i l u r e i n b o t h d i s t r i b u t i o n c i r c u i t s t o t h e H F I R , t h e l o a d s s e r v e d 

b y t h e n o r m a l - p o w e r s y s t e m a r e d r o p p e d o r t r a n s f e r r e d t o t h e n o r m a l -

e m e r g e n c y s y s t e m . 

T h e n o r m a l - e m e r g e n c y s y s t e m s e r v e s e s s e n t i a l l o a d s i n t h e e v e n t o f a 

n o r m a l - p o w e r s y s t e m f a i l u r e . D u r i n g s u c h a f a i l u r e , t h e s e e s s e n t i a l 

l o a d s a r e a u t o m a t i c a l l y t r a n s f e r r e d t o s t a n d b y d i e s e l - g e n e r a t o r u n i t s . 

An u l t r a - r e l i a b l e s y s t e m , d e s i g n a t e d as t h e f a i l - f r e e s y s t e m , i s 

p r o v i d e d f o r c e r t a i n c r i t i c a l l o a d s w h i c h , i f t h e y w e r e t o be d r o p p e d , 

m i g h t cause s e r i o u s h a z a r d t o p e r s o n n e l o r r e s u l t i n s e r i o u s damage t o 

e q u i p m e n t . T h i s s y s t e m i n c l u d e s s t o r a g e b a t t e r i e s and b a t t e r y c h a r g e r s 

i n p a r a l l e l w i t h t h e n o r m a l - e m e r g e n c y s u p p l y c i r c u i t t o p r o v i d e power 

s h o u l d t h e d i e s e l s f a i l t o s t a r t . 
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S e p a r a t e c i r c u i t s d e s i g n a t e d a s i n s t r u m e n t - p o w e r s y s t e m s a r e u s e d t o 

s u p p l y t h e r e a c t o r and e x p e r i m e n t i n s t r u m e n t a t i o n . T h e s e s y s t e m s s e r v e 

s e n s i t i v e e l e c t r o n i c c i r c u i t s and a r e k e p t f r e e o f v o l t a g e and f r e q u e n c y 

d i s t u r b a n c e s . Power i s s u p p l i e d b y t h e n o r m a l s u p p l y s y s t e m t h r o u g h t r a n s -

f o r m e r s w i t h e l e c t r o s t a t i c a l l y s h i e l d e d s e c o n d a r y w i n d i n g s . P r e c a u t i o n s 

h a v e b e e n t a k e n t o e n s u r e a d e q u a t e e l e c t r o m a g n e t i c s h i e l d i n g o f t h e e n t i r e 

i n s t r u m e n t - p o w e r s y s t e m . 

1 0 . 8 . 3 D e s c r i p t i o n o f e q u i p m e n t 

N o r m a l - p o w e r s y s t e m . 

1 . 1 3 . 8 - k V s w i t c h i n g s t a t i o n 

T h e H F I R i s s u p p l i e d by two 1 3 . 8 - k V f e e d e r s , one a n o r m a l 

s u p p l y and t h e o t h e r a n e m e r g e n c y a l t e r n a t e . B o t h f e e d e r s a r e 

b r o u g h t t o a 1 3 . 8 - k V s w i t c h i n g s t a t i o n i n t h e H F I R e l e c t r i c a l 

b u i l d i n g . T h i s s t a t i o n c o n s i s t s o f an i n d o o r , c o m p l e t e l y 

e n c l o s e d , m e t a l - c l a d a s s e m b l y w h i c h c o n t a i n s : 

a . Two 1 3 . 8 - k V d r a w o u t , e l e c t r i c a l l y o p e r a t e d , a i r c i r c u i t 

b r e a k e r s , o n e f o r e a c h i n c o m i n g l i n e , w i t h a s s o c i a t e d 

r e l a y i n g , m e t e r i n g , a n d c o n t r o l e q u i p m e n t . The b r e a k e r s 

a r e r a t e d a t 1 2 0 0 A c o n t i n u o u s l y , 500 -MVA i n t e r r u p t i n g 

c a p a c i t y , 9 5 - k V b a s i c i m p u l s e l e v e l . The b r e a k e r s h a v e dc 

t r i p c o i l s . E a c h b r e a k e r i s p r o v i d e d w i t h an ammeter and 

ammeter s w i t c h , v o l t m e t e r and v o l t m e t e r s w i t c h and 

s u i t a b l e r e l a y s . R e l a y s i n c l u d e 2 - p h a s e o v e r c u r r e n t 

r e l a y s and a g r o u n d r e l a y . A s i n g l e w a t t - h o u r m e t e r w i t h 

a demand a t t a c h m e n t i s p r o v i d e d t o m e a s u r e t h e H F I R l o a d . 

b . C o n t r o l e q u i p m e n t f o r t h e a u t o m a t i c t r a n s f e r scheme. 

c . S i x , 6 0 0 - A , m a n u a l l y - o p e r a t e d , f u s e d i n t e r r u p t e r s w i t c h e s . 

F i v e o f t h e i n t e r r u p t e r s w i t c h e s s e r v e l o a d c e n t e r s u b s t a -

t i o n s . One i n t e r r u p t e r s w i t c h s e r v e s t h e i n s t r u m e n t - p o w e r 
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t r a n s f o r m e r s . T h e s w i t c h e s a r e o p e r a b l e f r o m o u t s i d e t h e 

s w i t c h c u b i c l e and a r e p r o v i d e d w i t h q u i c k - m a k e , q u i c k -

b r e a k m e c h a n i s m s , so d e s i g n e d t h a t t h e s p e e d o f o p e n i n g o r 

c l o s i n g i s i n d e p e n d e n t o f t h e o p e r a t i n g m o t i o n . T h e 

s w i t c h e s a r e c a p a b l e o f c l o s i n g a g a i n s t a f u l l s h o r t c i r -

c u i t and h a v e a b a s i c i m p u l s e l e v e l o f 9 5 - k V . 

d . P r o v i s i o n s f o r f u t u r e a d d i t i o n o f two f u s e d - i n t e r r u p t e r 

s w i t c h e s . 

The H F I R l o a d i s n o r m a l l y c a r r i e d by t h e " p r e f e r r e d " 

1 3 . 8 - k V f e e d e r c i r c u i t . I n t h e e v e n t o f a s u s t a i n e d u n d e r -

v o l t a g e or a l o s s o f v o l t a g e on t h e p r e f e r r e d f e e d e r , t h e l o a d 

i s a u t o m a t i c a l l y t r a n s f e r r e d t o t h e a l t e r n t a t e f e e d e r a f t e r a 

d e l a y o f a p p r o x i m a t e l y 2 s , i f v o l t a g e i s a v a i l a b l e on i t . I f 

v o l t a g e i s l o s t on b o t h f e e d e r s , no t r a n s f e r t a k e s p l a c e . 

R e t u r n t o t h e p r e f e r r e d f e e d e r , a f t e r a t r a n s f e r t o t h e a l t e r -

n a t e f e e d e r , i s a m a n u a l o p e r a t i o n . A d e a d - b u s t r a n s f e r i s 

e f f e c t e d by o p e r a t i o n o f t h e c i r c u i t b r e a k e r c o n t r o l s w i t c h e s . 

A l i v e - b u s t r a n s f e r , i n w h i c h b o t h b r e a k e r s a r e m o m e n t a r i l y 

c l o s e d , c a n be e f f e c t e d w i t h t h e l i v e bus t r a n s f e r s w i t c h . 

T h i s t h r e e - p o s i t i o n s w i t c h i s m a r k e d " T r a n s f e r f r o m H F I R 

C i r c u i t No . 3 — N o r m a l — T r a n s f e r f r o m C i r c u i t N o . 3 t o H F I R 

C i r c u i t " and i s s p r i n g l o a d e d t o r e t u r n to " N o r m a l . " When h e l d 

i n t h e " T r a n s f e r f r o m C i r c u i t N o . 3 t o H F I R C i r c u i t " p o s i t i o n 

t h e p r e f e r r e d b r e a k e r w i l l c l o s e ( p a r a l l e l i n g b o t h c i r c u i t s 

m o m e n t a r i l y ) a n d i s f o l l o w e d by an i m m e d i a t e t r i p o u t o f t h e 

a l t e r n a t e b r e a k e r . O p e r a t i o n i n t h e o t h e r p o s i t i o n i s s i m i l a r 

e x c e p t t h a t t h e c i r c u i t s a r e r e v e r s e d . A t w o - p o s i t i o n s e l e c t o r 

s w i t c h m a r k e d " H F I R C i r c u i t — C i r c u i t N o . 3 " I s mounted on t h e 
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e l e c t r i c a l c o n t r o l p a n e l . T h i s s w i t c h p e r m i t s e i t h e r o f t h e 

two f e e d e r s t o be s e l e c t e d as t h e p r e f e r r e d f e e d e r . The p r e -

c e d i n g d e s c r i p t i o n i s f o r t h e s e l e c t o r s w i t c h i n t h e " H F I R 

C i r c u i t " p o s i t i o n . I n t h e " C i r c u i t N o . 3 " p o s i t i o n , a u t o m a t i c 

t r a n s f e r t a k e s p l a c e f r o m c i r c u i t N o . 3 t o t h e HFIR. c i r c u i t f o r 

u n d e r v o l t a g e on C i r c u i t N o . 3 . I n t e r l o c k s a r e p r o v i d e d t o p r e -

v e n t a n y c i r c u i t t r a n s f e r when u n d e r v o l t a g e i s a c c o m p a n i e d by 

o v e r c u r r e n t . T h i s p r e v e n t s a t r a n s f e r due t o u n d e r v o l t a g e 

c a u s e d by a f a u l t w i t h i n t h e H F I R . 

2 . 1 3 . 8 - k V d i s t r i b u t i o n 

P o w e r f r o m t h e 1 3 . 8 - k V s w i t c h g e a r i s s u p p l i e d t o s e v e n 

t r a n s f o r m e r s . One o f t h e t r a n s f o r m e r s s u p p l i e s 2 4 0 0 - V p o w e r , 

f o u r s u p p l y 4 6 0 - V p o w e r , and two s u p p l y 1 2 0 / 2 4 0 - V i n s t r u m e n t 

p o w e r . T h r e e o f t h e 1 3 . 8 - k V — 4 6 0 - V t r a n f o r m e r s and t h e 

1 3 . 8 - k V — 2 4 0 0 - V t r a n s f o r m e r a r e l o c a t e d o u t s i d e t h e w e s t w a l l 

o f t h e e l e c t r i c a l b u i l d i n g . The o t h e r 1 3 . 8 - k V — 4 6 0 - V t r a n s -

f o r m e r i s l o c a t e d o u t s i d e t h e n o r t h w a l l o f t h e m a i n r e a c t o r 

b u i l d i n g . I n s t r u m e n t t r a n s f o r m e r s a r e l o c a t e d i n s i d e t h e 

e l e c t r i c a l b u i l d i n g . The o u t s i d e t r a n s f o r m e r s a r e mounted on 

c o n c r e t e p a d s w h i c h i n c l u d e a c u r b f o r o i l c o n t a i n m e n t . F i r e 

w a l l s a r e i n s t a l l e d b e t w e e n a d j a c e n t u n i t s w h e r e r e q u i r e d . 

C o n n e c t i o n s b e t w e e n t h e 1 3 . 8 - k V s w i t c h g e a r and t h e t r a n s f o r m e r s 

a r e made w i t h 3 - c o n d u c t o r , p a p e r - i n s u l a t e d , l e a d - c o v e r e d , 

n e o p r e n e - j a c k e t e d c a b l e s , r u n i n u n d e r g r o u n d c o n c r e t e e n c a s e d 

c o n d u i t . 

a . 1 3 . 8 - k V — 4 6 0 - V u n i t 

A c o m p l e t e v o l t a g e r e d u c t i o n u n i t c o n s i s t s o f an o i l -

f i l l e d t r a n s f o r m e r s u i t a b l e f o r o u t d o o r s e r v i c e w i t h an 
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i n t e g r a l o i l - f i l l e d d i s c o n n e c t s w i t c h , a 4 6 0 - V i n d o o r 

m e t a l - c l a d s w i t c h g e a r l i n e u p , and a m e t a l - e n c l o s e d bus 

d u c t b e t w e e n t h e t r a n s f o r m e r and s w i t c h g e a r . T h e t r a n s -

f o r m e r s a r e r a t e d a t 1 3 , 8 0 0 - V w y e — 4 6 0 - V d e l t a , 1 0 0 0 k V A , 

5 5 ° C r i s e , s e l f - c o o l e d , w i t h p r o v i s i o n f o r t h e a d d i t i o n o f 

f a n s w h i c h c a n i n c r e a s e t h e r a t i n g t o 1 2 5 0 k V A , 3 p h a s e , 

6 0 c y c l e s . T h e t r a n s f o r m e r s h a v e 1 3 . 8 - k V p o t - h e a d s f o r 

u n d e r g r o u n d , p a p e r - i n s u l a t e d , l e a d - c o v e r e d c a b l e e n t r a n c e . 

T h e 4 6 0 - V s w i t c h g e a r c o n s i s t s o f m a n u a l l y o p e r a t e d m a i n 

a n d f e e d e r b r e a k e r s i n t h r e e v e r t i c a l s t a c k s . . Power d i s -

t r i b u t i o n i s 4 6 0 - V d e l t a u n g r o u n d e d , w i t h g r o u n d d e t e c t i o n 

m o n i t o r i n g l i g h t s . S w i t c h g e a r i n s t r u m e n t , - 1 i o n c o n s i s t s o f 

a v o l t m e t e r and an ammeter w i t h t h e i r r e s p e c t i v e s w i t c h e s , 

b . 1 3 . 8 - k V — 2 4 0 0 - V u n i t 

T h e u n i t c o n s i s t s o f a n o i l - f i l l e d t r a n s f o r m e r f o r o u t -

d o o r u s e and a n i n d o o r l i n e u p o f h i g h - v o l t a g e , f u s e d , m o t o r 

s t a r t e r s , a m a i n t r a n s f o r m e r - s e c o n d a r y b r e a k e r , and a f e e d e r 

b r e a k e r . T h e t r a n s f o r m e r i s r a t e d a t 1 3 , 8 0 0 - V w y e — 2 4 0 0 - V 

d e l t a , 5 , 0 0 0 kVA s e l f - c o o l e d , 6 , 6 6 7 kVA f o r c e d a i r c o o l e d , 

3 p h a s e , 6 0 c y c l e s . T h e 2 , 4 0 0 - V u n g r o u n d e d d e l t a s y s t e m 

i s c o n v e r t e d i n t o a r e s i s t a n c e g r o u n d e d s y s t e m by a z i g - z a g 

g r o u n d i n g t r a n s f o r m e r and g r o u n d i n g r e s i s t o r . The z i g - z a g 

t r a n s f o r m e r i s c o n n e c t e d t o t h e s p a r e 2 4 0 0 - V f e e d e r b r e a k e r 

i n t h e l i n e u p . A 2 4 0 0 - V r e s i s t a n c e g r o u n d e d s y s t e m has t h e 

f o l l o w i n g a d v a n t a g e s o v e r a n u n g r o u n d e d o r s o l i d l y g r o u n d e d 

s y s t e m : 



10-37 

( a ) f r e e d o m f r o m t r a n s i e n t o v e r v o l t a g e s w h i c h o c c u r on 
u n g r o u n d e d s y s t e m , 

( b ) s i m p l e r e l a y i n g o f g r o u n d f a u l t s , and 

( c ) a r e d u c t i o n i n damage f r o m f a u l t c u r r e n t i n any 
s i n g l e p h a s e - t o - g r o u n d f a u l t . T h i s i s e s s e n t i a l 
b e c a u s e t h e 2 4 0 0 - V s y s t e m s e r v e s a l l t h e l a r g e , 
e x p e n s i v e m o t o r s . 

3 . E l e c t r i c a l b u i l d i n g ( F i g . 1 0 . 1 1 ) 

A s e p a r a t e e l e c t r i c a l b u i l d i n g , l o c a t e d j u s t s o u t h e a s t o f 

t h e m a i n r e a c t o r b u i l d i n g , h o u s e s t h e 1 3 . 8 - k V s w i t c h g e a r , t h e 

2 4 0 0 - V s w i t c h g e a r , t h e 4 6 0 - V s w i t c h g e a r , t h e two d i e s e l -

g e n e r a t o r s and t h e n o r m a l - e m e r g e n c y s w i t c h g e a r . T h i s c e n t r a l -

i z a t i o n o f m a j o r e l e c t r i c a l components s i m p l i f i e s o p e r a t i o n and 

m a i n t e n a n c e . 

N o r m a l - e m e r g e n c y power s y s t e m . P o w e r f o r e s s e n t i a l e q u i p m e n t and 

e m e r g e n c y l i g h t i n g c a n be p r o v i d e d by e i t h e r t h e n o r m a l power s u p p l y or 

t h e e m e r g e n c y d i e s e l - g e n e r a t o r s . The s w i t h g e a r , g e n e r a t o r s , and a s s o c i -

a t e d e q u i p m e n t r e q u i r e d t o e f f e c t t r a n s f e r s b e t w e e n t h e two power s o u r c e s 

a r e c a l l e d t h e n o r m a l - e m e r g e n c y power s y s t e m . Two i n d e p e n d e n t d i e s e l -

g e n e r a t o r s i n c r e a s e t h e r e l i a b i l i t y o f t h e e m e r g e n c y power s u p p l y . 

Power s u p p l y t o c r i t i c a l e q u i p m e n t , w h i c h a l r e a d y has a n i n s t a l l e d s p a r e , 

i s s p l i t b e t w e e n t h e two g e n e r a t o r s t o p r o t e c t a g a i n s t f a i l u r e o f one o f 

t h e d i e s e l s t o s t a r t . A l l n o r m a l - e m e r g e n c y c i r c u i t s a r e s u p p l i e d f r o m 

t h e n o r m a l e m e r g e n c y s w i t c h g e a r l o c a t e d i n t h e e l e c t r i c a l b u i l d i n g . 

T h i s s w i t c h g e a r i s n o r m a l l y s u p p l i e d by a 4 6 0 - V f e e d e r f r o m a l o a d 

c e n t e r t r a n s f o r m e r , b u t , i n t h e e v e n t o f a s u p p l y f a i l u r e , t h e l o a d i s 

a u t o m a t i c a l l y t r a n s f e r r e d t o t h e d i e s e l - g e n e r a t o r s . 
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F i g . 1 0 . 1 1 . E l e c t r i c a l e q u i p m e n t . 
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1 . Sequence o f o p e r a t i o n ( F i g s . 1 0 . 1 2 and 1 0 . 1 3 ) 

I n n o r m a l o p e r a t i o n b o t h n o r m a l - e m e r g e n c y s w i t c h g e a r N o . 1 

and N o . 2 a r e e n e r g i z e d f r o m t h e H F I R p r i m a r y f e e d e r . The 

d i e s e l — g e n e r a t o r s a r e n o t r u n n i n g , b u t t h e i r m a i n b r e a k e r s a r e 

c l o s e d . I n t h e e v e n t o f a s u s t a i n e d n o r m a l - p o w e r s u p p l y 

f a i l u r e o f a p p r o x i m a t e l y 2 - s d u r a t i o n , a u x i l i a r y c o n t a c t s i n 

t h e a u t o m a t i c t r a n s f e r s w i t c h e s s t a r t t h e d i e s e l s as f o l l o w s : 

a . T h e n o r m a l - e m e r g e n c y s y s t e m No . 1 w i l l : 

( 1 ) e n e r g i z e t h e d i e s e l e n g i n e s t a r t u p r e l a y t o c r a n k t h e 

e n g i n e , 

( 2 ) t r i p a l l o f t h e c i r c u i t b r e a k e r s i n t h e n o r m a l -

e m e r g e n c y s w i t c h g e a r N o . 1 e x c e p t t h e f e e d e r b r e a k e r 

t o MCC " G , " 

( 3 ) a p p l y a t r i p i m p u l s e t o t h e d i e s e l t e s t l o a d i n g c i r -

c u i t b r e a k e r , and 

( 4 ) c r a n k t h e d i e s e l i n t h e f o l l o w i n g c r a n k i n g c y c l e — 

" c r a n k f o r 15 s — w a i t f o r 15 s — c r a n k 15 s — w a i t f o r 

15 s — c r a n k f o r 15 s — s t o p . " 

b . T h e n o r m a l - e m e r g e n c y s y s t e m N o . 2 w i l l : 

( 1 ) d e - e n e r g i z e t h e s o l e n o i d c o i l s t o open t h e v a l v e s 

s u p p l y i n g a i r t o t h e a i r m o t o r [Two p a r a l l e l v a l v e s 

a r e p r o v i d e d so t h a t o p e n i n g e i t h e r one w i l l p e r m i t 

s u f f i c i e n t a i r f l o w to s t a r t t h e d i e s e l . ] , 

( 2 ) t r i p a l l c i r c u i t b r e a k e r s i n n o r m a l - e m e r g e n c y s w i t c h -

g e a r N o . 2 , e x c e p t t h e f e e d e r b r e a k e r t o MCC " H , " 
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F i g . 1 0 . 1 2 . N o r m a l - e m e r g e n c y s y s t e m N o . 1 . 
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F i g . 1 0 . 1 3 . N o r m a l - e m e r g e n c y s y s t e m N o . 2 , 
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( 3 ) a p p l y a t r i p i m p u l s e t o t h e d i e s e l t e s t l o a d i n g c i r -

c u i t b r e a k e r , a n d 

( 4 ) a l l o w c o m p r e s s e d a i r t o f l o w f r o m t h e r e s e r v o i r t o 

t h e a i r m o t o r u n t i l e i t h e r t h e s u p p l y o f a i r has been 

e x h a u s t e d o r t h e d i e s e l s t a r t s . 

When t h e d i e s e l - g e n e r a t o r i s d e l i v e r i n g a p p r o x i m a t e l y 90% o f 

i t s r a t e d v o l t a g e , t h e a u t o m a t i c t r a n s f e r s w i t c h t r a n s f e r s t o 

t h e e m e r g e n c y p o s i t i o n , t h e r e b y t r a n s f e r r i n g t h e f i r s t b l o c k of 

l o a d o n t o t h e d i e s e l - g e n e r a t o r . Two a u x i l i a r y c o n t a c t s w h i c h 

c l o s e when t h e t r a n s f e r s w i t c h i s i n t h e e m e r g e n c y p o s i t i o n a r e 

l o c a t e d i n s w i t c h g e a r N o . 1 f o r s t a r t i n g t h e a u x i l i a r y p r e s s u r -

i z e r pump m o t o r , PU—11, and t h e s l o w s p e e d w i n d i n g o f t h e 

a u x i l i a r y s e c o n d a r y w a t e r pump m o t o r , P U - 1 4 . A t i m e r i n e a c h 

n o r m a l - e m e r g e n c y s w i t c h g e a r c o n t r o l s t h e c l o s i n g o f t h e r e m a i n -

i n g 4 6 0 - V b r e a k e r s . T h e b r e a k e r s c l o s e i n s e q u e n c e so t h a t t h e 

l o a d i s added t o t h e g e n e r a t o r i n s u i t a b l e i n c r e m e n t s . 

A t e s t l o a d , w h i c h c o n s i s t s o f t h e r e a c t o r b u i l d i n g 

l i g h t i n g s y s t e m , c a n be added t o t h e d i e s e l - g e n e r a t o r s . T h i s 

l o a d s t h e g e n e r a t o r s t o a p p r o x i m a t e l y 30% o f t h e i r r a t e d l o a d 

f o r m a i n t e n a n c e and t e s t p u r p o s e s w i t h o u t i n t e r r u p t i n g t h e 

n o r m a l - e m e r g e n c y d i s t r i b u t i o n s y s t e m . T h e t e s t c i r c u i t i s 

d e s i g n e d so t h a t e i t h e r o f t h e g e n e r a t o r s c a n be c o n n e c t e d t o 

t h e r e a c t o r b u i l d i n g l i g h t i n g l o a d . I n t h e e v e n t o f a n o r m a l -

power f a i l u r e d u r i n g t h e t e s t i n g o p e r a t i o n , t h e t e s t l o a d i s 

a u t o m a t i c a l l y d i s c o n n e c t e d f r o m t h e g e n e r a t o r . I n t e r l o c k s p e r -

m i t t h e t e s t l o a d t o be c o n n e c t e d t o o n l y one g e n e r a t o r a t a 

t i m e . 



1 0 - 4 3 

2 . D i e s e l - g e n e r a t o r u n i t s 

a . D i e s e l e n g i n e s 

T h e d i e s e l e n g i n e s a r e f o u r c y c l e , t u r b o - c h a r g e d , 

a f t e r c o o l e d , and d e s i g n e d f o r o p e r a t i o n on N o . 2 f u e l o i l . 

E a c h e n g i n e i s c a p a b l e o f d r i v i n g i t s g e n e r a t o r w i t h 350-k.W 

g e n e r a t o r o u t p u t c o n t i n u o u s l y and 4 0 0 - k W g e n e r a t o r o u t p u t 

o n a n i n t e r m i t t e n t b a s i s f o r a p e r i o d o f two h o u r s . E n g i n e 

c o o l i n g i s p r o v i d e d by a w a t e r c o o l e d r a d i a t o r , c i r c u l a t i n g 

s y s t e m , and f a n . A j a c k e t w a t e r h e a t e r and t h e r m o s t a t 

m a i n t a i n c o o l i n g w a t e r t e m p e r a t u r e a t 3 8 ° C ( 1 0 0 ° F ) when 

t h e u n i t i s n o t i n s e r v i c e . Two methods o f s t a r t i n g t h e 

e n g i n e s a r e e m p l o y e d t o add s t a r t i n g r e l i a b i l i t y . 

T h e s t a r t i n g and f u e l o i l s u p p l y s y s t e m s a r e as 

f o l l o w s : 

( 1 ) U n i t N o . 1 

D i e s e l - e n g i n e N o . 1 i s s u p p l i e d w i t h two 3 2 - V dc 

s t a r t i n g m o t o r s , one on e a c h s i d e o f t h e d i e s e l . An 

e l e c t r i c a l l y o p e r a t e d c o n t a c t o r t o c a r r y t h e h i g h dc 

b r e a k a w a y c u r r e n t i s m o u n t e d n e a r e a c h m o t o r . T h e 

m o t o r s a r e s u i t a b l e f o r o p e r a t i o n o v e r a r a n g e f r o m 

2 0 - t o 3 6 - V d c . A 2 4 - c e l l n i c k e l cadmium b a t t e r y 

s y s t e m s u p p l i e s power f o r t h e s t a r t i n g m o t o r s . A 

c o n s t a n t v o l t a g e b a t t e r y c h a r g e r , w i t h s i l i c o n r e c -

t i f y i n g e l e m e n t s , k e e p s t h e b a t t e r i e s f u l l y c h a r g e d . 

( 2 ) U n i t N o . 2 

D i e s e l - e n g i n e N o . 2 i s e q u i p p e d w i t h a n a i r -

m o t o r s t a r t e r , c o m p l e t e w i t h a d r i v e a s s e m b l y , 

s i l e n c e r , p r e s s u r e r e g u l a t o r , and v a p o r a n c e s t o r . 
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T h e a i r m o t o r i s d e s i g n e d f o r o p e r a t i o n o v e r a r a n g e 

o f 6 2 1 k P a t o 1 . 0 3 4 MPa ( 9 0 t o 150 p s i ) . The p r e s u r e 

r e g u l a t o r r e d u c e s t h e i n l e t p r e s s u r e f r o m a maximum 

o f 1 . 7 2 4 MPa ( 2 5 0 p s i ) t o 0 . 6 2 1 t o 1 . 0 3 4 MPa ( 9 0 - 1 0 0 

p s i ) a t t h e a i r - m o t o r i n l e t . An a i r r e c e i v e r i s p r o -

v i d e d w i t h s u f f i c i e n t c a p a c i t y f o r f i v e a i r s t a r t s o f 

a p p r o x i m a t e l y 5 - s d u r a t i o n e a c h . The a i r r e c e i v e r i s 

p r o v i d e d w i t h a d r a i n c o c k , a p r e s s u r e g a u g e , a n d p r e s -

s u r e s w i t c h e s f o r a u t o m a t i c a l l y s t a r t i n g and s t o p p i n g 

t h e a i r c o m p r e s s o r . 

T h e a i r c o m p r e s s o r c h a r g e s t h e a i r r e c e i v e r t a n k . 

T h e c o m p r e s s o r w i l l p r e s s u r i z e t h e a i r r e c e i v e r t o 

1 . 7 2 4 MPa ( 2 5 0 p s i ) w i t h i n 30 m i n , s t a r t i n g w i t h 

a t m o s p h e r i c p r e s s u r e i n t h e a i r r e c e i v e r . A s a f e t y 

v a l v e i s s e t a t 2 . 0 6 8 MPa ( 3 0 0 p s i ) t o p r o t e c t t h e 

p r e s s u r e s y s t e m . 

F u e l o i l s t o r a g e ( F i g . 1 0 . 1 4 ) 

T h e f u e l o i l s u p p l y s y s t e m f o r t h e e m e r g e n c y 

d i e s e l g e n e r a t o r s i n c l u d e s a 1 5 , 1 4 0 - 1 ( 4 , 0 0 0 - g a l ) 

f u e l o i l s t o r a g e t a n k , i n d i v i d u a l 2 2 7 - 1 ( 6 0 - g a l ) d a y 

t a n k f o r e a c h u n i t and a s s o c i a t e d pumps and p i p i n g 

r e q u i r e d f o r o i l t r a n s f e r s . T h e 1 4 , 1 4 0 - 1 ( 4 , 0 0 0 - g a l ) 

s u p p l y t a n k i s l o c a t e d u n d e r g r o u n d i m m e d i a t e l y s o u t h 

o f t h e e l e c t r i c a l b u i l d i n g . O i l i s pumped f r o m t h e 

s u p p l y t a n k t o t h e day t a n k s by e i t h e r o f two 2 7 7 - 1 / h 

( 6 0 - g p h ) pumps l o c a t e d a t t h e day t a n k s i n t h e 

e l e c t r i c a l b u i l d i n g . F u e l o i l f e e d s f r o m t h e d a y 

t a n k s t o t h e d i e s e l e n g i n e s by g r a v i t y . T h e t r a n s f e r 



F i g . 1 0 . 1 4 . S c h e m a t i c f l o w d i a g r a m f u e l o i l s t o r a g e and d i s t r i b u t i o n . 
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pumps a r e p o w e r e d by t h e n o r m a l - e m e r g e n c y s y s t e m . 

T h e y a r e a u t o m a t i c a l l y s t a r t e d and s t o p p e d b y l e v e l 

c o n t r o l s on t h e day t a n k s . The pumps, d a y t a n k s , and 

d i e s e l s a r e i n t e r c o n n e c t e d w i t h p i p i n g t o p r o v i d e a 

p o s i t i v e s u p p l y o f f u e l o i l t o b o t h e n g i n e s i n t h e 

e v e n t o f f a i l u r e o f one pump. 

G e n e r a t o r s 

The g e n e r a t o r s a r e e a c h r a t e d a t 3 5 0 kW, 0 . 8 power 

f a c t o r , 4 3 7 - k V A , 6 - p o l e , 1 2 0 0 - r p m , 6 0 - c y c l e , 3 - p h a s e wye 

w i t h t h e m i d p o i n t o f t h e wye u n g r o u n d e d . T h e y a r e c a p a b l e 

o f s u p p l y i n g 110% o f t h e i r r a t e d l o a d f o r two h o u r s w i t h o u t 

i n j u r i o u s o v e r h e a t i n g . E a c h g e n e r a t o r u n i t c o n t a i n s an 

i n t e g r a l l y m o u n t e d s t a t i c e x c i t e r , r e g u l a t o r , and c o n t r o l 

p a n e l w h i c h p r o v i d e a s t e a d y - s t a t e v o l t a g e r e g u l a t i o n o f 

+ 2% o f t h e r a t e d v o l t a g e . The e x c i t a t i o n s y s t e m c o n s i s t s 

o f a s t a t i c e x c i t e r and s t a t i c v o l t a g e r e g u l a t o r mounted 

o n t h e g e n e r a t o r . The e x c i t a t i o n s y s t e m s e l f - e x c i t e s t h e 

a l t e r n a t o r f r o m t h e o u t p u t o f t h e g e n e r a t o r v i a a s a t u r a b l e 

c o r e r e a c t o r and f u l l wave r e c t i f i e r c i r c u i t . 

V o l t a g e r e g u l a t i o n i s o b t a i n e d by s e n s i n g t h e t h r e e -

p h a s e o u t p u t v o l t a g e s , c o m p a r i n g them w i t h a c o n s t a n t r e f e r -

e n c e v o l t a g e and t h e n a p p l y i n g t h e e r r o r s i g n a l t o t h e 

s a t u r a b l e r e a c t o r t o c o r r e c t t h e g e n e r a t o r o u t p u t v o l t a g e . 

A c u r r e n t - f o r c i n g c i r c u i t f o r c e s t h e f i e l d i n o r d e r t o 

m i n i m i z e v o l t a g e d i p s on l o w power f a c t o r l o a d s w i n g s . 

G e n e r a t o r f i e l d r e c t i f i e r s a r e t h e l o w l o s s s i l i c o n t y p e . 
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3 . A u t o m a t i c - t r a n s f e r s w i t c h e s 

T h e a u t o m a t i c - t r a n s f e r s w i t c h e s a r e 3 p o l e , r a t e d 4 8 0 V , 

6 0 0 A , m e c h a n i c a l l y h e l d f o r o p e r a t i o n on 3 - p h a s e , 3 - w i r e , 

6 - c y c l e n o r m a l and e m e r g e n c y s o u r c e s . L o a d c i r c u i t s a r e t r a n s -

f e r r e d t o t h e d i e s e l - g e n e r a t o r s when any p h a s e v o l t a g e o f t h e 

n o r m a l power s o u r c e d r o p s b e l o w 70% o f n o r m a l f o r a s u s t a i n e d 

p e r i o d o f a p p r o x i m a t e l y 2 - s . Load t r a n s f e r does n o t o c c u r u n t i l 

t h e e m e r g e n c y g e n e r a t o r i s p r o d u c i n g a t l e a s t 90% o f i t s r a t e d 

v o l t a g e ( a f r e q u e n c y r e l a y i s u s e d t o c o n t r o l t h e l o a d t r a n s f e r ) . 

Upon r e s t o r a t i o n o f t h e n o r m a l - p o w e r s u p p l y f o r a p p r o x i m a t e l y 

one m i n u t e , t h e t r a n s f e r s w i t c h r e t u r n s t h e l o a d t o t h e n o r m a l 

s o u r c e . T h e t r a n s f e r s w i t c h e s a r e t h e d o u b l e - t h r o w t y p e o p e r -

a t e d by a s i n g l e c o i l m e c h a n i s m m o m e n t a r i l y e n e r g i z e d . E a c h 

s w i t c h i s i n t e r l o c k e d m e c h a n i c a l l y and e l e c t r i c a l l y . O p e r a t i n g 

c u r r e n t f o r t r a n s f e r i s o b t a i n e d f r o m t h e same s o u r c e as t h a t 

t o w h i c h t h e l o a d i s t o be t r a n s f e r r e d . S w i t c h d e s i g n and 

c o n s t r u c t i o n does n o t p e r m i t a n e u t r a l p o s i t i o n e v e n i f t h e 

t r a n s f e r c o i l f a i l s . The s w i t c h i s p o s i t i v e l y l o c k e d m e c h a n i -

c a l l y i n e i t h e r p o s i t i o n . E a c h t r a n s f e r s w i t c h i s p r o v i d e d 

w i t h t h e f o l l o w i n g a c c e s s o r i e s and d e v i c e s : 

a . A k e y - o p e r a t e d t e s t s w i t c h , t o s i m u l a t e a n o r m a l s o u r c e 

v o l t a g e f a i l u r e , m o u n t e d on t h e f r o n t p a n e l o f t h e t r a n s f e r 

s w i t c h . 

b . Two r e d i n d i c a t i n g l i g h t s on t h e f r o n t p a n e l t o i n d i c a t e 

t h e p o s i t i o n o f t h e t r a n s f e r s w i t c h ( n o r m a l p o s i t i o n — 

e m e r g e n c y p o s i t i o n ) . The l i g h t s a r e o p e r a t e d by a u x i l i a r y 

c o n t a c t s w h i c h o p e r a t e i n s y n c h r o n i s m w i t h t h e m a i n power 

c o n t a c t s o f t h e t r a n s f e r s w i t c h . 
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c . E i g h t a u x i l i a r y c o n t a c t s f o r s t a r t i n g t h e d i e s e l e n g i n e s 

a n d t r i p p i n g t h e t e s t and n o r m a l - e m e r g e n c y c i r c u i t 

b r e a k e r s on l o s s o f n o r m a l p o w e r . C o n t a c t s c l o s e a f t e r a 

2 - s d e l a y p e r i o d . 

d . Two a u x i l i a r y c o n t a c t s f o r s t a r t i n g e m e r g e n c y pumps when 

t h e a u t o m a t i c t r a n s f e r s w i t c h i s i n t h e e m e r g e n c y 

p o s i t i o n . 

4 . A u t o m a t i c t r a n s f e r s w i t c h f o r d i e s e l - g e n e r a t o r t e s t l o a d i n g 

c i r c u i t . The t e s t l o a d i n g a u t o m a t i c t r a n s f e r s w i t c h i s 3 p o l e , 

6 0 0 - V , 3 0 0 A , m e c h a n i c a l l y h e l d f o r o p e r a t i o n on 3 - p h a s e , 

3 - w i r e , 4 8 0 - V , 6 0 - c y c l e n o r m a l and e m e r g e n c y s o u r c e s . The 

d i e s e l — g e n e r a t o r i s c o n n e c t e d t o t h e " n o r m a l " t e r m i n a l s o f t h e 

s w i t c h v i a i t s t e s t b r e a k e r a n d t h e n o r m a l - p o w e r s u p p l y t o t h e 

" e m e r g e n c y " t e r m i n a l s . I n n o r m a l o p e r a t i o n t h e d i e s e l -

g e n e r a t o r t e s t b r e a k e r i s o p e n and t h e t r a n s f e r s w i t c h i s i n 

i t s " e m e r g e n c y " p o s i t i o n . When i t i s d e s i r e d t o l o a d t h e 

d i e s e l , t h e g e n e r a t o r i s p u t i n t o o p e r a t i o n and t h e t e s t 

b r e a k e r c l o s e d , t h e r e b y e n e r g i z i n g t h e " n o r m a l " t e r m i n a l s o f 

t h e t r a n s f e r s w i t c h a n d c a u s i n g I t t o t h r o w o v e r . T h e s w i t c h 

t r a n s f e r s i t s l o a d f r o m n o r m a l t o e m e r g e n c y and f r o m e m e r g e n c y 

t o n o r m a l upon a l o s s o f v o l t a g e ( s i n g l e - p h a s e d e t e c t i o n o n l y ) 

w i h t o u t t i m e d e l a y . The t r a n s f e r s w i t c h i s a d o u b l e - t h r o w 

s w i t c h o p e r a t e d by a m o m e n t a r i l y e n e r g i z e d s i n g l e c o i l m e c h a -

n i s m . The s w i t c h i s i n t e r l o c k e d m e c h a n i c a l l y and e l e c t r i c a l l y . 

O p e r a t i n g c u r r e n t f o r t r a n s f e r i s o b t a i n e d f r o m t h e same s o u r c e 

a s t h a t t o w h i c h i:he l o a d i s b e i n g t r a n s f e r r e d . T h e t r a n s f e r 

s w i t c h i s p r o v i d e d w i t h t h e f o l l o w i n g a c c e s s o r i e s : 

a . t e s t s w i t c h t o s i m u l a t e a n o r m a l v o l t a g e f a i l u r e , and 
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b . two r e d i n d i c a t i n g l i g h t s on t h e f r o n t p a n e l t o i n d i c a t e 
t h e p o s i t i o n o f t h e t r a n s f e r s w i t c h ( N o r m a l p o s i t i o n — 
E m e r g e n c y p o s i t i o n ) . 

F a i l - f r e e s y s t e m s . An u l t r a - r e l i a b l e u n i n t e r r u p t e d power s u p p l y i s 

r e q u i r e d f o r c e r t a i n c r i t i c a l l o a d s i n t h e H F I R c o m p l e x . C o n t i n u o u s 

p o w e r i s r e q u i r e d t o t h e s e c i r c u i t s t o p r o t e c t t h e r e a c t o r and p e r s o n n e l 

f r o m h a r m . U n i n t e r r u p t e d power s u p p l i e s a r e p r o v i d e d b y b a t t e r y banks 

w h i c h a r e c o n t i n u o u s l y c h a r g e d b y t h e n o r m a l - e m e r g e n c y power s y s t e m . 

T h e b a t t e r i e s p r o v i d e l i m i t e d , b u t a d e q u a t e , p o w e r f o r s a f e l y s h u t t i n g 

t h e r e a c t o r down i n t h e e v e n t o f a c o m p l e t e f a i l u r e o f t h e n o r m a l and 

n o r m a l - e m e r g e n c y s u p p l y s y s t e m s . The f a i l - f r e e s y s t e m s a r e : 

1 . P o n y - m o t o r d r i v e s y s t e m 

A p o s i t i v e c o o l a n t f l o w must be m a i n t a i n e d t h r o u g h t h e 

r e a c t o r c o r e a f t e r s h u t d o w n t o remove a f t e r h e a t . The f u n c t i o n 

o f t h e pony m o t o r s i s t o p r o v i d e s u f f i c i e n t c o o l a n t f l o w t o 

remove t h i s a f t e r h e a t i n t h e e v e n t o f a n o r m a l - p o w e r f a i l u r e 

( t h e c i r c u l a t i n g pump m a i n d r i v e m o t o r s a r e t o o l a r g e t o be 

s u p p l i e d by t h e n o r m a l - e m e r g e n c y s y s t e m ) . E m e r g e n c y c o o l a n t 

f l o w i s o b t a i n e d by t h e dc pony m o t o r s w h i c h a r e d i r e c t l y 

c o u p l e d t o t h e m a i n pump d r i v e m o t o r s . The pony m o t o r s a r e 

e n e r g i z e d w h e n e v e r t h e r e a c t o r i s i n o p e r a t i o n . E a c h pony 

m o t o r i s s u p p l i e d f r o m a b a t t e r y bank and b a t t e r y c h a r g e r i n 

p a r a l l e l . E a c h b a t t e r y bank p r o v i d e s 1 2 5 - V ( n o m i n a l ) p o w e r 

f r o m 9 2 - c e l l , n i c k e l cadmium a l k a l i n e p o c k e t p l a t e t y p e b a t t e r -

i e s . B a t t e r y c h a r g e r s a r e c o n c t a n t v o l t a g e t y p e w i t h s i l i c o n 

d i o d e s r a t e d t o s u p p l y 5 0 A c o n t i n u o u s l y a t 129 V d c . T h e y a r e 

s i z e d t o c a r r y t h e f u l l l o a d c u r r e n t o f t h e dc m o t o r s p l u s s u f -

f i c i e n t c a p a c i t y t o c o m p l e t e l y r e c h a i ^e t h e s t o r a g e b a t t e r i e s 

i n a p p r o x i m a t e l y 12 h . The p o n y - m o t o r b a t t e r i e s , b a t t e r y 
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c h a r g e r s , and m e t e r i n g e q u i p m e n t a r e l o c a t e d i n b a t t e r y room 

G - l 3 on t h e 2 4 9 - M ( 8 1 7 - f t ) l e v e l o f t h e r e a c t o r b u i l d i n g . 

I n s t r u m e n t dc s y s t e m 

T h e s h i e l d e d t r a n s f o r m e r f o r g e n e r a l r e a c t o r i n s t r u m e n -

t a t i o n l o a d s a l s o s u p p l i e s t h r e e s e p a r a t e dc i n s t r u m e n t b u s e s . 

E a c h i n s t r u m e n t bus i s a l s o s u p p l i e d by two 3 2 - V b a t t e r y banks 

i n s e r i e s w i t h a c e n t e r t a p t o f o r m a 3 - w i r e , 3 2 / 6 4 - V s y s t e m 

w i t h i n d i v i d u a l b a t t e r y c h a r g e r s s e r v i n g e a c h b a n k . The b a t -

t e r i e s a c t t o s m o o t h t h e v o l t a g e d u r i n g t r a n s i e n t d i s t u r b a n c e s 

o n t h e ac l i n e . T h r e e s e t s o f b a t t e r i e s a r e p r o v i d e d t o be 

c o n s i s t e n t w i t h t h e " t w o o u t o f t h r e e c o i n c i d e n c e " c i r c u i t p h i -

l o s o p h y . The b a t t e r y bank f o r e a c h bus i s a 64 - V ( n o m i n a l ) 

c e n t e r t a p p e d , 4 8 - c e l l n i c k e l cadmium a l k a l i n e p o c k e t p l a t e 
jS-

t y p e . E a c h o f t h e s i x b a t t e r y c h a r g e r s i s a c o n s t a n t v o l t a g e 

t y p e w i t h s i l i c o n d i o d e s r a t e d t o s u p p l y 50 A c o n t i n u o u s l y a t 

3 2 V a c . 

S w i t c h g e a r , ac s y s t e m 

An i n d e p e n d e n t power s u p p l y s y s t e m i s r e q u i r e d a t t h e 

e l e c t r i c a l b u i l d i n g t o o p e r a t e t h e n o r m a l - e m e r g e n c y and 1 3 . 8 - k V 

s w i t c h g e a r c l o s i n g and t r i p p i n g b r e a k e r s , d i e s e l - g e n e r a t o r N o . 

2 c o n t r o l c i r c u i t s and c e r t a i n r e a c t o r c o n t r o l c i r c u i t s d u r i n g 

a n o r m a l - p o w e r f a i l u r e . T h e s e t r a n s f e r s w i t c h e s and c o n t r o l 

c i r c u i t s must f u n c t i o n d u r i n g a n o r m a l - p o w e r f a i l u r e , so t h e y 

a r e powered by a b a t t e r y bank w h i c h i s f l o a t e d on t h e l i n e by a 

b a t t e r y c h a r g e r . The b a t t e r y bank s u p p l i e s 125 V ( n o m i n a l ) 

f r o m 9 2 n i c k e l cadmium a l k a l i n e p o c k e t p l a t e c e l l s i n s e a l e d 

p l a s t i c c o n t a i n e r s . T h e b a t t e r y c h a r g e r i s a c o n s t a n t v o l t a g e 

t y p e w i t h s i l i c o n d i o d e s w h i c h can s u p p l y 12 A c o n t i n u o u s l y a t 

129 V . 
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I n s t r u m e n t - p o w e r s y s t e m ( F i g . 1 0 . 1 5 ) . I n s t r u m e n t power i s o b t a i n e d 

f r o m t h e 1 3 . 8 - k V s w i t c h i n g s t a t i o n t h r o u g h a f u s e d i n t e r r u p t o r s w i t c h . 

T h e 1 3 . 8 - k V f e e d e r s u p p l i e s two 1 3 . 8 - k V - 1 2 0 / 2 4 0 - V s i n g l e - p h a s e t r a n s f o r -

m e r s . One t r a n s f o r m e r s u p p l i e s t h e n u c l e a r r e a c t o r i n s t r u m e n t a t i o n l o a d s 

and p l a t e c o n t r o l d r i v e m e c h a n i s m s . The s e c o n d t r a n s f o r m e r s u p p l i e s 

i n s t r u m e n t power f o r e x p e r i m e n t l o a d s . I n t h e e v e n t o f a 1 3 . 8 - k V o r 

i n s t r u m e n t - p o w e r t r a n s f o r m e r f a i l u r e , t h e i n s t r u m e n t - p o w e r l o a d i s a u t o -

m a t i c a l l y t r a n s f e r r e d t o t h e n o r m a l - e m e r g e n c y bus by a u t o m a t i c - t r a n s f e r 

s w i t c h e s and f e e d s t h r o u g h a u x i l i a r y 4 6 0 — 1 2 0 / 2 4 0 - V t r a n s f o r m e r s . 

R e t u r n t o t h e i n s t r u m e n t - p o w e r t r a n s f o r m e r i s a u t o m a t i c upon 

r e s t o r a t i o n o f n o r m a l power f o r a p e r i o d o f one m i n u t e . 

1 . I n s t r u m e n t - p o w e r t r a n s f o r m e r s 

T h e m a i n i n s t r u m e n t power t r a n s f o r m e r s a r e e a c h r a t e d a t 

5 0 k V A , 1 3 . 8 k V — 1 2 0 / 2 4 0 V, s i n g l e p h a s e , 6 0 c y c l e s . 

T r a n s f o r m e r s e c o n d a r y w i n d i n g s a r e e l e c t r o s t a t i c a l l y s h i e l d e d 

f r o m t h e p r i m a r y by means o f a c o p p e r s h i e l d . T h e y a r e f i l l e d 

w i t h n o n - f l a m m a b l e l i q u i d and h a v e 9 5 - k V b a s i c i m p u l s e l e v e l 

w i t h two 2 1 /2% f u l l c a p a c i t y t a p s above and b e l o w n o r m a l on 

t h e p r i m a r y w i n d i n g . A u x i l i a r y i n s t r u m e n t power t r a n s f o r m e r s 

a r e r a t e d a t 50 k V A , 4 6 0 — 1 2 0 / 2 4 0 V , s i n g l e p h a s e , 60 c y c l e s . 

T h e s t a n d b y t r a n s f o r m e r s a r e o f s t a n d a r d n o n - s h i e l d e d d e s i g n . 

2 . A u t o m a t i c — t r a n s f e r s w i t c h e s 

T h e a u t o m ? t i c - t r a n s f e r s w i t c h e s a r e 3 p o l e , 6 0 0 V , 3 0 0 A , 

m e c h a n i c a l l y h e l d f o r o p e r a t i o n on s i n g l e - p h a s e , 3 - w i r e , 

1 2 0 / 2 4 0 - V , 6 0 - c y c l e n o r m a l and e m e r g e n c y s o u r c e s . L o a d c i r -

c u i t s a r e t r a n s f e r r e d t o t h e e m e r g e n c y s o u r c e when phase 

v o l t a g e o f t h e n o r m a l s o u r c e d r o p s b e l o w 70% f o r a s u s t a i n e d 
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p e r i o d o f a p p r o x i m a t e l y one m i n u t e , t h e t r a n s f e r s w i t c h a u t o m a -

t i c a l l y r e t u r n s t h e l o a d t o t h e n o r m a l s o u r c e . The t r a n s f e r 

s w i t c h i s a d o u b l e - t h r o w s w i t c h o p e r a t e d by a m o m e n t a r i l y 

e n e r g i z e d s i n g l e c o i l m e c h a n i s m . The s w i t c h i s i n t e r l o c k e d 

m e c h a n i c a l l y and e l e c t r i c a l l y . O p e r a t i n g c u r r e n t f o r t r a n s f e r 

i s o b t a i n e d f r o m t h e same s o u r c e as t h a t t o w h i c h t h e l o a d i s 

b e i n g t r a n s f e r r e d . E a c h t r a n s f e r s w i t c h i s p r o v i d e d w i t h t h e 

f o l l o w i n g a c c e s s o r i e s : 

a . a t e s t s w i t c h t o s i m u l a t e n o r m a l s o u r c e v o l t a g e f a i l u r e ; 
and 

b . two r e d i n d i c a t i n g l i g h t s mounted on t h e f r o n t p a n e l t o 
i n d i c a t e t r a n s f e r s w i t c h p o s i t i o n ( n o r m a l p o s i t i o n — 
e m e r g e n c y p o s i t i o n ) . T h e l i g h t s a r e o p e r a t e d by a u x i l i a r y 
c o n t a c t s w h i c h o p e r a t e i n s y n c h r o n i s m w i t h t h e m a i n power 
c o n t a c t s o f t h e t r a n s f e r s w i t c h and a r e s u p p l i e d f r o m i t s 
l o a d s i d e . 

1 0 . 8 . 4 N o r m a l - p o w e r o u t a g e 

T h e H F I R i s d e s i g n e d t o o p e r a t e a t a r e d u c e d power l e v e l d u r i n g a 

n o r m a l - p o w e r f a i l u r e . Two 1 3 . 8 - k V a e r i a l f e e d e r s s u p p l y n o r m a l power t o 

t h e H F I R c o m p l e x . A f a i l u r e i n one f e e d e r b e t w e e n t h e ORNL 1 3 . , 8 - k V 

s w i t c h i n g s t a t i o n and t h e H F I R d o e s n o t c o n s t i t u t e a power f a i l u r e s i n c e 

a u t o m a t i c t r a n s f e r s w i t c h e s a r e c a p a b l e o f t r a n s f e r r i n g t h e l o a d t o t h e 

r e m a i n i n g c i r c u i t . T h e r e f o r e , a n o r m a l - p o w e r o u t a g e must o c c u r a t o r 

b e y o n d t h e ORNL s w i t c h i n g s t a t i o n t o a f f e c t t h e H F I R . I f such a f a i l u r e 

o c c u r s w h i l e t h e r e a c t o r i s a t p o w e r , t h e v a r i o u s s y s t e m s r e s p o n d as 

f o l l o w s : 

R e a c t o r c o n t r o l s y s t e m . T h e r e a c t o r s e r v o c o n t r o l s y s t e m t r i e s 

t o m a i n t a i n power l e v e l c o n s i s t e n t w i t h f l o w . D u r i n g s t e a d y - s t a t e 
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o p e r a t i o n , Lne power l e v e l i s r e q u e s t e d by t h e o p e r a t o r . I f t h e m a i n 

c i r c u l a t i n g pumps s t o p , as w i l l be t h e c a s e d u r i n g a power f a i l u r e , t h e 

p r i m a r y c o o l a n t f l o w w i l l be r e d u c e d t o a p p r o x i m a t e l y 10% o f i t s n o r m a l 

v a l u e . T h i s 10% f l o w w i l l be m a i n t a i n e d by b a t t e r y - d r i v e n pony m o t o r s . 

As t h e p r i m a r y c o o l a n t f l o w c o a s t s down f r o m 100 t o 10%, t h e s e r v o 

c o n t r o l s y s t e m w i l l r e d u c e r e a c t o r power t o t h e v a l u e a l l o w e d by t h e 

f l o w r a t e . T h e r e f o r e , i f t h e r e a c t o r w e r e o r i g i n a l l y a t f u l l power o r 

100 MW, t h e power w o u l d be a u t o m a t i c a l l y r e d u c e d t o 10 MW f o l l o w i n g a 

n o r m a l - p o w e r o u t a g e . A l l r e a c t o r c o n t r o l c i r c u i t s , s h i m - p l a t e m a g n e t s , 

and o t h e r i n s t r u m e n t s o p e r a t e on b a t t e r y s u p p l i e d dc power so t h e y a r e 

n o t a f f e c t e d i m m e d i a t e l y by an ac power o u t a g e . O p e r a t i o n o f t h e f o u r 

o u t e r s h i m p l a t e s and i n n e r s h i m c y l i n d e r m a i n d r i v e depends upon ac 

m o t o r s so i f t h e power o u t a g e p e r s i s t s more t h a n a f e w m i n u t e s and t h e 

No . 1 d i e s e l - g e n e r a t o r does n o t s t a r t , t h e r e a c t o r w i l l be s h u t down by 

x e n o n p o i s o n i n g when t h e r e g u l a t i n g c y l i n d e r r e a c h e s t h e end o f i t s 

s e r v o - c o n t r o l l e d s t r o k e . 

P r i m a r y c o o l a n t l o o p . The p r i m a r y c i r c u l a t i n g pump m o t o r s o p e r a t e on 

2 4 0 0 V a c . T h e y w i l l s t o p d u r i n g a n o r m a l - p o w e r o u t a g e . S m a l l b a t t e r y -

d r i v e n pony m o t o r s a r e c o n n e c t e d to t h e s h a f t s o f t h e p r i m a r y m o t o r s . 

Pony m o t o r s a r e e n e r g i z e d and a r e t r y i n g t o t u r n t h e c i r c u l a t i n g pumps 

w h e n e v e r t h e r e a c t o r i s a t p o w e r . When t h e a c m o t o r s s t o p , t h e pump 

s p e e d d e c r e a s e s u n t i l t h e pony m o t o r s a r e a b l e t o c a r r y t h e l o a d . A t 

t h i s r e d u c e d speed t h e p u m p i n g r a t e i s r e d u c e d t o a b o u t 10% o f t h e f u l l 

s p e e d v a l u e . T h e b a t t e r y - s u p p l i e d pony m o t o r s a r e a b l e t o m a i n t a i n t h i s 

p u m p i n g r a t e f o r s e v e r a l h o u r s . When t h e No., 1 d i e s e l - g e n e r a t o r s t a r t s , 

t h e pony m o t o r s w i l l o p e r a t e i n d e f i n i t e l y b e c a u s e t h e b a t t e r y c h a r g e r s 

a r e s u p p l i e d w i t h t h i s e m e r g e n c y p o w e r . I n t h e e v e n t N o . 1 d i e s e l -

g e n e r a t o r f a i l s , t h e b a t t e r y c h a r g e r l o a d may be m a n u a l l y c o n n e c t e d t o 

t h e N o . 2 d i e s e l - g e n e r a t o r . 
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P r e s s u r e must be m a i n t a i n e d i n t h e p r i m a r y c o o l a n t l o o p . L o s s o f ac 

power s t o p s t h e m a i n p r e s s u r i z e r pumps; a n d , e v e n t h o u g h a n a l o g s t u d i e s 

o f t h e r e s p o n s e o f t h e p r e s s u r e r e g u l a t o r s and l e t d o w n v a l v e s i n d i c a t e 

t h a t t h e v a l v e s w i l l c l o s e f a s t enough t o p r e v e n t l o s s of p r e s s u r e on a 

power f a i l u r e , l e a k a g e f r o m t h e h i g h p r e s s u r e s y s t e m c o u l d be a p r o b l e m . 

When t h e N o . 1 d i e s e l - g e n e r a t o r s t a r t s , power i s s u p p l i e d t o a 125 1 / m i n 

( 3 3 gpm) a u x i l i a r y p r e s s u r i z e r pump. T h i s pump m a i n t a i n s s y s t e m p r e s s u r e , 

p r o v i d e d l e a k s do n o t e x c e e d t h e c a p a c i t y o f t h e pump. I f p r i m a r y c o o l a n t 

l o o p p r e s s u r e f a l l s b e l o w 4 . 1 2 3 MPa ( 6 0 0 p s i ) , t h e r e a c t o r w i l l s c r a m . 

S e c o n d a r y c o o l a n t l o o p . T h e l a r g e c o o l i n g t o w e r c i r c u l a t i n g pump 

m o t o r s and f a n m o t o r s w i l l s t o p upon l o s s o f ac p o w e r . C o o l i n g w a t e r 

w i l l be s u p p l i e d t o t h e p r i m a r y h e a t e x c h a n g e r s when t h e N o . 1 d i e s e l -

g e n e r a t o r s t a r t s . When t h i s emergency g e n e r a t o r s t a r t s , i t w i l l s u p p l y 

power t o t h e e m e r g e n c y s e c o n d a r y w a t e r pump c i r c u l a t i n g a p p r o x i m a t e l y 

1 1 , 3 5 5 1 / m i n ( 3 , 0 0 0 gpm) ( a b o u t 10% o f t h e n o r m a l r a t e ) t h r o u g h t h e s e c -

o n d a r y c o o l a n t s y s t e m . H o w e v e r , t h e w a t e r i s d rawn f r o m t h e f r o n t and 

r e t u r n e d t o t h e b a c k s i d e o f t h e t o w e r b a s i n . I t i s n o t p a s s e d o v e r t h e 

t o w e r and i s n o t c o o l e d . T h e l a r g e t o w e r b a s i n r e s e r v o i r h o l d s a b o u t 

1 , 5 1 4 , 0 0 0 1 ( 4 0 0 , 0 0 0 g a l ) o f c o o l w a t e r , e n o u g h f o r s u s t a i n e d r e a c t o r 

o p e r a t i o n a t 10 MW. 

E m e r g e n c y - p o w e r s u p p l y . T h e r e a r e two i n d e p e n d e n t emergency d i e s e l -

g e n e r a t o r s w h i c h s h o u l d s t a r t upon l o s s o f n o r m a l - p o w e r t o t h e H F I R 

c o m p l e x . T h e s e two g e n e r a t o r s f e e d two s e p a r a t e e m e r g e n c y d i s t r i b u t i o n 

s y s t e m s . The N o . 1 d i e s e l - g e n e r a t o r s u p p l i e s a l l t h e c r i t i c a l l o a d s . A. 

f e w s y s t e m s w h i c h h a v e d u p l i c a t e c o m p o n e n t s , s u c h as t h e s t a c k e x h a u s t 

f a n s and i n s t r u m e n t a i r c o m p r e s s o r s , a r e s u p p l i e d f r o m b o t h d i e s e l 

g e n e r a t o r s . O p e r a t i o n o f t h e r e a c t o r d u r i n g a n o r m a l - p o w e r f a i l u r e i s 
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d e p e n d e n t upon t h e N o . 1 d i e s e l - g e n e r a t o r s t a r t i n g . T h e N o . 2 d i e s e l -

g e n e r a t o r p r o v i d e s b a c k - u p power f o r t h e b u i l d i n g c o n t a i n m e n t . 

B u i l d i n g e x h a u s t s y s t e m . T h r e e e x h a u s t f a n s a r e n o r m a l l y o p e r a t i n g 

a t t h e f a n shed when t h e r e a c t o r i s a t p o w e r . T h e s e a r e one SBHE 

b l o w e r , o n e OHOG b l o w e r , and one CHOG b l o w e r . T h e s e t h r e e f a n s h a v e 

i d e n t i c a l s t a n d b y u n i t s w h i c h s t a r t a u t o m a t i c a l l y u p o n f a i l u r e o f t h e 

o p e r a t i n g u n i t . T h e n o r m a l - e m e r g e n c y power d i s t r i b u t i o n s y s t e m s a r e 

a r r a n g e d so t h a t one g r o u p o f t h e s e f a n s i s s u p p l i e d by d i e s e l - g e n e r a t o r 

N o . 1 d u r i n g a n o r m a l - p o w e r o u t a g e and t h e o t h e r g r o u p i s s u p p l i e d by 

d i e s e l - g e n e r a t o r N o . 2 . T h i s e n s u r e s b u i l d i n g v e n t i l a t i o n and o f f - g a s 

d u r i n g a n a c f a i l u r e i f e i t h e r d i e s e l - g e n e r a t o r s t a r t s . 

P r i m a r y c l e a n u p s y s t e m . S i n c e t h e m a i n p r e s s u r i z e r pumps do n o t 

o p e r a t e d u r i n g a n o r m a l - p o w e r o u t a g e , a l a r g e volume of h i g h p r e s s u r e 

w a t e r w i l l n o t be l e t down t o t h e c l e a n u p l o o p . T h e c l e a n u p l o o p c i r -

c u l a t i o n pumps a r e a l s o i n o p e r a t i v e , t h e r e f o r e , t h e l o o p i s a u t o m a t i -

c a l l y s h u t down. The d e a e r a t o r v e s s e l p r o v i d e s s u f f i c i e n t vo lume t o 

s t o r e p o s s i b l e v a l v e l e a k a g e and o t h e r m i n o r s o u r c e s o f p r i m a r y w a t e r 

u n t i l n o r m a l power i s r e s t o r e d . 

P o o l c o o l a n t and c l e a n u p s y s t e m s . N e i t h e r t h e p o o l c o o l a n t pumps 

n o r t h e p o o l c l e a n u p l o o p pumps a r e s u p p l i e d w i t h e m e r g e n c y p o w e r . 

T h e r e f o r e , b o t h o f t h e s e l o o p s a r e i n o p e r a t i v e d u r i n g a n o r m a l - p o w e r 

f a i l u r e . I t s h o u l d be n o t e d t h a t t h e p o o l w a t e r t e m p e r a t u r e w i l l 

i n c r e a s e d u r i n g t h i s p e r i o d . I f t h e power o u t a g e p e r s i s t s f o r as l o n g 

as t h r e e d a y s , i t may be n e c e s s a r y t o i n s t i t u t e p u r g e and f i l l o p e r a -

t i o n s s i n c e t h e p o o l w a t e r t e m p e r a t u r e m i g h t a p p r o a c h 8 2 - 9 3 ° C 

( 1 8 0 - 2 0 0 ° F ) . T h e maximum t e m p e r a t u r e r e a c h e d a f t e r a c o o l a n t c i r c u l a -

t i o n f a i l u r e i s d e p e n d e n t upon t h e i n v e n t o r y o f s p e n t f u e l e l e m e n t s 

s t o r e d i n t h e p o o l , b u t u n d e r t h e w o r s t c o n d i t i o n s s h o u l d n o t e x c e e d 

9 3 ° C ( 2 0 0 ° F ) . 
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I n s t r u m e n t - a i r s y s t e m . I n s t r u m e n t a i r i s e s s e n t i a l f o r r e a c t o r 

o p e r a t i o n . V a r i o u s c r i t i c a l c o m p o n e n t s , such ps c o m p u t e r s i n t h e r e a c -

t o r c o n t r o l s y s t e m , a i r o p e r a t e d f l o w c o n t r o l v a l v e s , and t r a n s m i t t e r s 

f o r b u i l d i n g c o n t a i n m e n t m o n i t o r s d e p e n d on i n s t r u m e n t a i r . T h e r e f o r e , 

t h e r e a r e f o u r , i n s t r u m e n t a i r c o m p r e s s o r s t o e n s u r e a c o n t i n u o u s s u p p l y . 

Two o f t h e t h r e e m a i n c o m p r e s s o r s a r e on d i f f e r e n t e m e r g e n c y power c i r -

c u i t s so t h a t i n s t r u m e n t a i r w i l l be a v a i l a b l e i f e i t h e r d i e s e l -

g e n e r a t o r s t a r t s . A s m a l l e m e r g e n c y a i r c o m p r e s s o r i s a l s o c o n n e c t e d t o 

t h e N o . 2 d i e s e l - g e n e r a t o r . T h i s w i l l s u p p l y a minimum amount o f a i r i f 

t h e m a i n c o m p r e s s o r s become i n o p e r a b l e . 

Sewage t r e a t m e n t p l a n t . T h e v a r i o u s b l o w e r s , pumps, and c o m m i n u t o r 

o f t h e sewage t r e a t m e n t p l a n t a r e s u p p l i e d w i t h power by t h e N o . 1 

n o r m a l - e m e r g e n c y s y s t e m . O p e r a t i o n d u r i n g a normal—power o u t a g e i s 

d e p e n d e n t upon o p e r a t i o n o f t h e No . 1 d i e s e l - g e n e r a t o r . 

P o t a b l e and p r o c e s s w a t e r . P o t a b l e w a t e r i s f u r n i s h e d t o t h e H F I R 

a r e a f r o m an e l e v a t e d r e s e r v o i r . T h e r e f o r e , i t s s u p p l y i s i n d e p e n d e n t 

o f e l e c t r i c a l power f o r a l i m i t e d p e r i o d o f t i m e . T h e r e s e r v o i r , w h i c h 

h o l d s a p p r o x i m a t e l y 1 1 . 3 6 x 1 0 9 1 ( 3 , 0 0 0 , 0 0 0 g a l ) i s l a r g e enough t o 

p e r m i t o p e r a t i o n f o r a n e x t e n d e d t i m e . 

P r o c e s s w a t e r i s s u p p l i e d t o t h e a r e a f r o m t h e p o t a b l e w a t e r s y s t e m 

t h r o u g h b a c k f l o w p r e v e n t e r s and i s a v a i l a b l e as l o n g as p o t a b l e w a t e r i s 

a v a i l a b l e . 

1 0 . 9 C o m m u n i c a t i o n s S y s t e m s 

1 0 . 9 . 1 R e f e r e n c e s 

D r a w i n g s : 

1 5 4 6 0 0 5 - E - 2 0 8 5 B l o c k D i a g r a m , I n t e r c o m S y s t e m 

S i n g m a s t e r and B r e y e r S p e c i f i c a t i o n s : 

107 E l e c t r i c a l W o r k , I n t e r c o m S y s t e m 
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1 0 . 9 . 2 I n t e r c o m s y s t e m 

T h e i n t e r c o m s y s t e m p r o v i d e s a c o n v e n i e n t method o f c o m m u n i c a t i o n 

b e t w e e n p e r s o n s i n d i f f e r e n t a r e a s o f t h e H F I R s i t e . The s y s t e m c o n -

s i s t s o f a m a s t e r s t a t i o n , s t a f f s t a t i o n s , and a l l r e q u i r e d a m p l i f i e r s , 

power s u p p l i e s , and c o n n e c t i n g w i r e s . 

M a s t e r s t a t i o n s . T h e m a s t e r u n i t i s d e s i g n e d t o s e l e c t i v e l y o r i g i -

n a t e c a l l s t o o t h e r s t a f f s t a t i o n s by d e p r e s s i n g t h e p r o p e r b u t t o n s . 

I t may a l s o r e c e i v e a c a l l f r o m a n y s t a f f s t a t i o n w h i c h has i t s t a l k 

b u t t o n d e p r e s s e d r e g a r d l e s s o f t h e s t a f f s t a t i o n s e l e c t e d on t h e m a s t e r . 

One o f two s p e a k e r s may be s e l e c t e d by a t o g g l e s w i t c h on t h e r e a c t o r 

c o n s o l e . One i s c o n t a i n e d i n t h e m a s t e r u n i t and t h e o t h e r i s mounted 

on t h e c o n s o l e . E l e c t r i c a l power i s s u p p l i e d f r o m n o r m a l - e m e r g e n c y 

s y s t e m N o . 1 . 

S t a f f s t a t i o n . The s t a f f s t a t i o n s a r e d e s i g n e d t o r e p l y t o t h e 

m a s t e r s t a l o n b u t a r e c a p a b l e o f o r i g i n a t i n g c a l l s t o t h e m a s t e r s t a -

t i o n . E a c h s t a f f s t a t i o n has a v o l u m e c o n t r o l and a " T a l k - L i s t e n " b u t -

t o n . C e r t a i n s t a f f s t a t i o n s , w h i c h a r e l o c a t e d I n n o i s y a r e a s , a r e 

s u r r o u n d e d by a sound b a r r i e r t o make l i s t e n i n g e a s i e r . 

Number L o c a t i o n s o f s t a f f s t a t i o n s 

4 A u x i l i a r y c o n t r o l r o o m , w e s t end 

5 R e a c t o r b a y , p o o l s i d e n o r t h w e s t 

6 R e a c t o r b a y , n o r t h 

7 R e a c t o r b a y , p o o l s i d e e a s t 

8 R e a c t o r b a y , p o o l s i d e s o u t h w e s t 

9 E x p e r i m e n t a r e a , s o u t h w e s t 

1 0 - 1 E x p e r i m e n t a r e a , m o n i t o r i n g p l a t f o r m 

1 0 - 2 E x p e r i m e n t a r e a , n o r t h 

\ 
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Number L o c a t i o n s o f s t a f f s t a t i o n s 

1 1 F i r s t f l o o r , room 1 0 3 - D 

12 F i r s t f l o o r , w a t e r w i n g 

13 Beam r o o m , s o u t h 

14 Beam room, n o r t h 

15 Ground f l o o r , w a t e r w i n g 

16 Ground f l o o r , p i p e c o r r i d o r 

17 S u b p i l e room 

1 8 - 1 E l e c t r i c a l b u i l d i n g 

1 8 - 2 Pony m o t o r b a t t e r y room 

1 9 - 1 C o o l i n g t o w e r e q u i p m e n t b u i l d i n g 

1 9 - 2 Top o f c o o l i n g t o w e r 

1 9 - 3 W a t e r s o f t e n e r b u i l d i n g 

20 F a n shed 

2 1 - 1 C o u n t i n g room 

2 1 - 2 Rod d r i v e s t a f f shop 

22 H e a l t h P h y s i c s room 

23 T r u c k a i r l o c k e n t r a n c e 

24 A u x i l i a r y c o n t r o l room, e a s t 

1 0 . 9 . 3 S o u n d - p o w e r e d t e l e p h o n e s y s t e m 

T h e s o u n d - p o w e r e d phone s y s t e m c o n s i s t s o f t w o , 2 - c o n d u c t o r c a b l e s 

( c i r c u i t A and c i r c u i t B ) , p l u g - i n j a c k s , and t e l e p h o n e s . The s y s t e m i s 

p r o v i d e d f o r e m e r g e n c y c o m m u n i c a t i o n and f o r use i n h i g h - n o i s e a r e a s o r 

i n f r e q u e n t - u s a g e a r e a s n o t a p p r o p r i a t e f o r t h e i n t e r c o m s y s t e m . 

L o c a t i o n s o f s o u n d - p o w e r e d phone j a c k s 

M a i n c o n t r o l room c o l u m n B - 5 

M a i n c o n t r o l room c o l u m n C - 3 

M a i n c o n t r o l room a t r e a c t o r c o n s o l e 
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A u x i l i a r y c o n t r o l 

A u x i l i a r y c o n t r o l 

A u x i l i a r y c o n t r o l 

A u x i l i a r y c o n t r o l 

R e a c t o r b a y 

R e a c t o r b a y 

R e a c t o r bay 

R e a c t o r bay 

E x p e r i m e n t a r e a 

E x p e r i m e n t a r e a 

E x p e r i m e n t a r e a 

E x p e r i m e n t a r e a 

H e a t - e x c h a n g e r c e l l s 

F i r s t f l o o r w a t e r w i n g 

F i r s t f l o o r w a t e r w i n g 

E l e c t r i c a l e q u i p m e n t room ( r o o m 1 0 2 ) 

H & V e q u i p m e n t room 

C o o l i n g t o w e r e q u i p m e n t b u i l d i n g 

C o o l i n g t o w e r e q u i p m e n t b u i l d i n g 

E l e c t r i c a l b u i l d i n g 

E l e c t r i c a l e q u i p m e n t room ( r o o m G - 1 2 ) 

S u b p i l e room 

Beam room 

Beam room 

Ground f l o o r w a t e r w i n g 

Ground f l o o r w a t e r w i n g 

S t a f f shop 

F a n shed 

G r o u n d f l o o r p i p e c o r r i d o r 

room 

room 

room 

room 

c o l u m n B—4 

c o l u m n C - 4 

c o l u m n D - 9 

c o l u m n C—3 

c o l u m n C—7 

c o l u m n E - 5 

c o l u m n F - 8 

c o l u m n D—8 

c o l u m n F - 8 

c o l u m n D - 9 

c o l u m n B—7 

m o n i t o r i n g p l a t f o r m 
( 2 l o c a t i o n s ) 

one i n e a c h of f o u r c e l l s 

c o l u m n D—4 

c o l u m n E - 3 

c o l u m n D - 2 

c o l u m n B - 3 

c h e m i c a l t r e a t m e n t room 

e l e c t r i c a l e q u i p m e n t room 

m a i n r o o m 

c o l u m n G - 9 

c o l u m n C - 9 

c o l u m n B - 6 

c o l u m n B - 2 

c o l u m n E - 2 

c o l u m n B—3 
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1 0 . 9 . 4 D i a l phones 

D i a l phones a r e p r o v i d e d i n t h e o f f i c e s and a t such e x p e r i m e n t s t a -

t i o n s as may he n e e d e d . The c o n t r o l - r o o m phone has a n u n l i s t e d number 

t o k e e p t h e phone f r e e o f u n n e c c e s s a r y c a l l s . On n i g h t s h i f t s and 

w e e k e n d s , c a l l s t o t h e H F I R o f f i c e s a r e t r a n s f e r r e d t o t h e r e a c t o r 

c o n t r o l r o o m . 

1 0 . 9 . 5 P u b l i c - a d d r e s s s y s t e m 

P u b l i c - a d d r e s s s y s t e m m i c r o p h o n e s a r e l o c a t e d i n t h e m a i n c o n t r o l 

r o o m , and i n t h e o f f i c e and m a i n t e n a n c e b u i l d i n g . P u b l i c - a d d r e s s s y s t e m 

s p e a k e r s a r e l o c a t e d i n e a c h o f t h e m a j o r a r e a s i n s i d e t h e b u i l d i n g s i n 

a d d i t i o n t o s e v e r a l o u t s i d e t h e b u i l d i n g s w h i c h a d e q u a t e l y c o v e r t h e 

i m m e d i a t e H F I R a r e a . 

Two a m p l i f i e r s a r e u s e d f o r t h e s y s t e m — o n e i s on s t a n d b y ; t h e o t h e r 

i s i n o p e r a t i o n . T h e two a m p l i f i e r s a r e s u p p l i e d power f r o m s e p a r a t e 

n o r m a l - e m e r g e n c y s y s t e m s . 

L o c a t i o n s o f p u b l i c - a d d r e s s s p e a k e r s 

A r e a L o c a t i o n Number o f S p e a k e r s 

S u b p i l e room 

G r o u n d f l o o r 

F i r s t f l o o r 

Second f l o o r 

T h i r d f l o o r 

F a n shed and s t a c k 

O u t s i d e n o r t h e a s t c o r n e r o f r e a c t o r b u i l d i n g 

O u t s i d e w e s t s i d e o f r e a c t o r b u i l d i n g 

O u t s i d e s o u t h s i d e o f r e a c t o r b u i l d i n g 

E l e c t r i c a l b u i l d i n g 

C o o l i n g t o w e r 

1 

11 

20 

14 

7 

2 

1 

1 

1 

1 

2 
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A r e a l o c a t i o n 

C o o l i n g t o w e r e q u i p m e n t b u i l d i n g 

O u t s i d e n o r t h s i d e o f o f f i c e and m a i n t e n a n c e 
b u i l d i n g 

Number o f S p e a k e r s 

1 

1 
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1 1 . RADIATION SAFETY AND CONTROL 

1 1 . 1 I n t r o d u c t i o n 

I t i s t h e p o l i c y o f t h e O p e r a t i o n s D i v i s i o n , R e a c t o r O p e r a t i o n s 

S e c t i o n t o : 

1 . C a r r y o u t a l l o p e r a t i o n s w i t h as low as r e a s o n a b l y a c h i e v a b l e 

e x p o s u r e t o r a d i a t i o n and c o n t a m i n a t i o n . I n no case s h a l l 

i n t e r n a l and e x t e r n a l e x p o s u r e s e x c e e d t h e recommendat ions of 

t h e F e d e r a l R e s e a r c h C o u n c i l and t h e N a t i o n a l Commi t tee on 

R a d i a t i o n P r o t e c t i o n . 

2 . P e r f o r m a l l w o r k i n such a manner t h a t l o s s e s r e s u l t i n g f r o m 

c o n t a m i n a t i n a r e m i n i m i z e d . Such l o s s e s may i n c l u d e r e s e a r c h , 

d e v e l o p m e n t , and p r o d u c t i o n t i m e ; f a c i l i t y a n d / o r e q u i p m e n t 

a b a n d o n m e n t ; and t h e c o s t o f c l e a n i n g up c o n t a m i n a t i o n . 

3 . M a i n t a i n e n v i r o n m e n t a l c o n t a m i n a t i o n o f a l e v e l as low as 

r e a s o n a b l y a c h i e v a b l e c o n s i s t e n t w i t h sound o p e r a t i n g p r a c t i c e . 

1 1 . 2 R e s p o n s i b i l i t i e s 

S i n c e , a c c o r d i n g t o L a b o r a t o r y p o l i c y , t h e p r i m a r y r e s p o n s i b i l i t y 

f o r r a d i a t i o n s a f e t y r e s t s on t h e D i v i s i o n s u p e r v i s i o n , H e a l t h P h y s i c s 

a n d I n d u s t r i a l S a f e t y f u n c t i o n s must be r e g a r d e d as p u r e l y a d v i s o r y . 

Though I n d u s t r i a l S a f e t y and A p p l i e d H e a l t h P h y s i c s p e r s o n n e l a r e a l e r t 

t o r a d i a t i o n h a z a r d s and do r e p o r t t h e m , t h e y do n o t assume t h e p r i m a r y 

r e s p o n s i b i l i t y w h i c h i s a s s i g n e d to t h e D i v i s i o n . O n l y t h e D i v i s i o n i s 

assumed t o be f a m i l i a r enough w i t h i t s own o p e r a t i o n s t o e v a l u a t e t h e 

h a z a r d s i n v o l v e d ; h o w e v e r , I n d u s t r i a l S a f e t y and A p p l i e d H e a l t h P h y s i c s 

p e r s o n n e l ' s a d v i c e on r a d i a t i o n and c o n t a m i n a t i o n c o n t r o l I s s o u g h t when 

deemed n e c e s s a r y . I t i s t h e r e f o r e t h e r e s p o n s i b i l i t y o f s u p e r v i s i o n t o : 
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1 . see t h a t a l l a r e a s a r e s u r v e y e d f o r r a d i a t i o n as r e q u i r e d , 

2 . e s t a b l i s h a p p r o p r i a t e b o u n d a r i e s and p o r t n l s f o r z o n e d a r e a s , 

3 . a s s i s t H e a l t h P h y s i c s a n d I n d u s t r i a l S a f e t y i n t h e p o s t i n g o f 
z o n e s i g n s w i t h u p - t o - d a t e i n s t r u c t i o n s , 

4 . p r o v i d e s u i t a b l e c l o t h i n g c h a n g e s t a t i o n s f o r p e r s o n n e l w o r k i n g 
i n c o n t a m i n a t i o n z o n e s , w i t h p r o v i s i o n f o r s t o r a g e o f p e r s o n a l 
e f f e c t s i f n e e d e d , 

5 . p r o v i d e a s u p p l y o f r e q u i r e d c o n t a m i n a t i o n z o n e c l o t h i n g and 

e q u i p m e n t , a n d 

6 . e s t a b l i s h e a t i n g p l a c e s as r e q u i r e d and i n a c c o r d a n c e w i t h 
H e a l t h P h y s i c s and I n d u s t r i a l S a f e t y s p e c i f i c a t i o n s . 

H e a l t h P h y s i c s and I n d u s t r i a l S a f e t y p r o v i d e s p e r s o n n e l m o n i t o r i n g , 

b u i l d i n g and a r e a s u r v e y s , e x p o s u r e and s u r v e y r e c o r d s , c o n s u l t a t i o n , 

a n d o t h e r s e r v i c e s as r e q u i r e d . 

1 1 . 3 E x p o s u r e L i m i t s 

T h e p e r m i s s i b l e o c c u p a t i o n a l d o s e f o r a n i n d i v i d u a l I s t h a t d o s e , 

a c c u m u l a t e d o v e r a l o n g p e r i o d o f t i m e o r r e s u l t i n g f r o m a s i n g l e e x p o -

s u r e , w h i c h c a r r i e s a n e g l i g i b l e p r o b a b i l i t y o f s e v e r e s o m a t i c o r g e n e -

t i c i n j u r i e s . 

1 1 . 3 . 1 Maximum p e r m i s s i b l e d o s e — n o r m a l c o n d i t i o n s 

T h e v a l u e s i n d i c a t e d i n t h e f o l l o w i n g t a b l e s ( T a b l e s 1 1 . 1 , 1 1 . 2 , 

a n d 1 1 . 3 ) a r e maximum v a l u e s and o n l y I n e x c e p t i o n a l c a s e s s h o u l d t h e 

a c c u m u l a t e d RBE dose be p e r m i t t e d t o e x c e e d 10% o f t h e v a l u e s g i v e n . 
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T a b l e 1 1 . 1 . Maximum p e r m i s s i b l e dose (MPD) i n rems 

MPD age 
O r g a n MPD p e r y e a r p r o r a t i o n t o t a l 

( N = p r e s e n t a g e ) 

T o t a l b o d y , h e a d and t r u n k , l e n s 
o f e y e s , g o n a d s , o r b l o o d - f o r m i n g 
o r g a n s 5 5 ( N - 1 8 ) 

S k i n o f w h o l e b o d y , t h y r o i d 30 3 0 ( N - 1 8 ) 

Hands and f o r e a r m s , f e e t and a n k l e s 75 7 5 ( N - 1 8 ) 

Bone 3 0 / n * ( 3 0 / n ) ( N - 1 8 ) * 

O t h e r s i n g l e o r g a n s 15 15 (N—18) 

* T h i s N i s r e f e r r e d t o as t h e " r e l a t i v e damage f a c t o r . " I t i s one 
f o r r a d i u m i s o t o p e s and f o r gamma r a d i a t i o n , o t h e r w i s e i t i s s e t e q u a l 
t o f i v e f o r a l l r a d i o n u c l i d e s i n b o n e . 

T a b l e 1 1 . 2 . W e e k l y maximum e x p o s u r e l i m i t s r e c o m m e n d a t i o n s 

W e e k l y maximum recommended l i m i t * 
0 r S a n s ( e x t e r n a l ) 

T o t a l b o d y , h e a d and t r u n k , l e n s 
o f e y e s , gonads o r b l o o d - f o r m i n g 

o r g a n s 1 0 0 mrems 

S k i n o f t h e w h o l e body 6 0 0 mrems 

Hands and f o r e a r m s , f e e t and a n k l e s 1 5 0 0 mrems 
* L a b o r a t o r y - w i d e s t a n d a r d s . 
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T a b l e 1 1 . 3 . A p p r o v a l r e q u i r e d f o r e x p o s u r e t o h i g h dose r a t e s 

Dose r a t e S p e c i a l a p p r o v a l s r e q u i r e d 
r a n g e A r e a D i v i s i o n H e a l t h P h y s i c s D e p u t y 

( r e m / h ) D i r e c t o r D i v i s i o n D i r e c t o r L a b o r a t o r y D i r e c t o r 

5 - 2 0 X 

2 0 - 5 0 X X 

O v e r 50 X X 

T h e R e a c t o r O p e r a t i o n s S e c t i o n l i m i t s a r e 50 m r e m / w e e k on w h o l e body 

d o s e s , t o f u l l y i n s u r e c o m p l i a n c e w i t h L a b o r a t o r y s t a n d a r d s w i t h t h e 

o t h e r l i m i t s c o r r e s p o n d i n g l y c u t i n h a l f . 

I n a d d i t i o n , when p l a n n e d doses e x c e e d t h e w e e k l y l i m i t s , t h e 

f o l l o w i n g a p p r o v a l s a r e r e q u i r e d : 

A u t h o r i z e d dose a c c u m u l a t i o n 
( T o t a l b o d y ) 

> 6 0 mrem p e r s i n g l e day t o n o n -
o p e r a t i n g p e r s o n n e l , a n d / o r > 3 0 0 
mrem p e r s i n g l e week to o p e r a t i n g 
p e r s o n n e l 

>1 rem p e r s i n g l e e x p o s u r e 

S p e c i a l a p p r o v a l s r e q u i r e d 

D i v i s i o n D i r e c t o r i n c h a r g e 
o f i n d i v i d u a l 

D i v i s i o n D i r e c t o r i n c h a r g e 
o f i n d i v i d u a l and D e p u t y 
L a b o r a t o r y D i r e c t o r . 
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1 1 . 3 . 2 Maximum p e r m i s s i b l e d o s e — e m e r g e n c y c o n d i t i o n s 

T h e e m e r g e n c y c o n d i t i o n s w h i c h j u s t i f y t h e maximum p e r m i s s i b l e dose 

a r e : 

1 . when a n o t h e r p e r s o n ' s l i f e may be s a v e d , 

2 . when l a r g e — s c a l e r e l e a s e s o f r a d i o a c t i v e m a t e r i a l ( d u s t , g a s o r 
l i q u i d ) t h a t may e n d a n g e r o t h e r p e o p l e s ' l i v e s or h e a l t h may be 
a v e r t e d , a n d 

3 . when c o n s i d e r a b l e damage t o a f a c i l i t y may be a v e r t e d . 

I t i s o b v i o u s t h a t , i f s u f f i c i e n t t i m e e x i s t s , t h e H e a l t h P h y s i c i s t 

s h o u l d be c o n s u l t e d and a n a c c e p t a b l e t e c h n i q u e f o r a p l a n n e d dose 

s h o u l d be f o l l o w e d . 

The L a b o r a t o r y a c c e p t a b l e emergency dose t o p e r s o n s r e g u l a r l y 

s u s t a i n i n g m e a s u r a b l e e x p o s u r e s i s 10 r e m . F o r a l l o t h e r s , i t i s 25 r e m . 

1 1 . 4 Z o n i n g R e q u i r e m e n t s 

1 1 . 4 . 1 R a d i a t i o n z o n e 

A r a d i a t i o n z o n e i s a n a r e a w h e r e c o n t r o l m e a s u r e s a r e e s t a b l i s h e d 

t o p r e v e n t o r m i n i m i z e e x t e r n a l r a d i a t i o n e x p o s u r e ( T a b l e 1 L . 4 ) . 

1 1 . 4 . 2 C o n t a m i n a t i o n z o n e 

A c o n t a m i n a t i o n zone i s an a r e a w h e r e c o n t r o l m e a s u r e s a r e 

e s t a b l i s h e d t o p r e v e n t o r m i n i m i z e i n t e r n a l r a d i a t i o n e x p o s u r e and t h e 

s p r e a d o f t h e r a d i o a c t i v e c o n t a m i n a n t . 

A c o n t a m i n a t i o n zone s h o u l d be e s t a b l i s h e d when one o r more o f t h e 

v a l u e s shown i n T a b l e 1 1 . 5 i s e x c e e d e d . 

1 1 . 4 . 3 R e g u l a t e d z o n e 

A r e g u l a t e d z o n e i s an a r e a w h e r e o p e r a t i o n s a r e r e s t r i c t e d i n o r d e r 

t o c o n t r o l c o n t a m i n a t i o n . T h i s zone may c o n t a i n r a d i a t i o n z o n e s , c o n -

t a m i n a t i o n z o n e s , o r b o t h , r a n g i n g i n s i z e f r o m a s m a l l s p o t t o a l a r g e 

a r e a . 
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T a b l e 1 1 . 4 . R e g u l a t i o n s f o r p o s t i n g and e s t a b l i s h i n g r a d i a t i o n z o n e s 

D o s e - r a t e r a n g e 
( r e m s / h ) 

I m m e d i a t e a c t i o n F o l l o w - u p a c t i o n 

2 . 5 m r e m / h t o 
5 . 7 5 rarem/h 

6 m r e m / h t o 
1 r e m / h 

1 r e m / h t o 3 
r e m / h 

> 3 r e m / h 

P o s t l o w - l e v e l t a g i f t h e 
a c c u m u l a t e d d a i l y d o s e t o 
p e r s o n n e l may be 20 mrem 

P o s t w a r n i n g s i g n s o r t a g s 

P o s t w a r n i n g s i g n s o r t a g s , 
Rope of a r e a 

P o s t a g u a r d u n t i l a t e m -
p o r a r y ba r r i c a d e has been 
e r e c t e d . L o c k a n d / o r b l o c k 
e n t r i e s 

P e r i o d i c r e v i e w 

Rope o f f t h e a r e a i f t h e 
a c c u m u l a t e d w e e k l y dose 
may be 1 rem 

E r e c t a b a r r i c a d e w h i c h 
p r o v i d e s a b s o l u t e e x c l u -
s i o n o f p e r s o n n e l i f t h e 
a c c u m u l a t e d w e e k l y dose 
i n t h e a r e a may be 12 
r e m s . L o c k or b l o c k t h e 
e n t r a n c e 

T a b l e 1 1 . 5 . R e g u l a t i o n s f o r p o s t i n g and e s t a b l i s h i n g 
c o n t a m i n a t i o n zones 

T y p e o f 
r a d i a t i o n 

A i r 
c o n t a m i n a t i o n 

( u c / c c ) 

D i r e c t r e a d i n g 
s u r f a c e 

c o n t a m i n a t i o n 

T r a n s f e r r a b l e 
s u r f a c e c o n t a m i n a t i o n 

( d / m / 1 0 0 c m 2 ) 

A l p h a * 2 x 1 0 - 1 2 3 0 0 d / m / 1 0 0 cm 2 30 

B e t a - G a m m a 3 x l O " 1 0 0 . 2 5 m r a d / h 1 0 0 0 

* T h e a l p h a s u r f a c e c o n t a m i n a t i o n l e v e l s a r e maximum v a l u e s and a r e 
d e r i v e d p r i m a r i l y t o s e r v e as a g u i d e w h e r e t h e c o n t a m i n a t i o n i n v o l v e s a 
s m a l l a r e a s u c h as a s i n g l e room or c e l l . When t h e c o n t a m i n a t i o n i s 
e x t e n s i v e a n d i n v o l v e s r a d i o n u c l i d e s s u c h as p l u t o n i u m o r some o t h e r 
l o n g - l i v e d e m i t t e r o f c o m p a r a b l e t o x i c i t y , t h e a l p h a l e v e l s p e r m i t t e d 
s h o u l d a v e r a g e no more t h a n 1 / 1 0 o f t h e above v a l u e s . 
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1 1 . 4 . 4 G e n e r a l e n t r y r e q u i r e m e n t s 

R a d i a t i o n z o n e s . O p e r a t i n g p e r s o n n e l d o i n g r o u t i n e j o b s s h o u l d 

a l w a y s c a r r y t h e i r f i l m b a d g e s , p o c k e t p e n c i l m e t e r s and p e r s o n a l 

r a d i a t i o n m o n i t o r s . O t h e r i t e m s such as H e a l t h P h y s i c s s u r v e y s , m o n i -

t o r i n g i n s t r u m e n t s , and d i r e c t - r e a d i n g d o s i m e t e r s may be r e q u i r e d . 

C o n t a m i n a t i o n z o n e s . I n a d d i t i o n to f i l m b a d g e s , p o c k e t p e n c i l 

m e t e r s , and p e r s o n a l r a d i a t i o n m o n i t o r s , o p e r a t i n g p e r s o n n e l s h o u l d w e a r 

"C" c l o t h i n g ( c o v e r a l l s o r l a b c o a t s ) , g l o v e s , and shoe c o v e r s . O t h e r 

i t e m s w h i c h may b e n e c e s s a r y a r e : 

c a p , 

a s s a u l t mask , f o r a i r c o n t a m i n a t i o n , 

s u r v e y i n s t r u m e n t s , 

p a p e r t o w e l s or smear p a p e r s , 

d i r e c t - r e a d i n g d o s i m e t e r s , 

H e a l t h P h y s i c s s u r v e y , and 

c o n s t a n t a i r m o n i t o r . 

I n s i t u a t i o n s w h e r e g r o s s c o n t a m i n a t i o n i s known or may be e x p e c t e d , 

two p a i r s o f c o v e r a l l s s h o u l d be w o r n ; t h e o u t e r p a i r s h o u l d be removed 

i m m e d i a t e l y upon l e a v i n g t h e "C" zone to p r e v e n t s p r e a d i n g t h e c o n -

t a m i n a t i o n . I n a l l c a s e s , p e r s o n s and e q u i p m e n t l e a v i n g a "C" z o n e must 

be m o n i t o r e d a t t h e e x i t o f t h e zone f o r c o n t a m i a n t i o n t o p r e v e n t t h e 

s p r e a d of r a d i o a c t i v e m a t e r i a l s i n t o p l a c e s where p e o p l e n o r m a l l y t a k e 

no p r o t e c t i v e p r e c a u t i o n s . 

R e g u l a t e d z o n e . P e r s o n s e n t e r i n g t h e r e g u l a t e d z o n e f r o m a c o n -

t a m i a t i o n zone must be m o n i t o r e d f o r c o n t a m i n a t i o n . 
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1 1 . 5 R a d i a t i o n Work P e r m i t s 

T h e R a d i a t i o n Work P e r m i t ( E x a m p l e 1 1 . 1 ) i s used i n s i t u a t i o n s where 

p e r s o n n e l may be e x p o s e d t o r a d i a t i o n o r c o n t a m i n a t i o n I n e x c e s s o f c e r -

t a i n l i m i t s . O p e r a t i n g p e r s o n n e l a s s i g n e d t o a p a r t i c u l a r p r o c e s s may 

n o t n e e d a R a d i a t i o n Work P e r m i t f o r r o u t i n e w o r k w h e r e t h e r e a r e p o s t e d 

r e g u l a t i o n s . T h e R a d i a t i o n Work P e r m i t i s r e q u i r e d as f o l l o w s : 

1 . f o r n o n - o p e r a t i n g p e r s o n n e l , 

2 . w h e r e s p e c i f i e d by o t h e r p r o c e d u r e s o r s p e c i a l s i t u a t i o n s , 

3 . when a n i n d i v i d u a l may r e c e i v e g r e a t e r t h a n 20 rarems, w h o l e 
body d o s e , 

4 . when r a d i a t i o n f i e l d s e x c e e d 5 rems p e r h o u r , and 

5 . when a i r c o n t a m i n a t i o n e x c e e d s t h e maximum p e r m i s s i b l e 
c o n c e n t r a t i o n . 

T h e R a d i a t i o n Work P e r m i t s p e c i f i e s t h e p r e c a u t i o n s and m o n i t o r i n g 

r e q u i r e d , and p r o v i d e s a r e c o r d o f t h e n e c e s s a r y a p p r o v a l s and doses 

a c c u m u l a t e d i n d o i n g t h e w o r k . The R a d i a t i o n Work P e r m i t f o r m i s 

c o m p l e t e d o n l y by a q u a l i f i e d H e a l t h P h y s i c i s t a f t e r a s u r v e y i s made. 

The p e r m i t must s i g n e d by t h e H e a l t h P h y s i c i s t m a k i n g t h e s u r v e y , by 

t h e c r a f t f o r e m a n i n c h a r g e o f t h e j o b , and by a member o f t h e R e a c t o r 

O p e r t i o n s S u p e r v i s i o n , u s u a l l y t h e s h i f t s u p e r v i s o r . R a d i a t i o n Work 

P e r m i t s e x p i r e a t t h e end o f e i g h t h o u r s b u t may be e x t e n d e d f o r an 

a d d i t i o n a l e i g h t h o u r s by t h e H e a l t h P h y s i c i s t . 

1 1 . 6 S a f e t y Work P e r m i t 

A S a f e t y Work P e r m i t ( E x a m p l e 1 1 . 2 ) i s r e q u i r e d w h e r e s e r v i c e p e r -

s o n n e l a r e e x p o s e d t o e n v i r o n m e n t a l h a z a r d s a r i s i n g o u t o f work i n a n 

a r e a , o r on e q u i p m e n t , o r w i t h m a t e r i a l s o f w h i c h t h e y do n o t h a v e 

c o m p l e t e k n o w l e d g e , and o v e r w h i c h t h e y do n o t e x e r c i s e c o m p l e t e 

c o n t r o l . S i t u a t i o n s r e q u i r i n g p e r m i t s , b u t n o t l i m i t e d t o t h e s e a r e : 



RADIATION WORK PERMIT (RWP) 
O A T E A N D T I M E 

M O M 

EXTENDED BY 
TO 

WORK P E R M I T NO. 

R- 57086 
LOCATION 4 JO» DESCRIPTION 

RADIATION SURVEY DATA (To b« »ll«d in by H»o)th Phyt ic. ) 

LOC. SPECIFIC LOCATION AND TYPE or WORKIHC TIME POR CONTAMINATION R A D I A T I O N S U R V E Y 
COOE OISTANCE PROM SOURCE RAOIATION m r . f n / h r . TYPE MCASUA EMENT BY OATC AND TIUE 

A 

B 

C 

D 
INSTRUCTIONS' 

HEALTH PHYSICS MONITORING REQUIRED: • START OF JOB ^ INTERMITTENT • CONTINUOUS I I END OF JOB 

C O N T A C T H P F O R S U R V E Y B E F O R E 
S T A R T I N G WORK IN A N E W L O C A T I O N 

P R O V I D E A S S I S T A N C E F O R R E M O V A L 
O F P R O T E C T I V E C L O T H I N G 

PROTECTIVE EQUIPMENT AND MONITORING INSTRUMENTS 

T A P E C O V E R A L L S T O G L O V E S A N D 
F O O T W E A R 

M O N I T O R B R E A T H I N G Z O N E C A P 
C O V E R A L L S 

(1 P R . ) 
S H O E C O V E R S P O C K E T M E T E R S 

C H E C K T O O L S A T E N D O F J O B N A S A L S M E A R R E Q U I R E D C A N V A S H O O D 
C O V E R A L L S 

(2 P R . ) C - Z O N E S H O E S D O S I M E T E R 

C H E C K P E R S O N N E L A T E N D O F J O B B I O A S S A Y S A M P L E R E Q U I R E D S A F E T Y G L A S S E S 

[ 
G

L
O

V
E

S
 

| 

C A N V A S R U B B E R S F I L M R I N G 

T I M E K E E P I N G R E Q U I R E D 
D O N O T WORK A L O N E -
S T A N D B Y O B S E R V E R R E Q U I R E D E Y E S H I E L D 

[ 
G

L
O

V
E

S
 

| 

L E A T H E R R U B B E R B O O T S 
D O S E - R A T E 
A L A R M 

R E U A R KS 
H A L F MASK 

[ 
G

L
O

V
E

S
 

| 

S U R G E O N ' S 
P L A S T I C 
B O O T E E S 

D O S E A L A R M 

A S S A U L T MASK 

[ 
G

L
O

V
E

S
 

| 

P L A S T I C L A B C O A T C U T I E P I E 

C H E M O X MASK 

[ 
G

L
O

V
E

S
 

| 

R U B B E R I Z E D 
C A N V A S 

S P E C I A L F I L M 
M E T E R GMS M E T E R 

A I R . L I N E H O O D 

[ 
G

L
O

V
E

S
 

| 

H O U S E H O L D 
R U B B E R 

A I R - L I N E S U I T 

[ 
G

L
O

V
E

S
 

| 
REGULAR APPROVALS SPECIAL APPROVALS 

HEALTH .NT SIC 1 C C T 1 MC ATIOM OIVIIION DIRECTOR 

H . . . DIVISION OI.CCTOR 

UCM.2 77® , , /. 1, 7.,|> Only iltmt chmckti (') apply. lovenl 
. U . C . V I * ton Of .UTT LAI DIRECTOR 

H 
I vo 

li. . . S O V K . N M . N T .PtlMTlNa 0 . . 1C .*> !»•.—T40-»l» 

E x a m p l e 1 1 . 1 . R a d i a t i o n W o r k P e r m i t 
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SAFETY WORK PERMIT 
I S S U H 3 TCI. i j i . A l i o - •• > [ i p .vu • , : | i • . . , ^ O 5 » O e P v w B H 

G O O D F O R D A T E A N D T I M E S P E C I F I E D 

F J U , I . M M A . . ' - F M I I ' 1 .. . • . . . F; .T 
t I J ^ 

~ f « l P n o 'I O F A." Mr 

T H E F O L L O W I N G P R E P A R A T I O N S H A V E B E E N C O M P L E T E D I N C O N N E C T I O N W T H T H I S W O R K 

GENERAL PREPARATION Yes A'illy PROTEC FIVE EOUIPMEN f Yes Does Not 
Apply 

1. V.jlves closed, t.igRed .rut locked 1. Prot'_»rt'vf Enuir-'-rn R̂qiuu-d 
2. Pipelines undei pi»ŝ uie CHECK OR SPECIFY EQUIPMENT REQUIRFD 
3. Pipelines df.nned .ind depressun̂ d ' » t ' t 3 • C A W T B l C C I O C A MALT MASK jf*>T r o NEO'j nf.n 

Pipelines bl.inued FULL FACE MASK 
5. Pressure vessels checked .md clamed TRFSH AIR MASH 

6. Pipelines .wrt ..-quipi-ynt pm̂ t"! 1MPLRMEABLE. SUITS MONOGOGGLES 
7. Machinery .md equipment «.cife for .••or* to proceed I GLOVFS APRONS 
fl Otfter 'specify' OTHER 'SPFCIFY: Otfter 'specify' 

i i 5 i ' L : i » v r . r n A *ij»-J j> « i o 5 i ' L : i » v r . r n A *ij»-J j> « i o 

FIRE PREVENTION v.. 5 Doe! Not 
Appfv 

1 OIHIH 

1. E'Dlostve .umosimeic lest tcqiiifd ELECTRICAL Yes Does Not 
Apply 

Nonsparkmg tools requited 

Does Not 
Apply 

Nonsparkmg tools requited 
3. Welding and 01 burning required 'Si£»n.iturf» ol Flc-ctrir.nl Supervisor Required' 

IF WELDING AND'OR BURNING IS REQUIRED THE 
FOLLOWING PROVISIONS HAVE BEEN MET: 2. Cur,nts have been de-eiefKUPd 

A. Area personally inspected EU-cttic.O t.if.s .intf 'oc-̂ uts 
Suirounding floor area ŝ cm dean .tnd wot 
down, if necessaiy 
Suirounding floor area ŝ cm dean .tnd wot 
down, if necessaiy INDUSTRIAL HYGIENE Yes Does rial 

Apply 6. All combustible materials removed to a safe 
Does rial 
Apply 

locntionor protected win flame Dioof covers 1. Chpnic.ll stress Uxnc or corrosive chemicals to 
7. he usod or released' 7. 

extinguishers, .vater Pa<'s, hose lines, etc. 2. Physiol stiess \noise, heat, Inser, ultra-violet 
Monitor appointed ot other pnysic.M .isjentŝ  Monitor appointed 

NOTE! if yes is checked in eithor 1 or 2, Ind. Hygiene 
nust no cmt-Kted 9. Observer appointed, if necessary NOTE! if yes is checked in eithor 1 or 2, Ind. Hygiene 
nust no cmt-Kted 

I h a v e p e i s o n a l l , . n i D r ' . i ) s i t » c - r f '> th- j t - h e *>a'k a r e a 'Hal ^ - p n p i o p c i l v c l e a i c i i for « Q t i a n d t h a i t , - i n d i f i o n s o r e s a f e ' o r ' h e w o r t i n d i c a t e d . T h i s 

S a f e t y W o r t P e r m . ! . s t h r - i i - f o r * j p f o - e d for t l ,e rlo-.*. . M i e o t e a . ICOPY o< ' * o i ' . P e r m i t to b e p a s — i a t worl . s i t e . ) 

S U P E R V I S O R R E Q U E S T I N G WORK P H O N E F O R C M A N - I N - C H A R G E P H O N E 

LJ WORK HAS NOT BEEN COMPLETED DUE TO: End ol Shift 
[ , Other Reasons (specify) 

;;>0RK HAS BEEN COMPLETED 

AM 
This Permit surrendered at PM 

I O " 1 A < A f | . 1 N . C ' ( A R C L 

A t S t a r t of Work O r i g i n a l a n d c o p y t o t h e F o r e m a n - i n - c h o r g e . Ori C o m p l e t i o n of ^ o t k P & E , I & C , e t c . w i l l l e n d t h e o r i g i n a l a n d c o p y t o t h e D i v i s i o n S a f e t y 

O f f i c e r o f t h e F o r e m a n - m - c h a r g e ' s Divmon. Foicmoifin-chargo's D " i > i o n S o f f l y O f f i c e r w i l l r e t a i n t h e o r i g i n a l f o r h i s d i v i s i o n f i l e , f o r w a r d t h e c o p y t o t h e 

I n d u s t r i a l H y g i e n e D e p a r t m e n t , a n d p r e p a i e <010* c o p i e s for d i s t r i b u t i o n t o o p e r a t i n g s u p e r v i s o r . S a f e t y D e p a r t m e n t , a n d t o t h e F i r e D e p a r t m e n t w h e n a p p r o p r i a t e . 

U C N - 3 6 9 4 A 

( 3 1 -761 

E x a m p l e 1 1 . 2 . S a f e t y W o r k P e r m i t 
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1 . any w e l d i n g o r b u r n i n g o p e r a t i o n , 

2 . w h e r e i g n i t i o n o f f l a m m a b l e gases o r l i q u i d s i s p o s s i b l e , 

3 . w h e r e r e l e a s e o f t o x i c , c o r r o s i v e , o r h i g h l y r e a c t i v e c h e m i c a l s 
i s p o s s i b l e , 

4 . w o r k t o be p e r f o r m e d i n t h e p r e s e n c e o f m e c h a n i c a l o r p h y s i c a l 
h a z a r d s s u c h as m o v i n g m a c h i n e r y , d a n g e r o u s h e i g h t s , h i g h 
p r e s s u r e s , e t c . , and 

5 . any change i n s t a t u s o f e q u i p m e n t , f a c i l i t i e s , o r s y s t e m w h i c h 
w o u l d c r e a t e a d d i t i o n a l h a z a r d s or e l i m i n a t e any s a f e g u a r d s 
a g a i n s t h a z a r d s . 

S a f e t y Work P e r m i t f o r m s must be c o m p l e t e d by t h e c r a f t f o r e m a n and 

s i g n e d by t h a t f o r e m a n and by a member o f t h e R e a c t o r O p e r a t i o n s S e c t i o n 

s u p e r v i s i o n . 

1 1 . 7 H e a l t h P h y s i c s I n s t r u m e n t a t i o n 

E a c h member o f t h e o p e r a t i n g g r o u p o f t h e R e a c t o r O p e r a t i o n s S e c t i o n 

s h o u l d be a b l e t o m o n i t o r f o r e a c h t y p e o f r a d i a t i o n and r a d i o a c t i v e 

c o n t a m i n a t i o n u s i n g a l l t h e common i n s t r u m e n t s . 

T h e f o l l o w i n g t a b l e s ( T a b l e s 1 1 . 5 , 1 1 . 6 , 1 1 . 7 , and 1 1 . 8 ) l i s t t h e 

more commonly used i n s t r u m e n t s a t ORNL a n d t h e p e r t i n e n t d a t a a b o u t 

e a c h . 



Table 11.6. Personnel monitoring instruments (portable) 

Instrument Detector Radiation 
detected Range Applicatlon Remarks 

1. Film meter 
(badge) 

Film, Au, In, 
S, silver 
phosphate 
glass, and 
chemical 
dosImeter 

Nth 
0.1-10,000 rad Permanent record of dose of 

each type of mixed radiation. 
Au and In activated by neu-
trons from crltlcallty acci-
dent 

Film-density dependence on 
photon energy circumvented 
by filters. Orientation of 
film during exposure a problem 

2. Pocket 
Chamber 
(indirect 
reading) 
Victoreen 
type 

3. Pocket 
Chamber 
(Direct 
reading) 

4. Personal 
Radiation 
MonLtor 

Ionization 
chamber 
(air) 

Ionlzat ion 
chamber 
(air) 

G-M tube 

to 
to 

100 
200 

+ 5 mr, 
+ 10 mr 

(when 
coated with 
boron en-
riched in 
BlO) 

y. * 
high-level 

to 200 mr; 
available with 
higher ranges 

Maximum audible 
warning at 0.5 
r/h; flashing 
light becomes 
continuous at 
10 r/h 

Measurement of day-to-day 
gamma exposure 

Visual check on gamma and, 
when modified, thermal neu-
tron exposure 

Visible (light) and audible 
warning of radiation field 

Relatively energy independent 
for Read by minometer 

Position of electrometer fiber 
read through magnifying lens 

Signal frequency proportional 
to radiation Intensity. Avail-
able in higher rate ranges 

H* 
I 



Table 11.7. Portable survey Instruments (battery or electrostatically powered) 

Instrument Detector Radiation 
detected 

Range 
(nominal) 

Application Remarks 

1. Cutie Pie 

2. Geiger-
Mueller 
Survey 
Meter 
(Thyac 
and 
Nuclear 
2610) 

3. Alpha 
Propor-
tional 
Counter 
(gas) 
(PAC-3G) 

Ionization 
Chamber 
(air) 

G-M tube 

Proportional 
counter, gas 

V, x 

High-energy e 

5 to 10,000 
mrad/h 

I > 0.2 MeV, Three scales: 
xl, xlO, xlOO 
xl may be 600-
800 counts/min 
full scale 

Dose-rate meter for "•' and x 
(0.008 to 2 MeV) within 10%. 
With ORNL chamber measures 
with at least 50% efficiency 
the externally hazardous 
betas 

Detection instrument for 2 > 
0.2 MeV and y. Rate meter 
and audible pulse. Indicates 
approximate y dose rates 
between 0.05 and 20 mr/h 

May detect as 
little as 50 
d/min i in 
presence of I 
rad/h < ; range 
to 500,000 d/min 

Analysis of mixed y, n, and 
> radiation; discriminates 
between i and I'-', 

Most widely used Instrument 
for these measurements. A 
"soft-shell" instrument (ORNL 
chamber) is made by cutting 
away sections from the detec-
tor housing and replacing them 
with a thin film. Adjusted to 
"zero" position through grid 
bias potentiometer 

Energy dependent. Should be 
used with earphones for faster 
response. Sliding shield for 
3-i discrimination. Some 
models saturate above 50-100 
mr/h and will not indicate 
higher dose rates. Commercial 
instruments insensitive to low 
6 energies, unless equipped 
with thin window counter 

More stable than air propor-
tional counter. Reading not 
dependent on section of probe 
face receiving radiation, as 
with scintillation counter. 
Grade or type of gas used 
should not be changed without 
recallbratlon 

I-1 

I 



Table 11.7. (continued) 

Instrument Detector Radiation 
detected 

Range 
(nominal) 

Application Remarks 

4. Thermal 
Neutron 
Proportional 
Counter 
(Q-2004) 

5. Fast Neutron 
Proportional 
Counter 
(Rudolph) 

BF3 enriched 
in B 1 0. Pro-
portional 
counter, gas 

Proportional 
counter, 
gas 

*th 20 to 20,000 
Nt/cm2 s 

0.1 to 100 
mrad/h 

Can discriminate against 
intense V radiation (measures 
200 Nth/cm2 s in field of 10 
rad/h • ) 

Measure first-collision 
tissue dose of Nf from 0.2 to 
14 MeV. Discrimination a 
problem in • fields above 
2 r/h 

Employs BIO + N Li7 + reaction 

Tissue-equivalent walls and 
gas 



Table 11.8. Area monitoring instruments 

Instrument Detector Radiation 
detected 

Range 
(nominal) 

Application Remarks 

1. Continuous 
Beta-Gamma 
Air Monitor 
(Particulate) 

2. Monitron 

G-M tube 
(shielded) 

Ionizat ion 
chamber 

V If chamber 
Is coated 
with carbon 
only, v and 

Includes MPC 
level 

To 125 mr/h 

N th if coated 
with B 1 0-
enrlched 
boron 

Continuous recording of B-v 
particulate radiation. Amber 
light and bell alarms for 
preset level 

Dose-rate meter for r back-
ground monitoring measures 
only the relative intensities 
of Nti,. Required ac power 
input. Several ion chambers 
can be placed 150 ft or more 
from control unit 

Count-rate and strip-chart 
recorder incorporated. Does 
not distinguish between and 

Zero setting should be checked 
daily. Shoi'ld be operated 
only on high-sensitivity set-
ting unless users are warned 
of low-sensitivity setting. 
Where background permits, 
alarm should sound at 7.5 mr/h. 
Calibrated with Ra source 

M 
H 
I 

M 
Ln 

3. Threshold 
Detector 
Unit 

Series of foil N t h, Nf 
detectors 

High-intensity 
neutron flux 

Provides data which, when Should supplement, but never 
analyzed with special counting be substituted for, alarm-type 
equipment, gives the dosage of instruments which warn of dose 
high-intensity neutron bursts rate, but which do not measure 

dose 



Table 11.9. Personnel and area contamination monitoring instruments (fixed) 

Instrument Detector Radiation Range Application Remarks 
detected (nominal) 

1. Hand and 
Monitor 

Foot 

2. "Stack" 
Monitors 
for Gaseous 
Effluents 

Halogen 
quenched G-M 
tube 

Combinations 
of monitors 
listed above 
for gaseous 
and particulate 
activity 

Low-level 

Depends upon 
detectors 
chosen 

Simultaneous detection of ? 
and i contauilant ion of hands 
and shoes. Will not detect J 

Rough estimate of tin radio-
activity of effluent from a 
multi-use stack 

Most models have auxiliary 
probe for monitoring clothing 

Requires complicated and 
expensive sampling, collecting, 
detecting, counting, and data-
Interpreting equipment 
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1 2 . SERVICES TO TRANSURANIUM LABORATORY 

T h e p r o x i m i t y o f t h e t r a n s u r a n i u m p r o c e s s i n g f a c i l i t y t o t h e H F I R 

s i t e makes i t a d v a n t a g e o u s t o c o m m i n g l e c e r t a i n u t i l i t i e s . S i n c e t h e 

H F I R was c o n s t r u c t e d f i r s t , m o s t o f t h e u t i l i t y s e r v i c e s were c o n s t r u c t e d 

as p a r t o f t h i s f a c i l i t y w i t h p r o v i s i o n s made t o s u p p l y TRU when r e q u i r e d . 

A c t u a l l y , t h e H F I R i s t h e m a j o r u s e r o f most o f t h e s e u t i l i t i e s and t h e 

p o r t i o n s u p p l i e d t o TRU i s b u t a s m a l l p a r t o f t h e t o t a l s y s t e m . 

T h e v a r i o u s s e r v i c e s f u r n i s h e d TRU a r e : 

S e c o n d a r y C o o l a n t W a t e r 

T h e TRU f a c i l i t y i s s u p p l i e d w i t h s e c o n d a r y c o o l i n g w a t e r f r o m t h e 

H F I R s e c o n d a r y c o o l a n t s y s t e m . H e a d e r s b r a n c h f r o m t h e u n d e r g r o u n d 

s e c o n d a r y s u p p l y - a n d - r e t u r n l i n e s e a s t o f t h e r e a c t o r b u i l d i n g . T h e s e 

3 0 . 5 - c m ( 1 2 - i n . ) h e a d e r s c o n t i n u e n o r t h , p a s s i n g t h e e a s t s i d e of t h e 

u n d e r g r o u n d w a t e r s t o r a g e t a n k , and t e r m i n a t e i n a p i t on t h e n o r t h s i d e 

o f t h e a i r l o c k a c c e s s r o a d . T h e H F I R p o r t i o n o f t h e s e l i n e s ends i n 

t h e p i t w i t h b l o c k v a l v e s , V - 1 4 8 0 o n t h e r e t u r n l i n e and V - 1 4 8 1 on t h e 

s u p p l y l i n e . The TRU f a c i l i t y t i e s i n t o t h e H F I R s e c o n d a r y c o o l a n t 

s y s t e m a t t h i s p o i n t . 

D e m i n e r a l i z e d W a t e r 

TRU i s s u p p l i e d d e m i n e r a l i z e d w a t e r f r o m t h e H F I R p l a n t d e m i n e r a l i z e d 

w a t e r s y s t e m . A 5 . 1 - c m ( 2 - i n . ) l i n e , 0 1 - 1 6 2 7 - 2 " - 6 9 , b r a n c h e s f r o m t h e 

d i s c h a r g e h e a d e r o f t h e p l a n t d e m i n e r a l i z e d w a t e r s u p p l y punips, r u n s o u t 

t h e n o r t h w a l l o f t h e r e a c t o r b u i l d i n g , and c o n t i n u e s u n d e r g r o u n d i n a 

n o r t h e r l y d i r e c t i o n t o w a r d t h e TRU f a c i l i t y . A v a l v e , V - 1 6 0 1 , l o c a t e d 
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n e a r t h e d e m i n e r a l i z e d w a t e r pumps i n t h e r e a c t o r b u i l d i n g , c o n t r o l s t h e 

d e m i n e r a l i z e d w a t e r s u p p l y t o t h e TRU f a c i l i t y . 

E x h a u s t S t a c k 

•3 

T h e H F I R s t a c k was d e s i g n e d t o e x h a u s t 1 , 7 0 0 m / m i n ( 6 0 , 0 0 0 s c f m ) . 

S i n c e t h e H F I R e x h a u s t r e q u i r e m e n t s a r e o n l y a b o u t 8 5 0 u r V m i h . ' 3 0 , 0 0 0 q 

s c f m ) , a n o t h e r 8 5 0 m / m i n ( 3 0 , 0 0 0 s c f m ) o f c a p a c i t y i s a v a i l a b l e . M o s t , 

i f n o t a l l , o f t h i s e x c e s s c a p a c i t y w i l l be u t i l i z e d by t h e TRU f a c i l i t y . 

T h e H F I R e x h a u s t s t r e a m e n t e r s t h e b a s e o f t h e s t a c k on t h e w o t s i d e . 

An o p e n i n g f o r t h e TRU f a c i l i t y e x h a u s t s t r e a m i s a v a i l a b l e n o r t h 

s i d e o f t h e s t a c k . 

H o t - W a s t e C o l l e c t i o n ( I L W ) 

T h e H F I R a n d TRU f a c i l i t i e s m a i n t a i n e s s e n t i a l l y i n d e p e n d e n t w a s t e 

c o l l e c t i o n s y s t e m s . H o w e v e r , d u e t o i t s l o c a t i o n and e l e v a t i o n , c o n d e n -

s a t e f r o m a p o r t i o n o f t h e TRU e x h a u s t d u c t i s d r a i n e d i n t o t h e H F I R ILW 

s y s t e m s . T h i s t i e l i n e r u n s u n d e r g r o u n d f r o m t h e TRU e x h a u s t d u c t , 

p a s s e s on t h e e a s t s i d e o f t h e H F I R e x h a u s t s t a c k , and c o n n e c t s t o t h e 

l i n e w h i c h d r a i n s t h e s t a c k i n t o t h e f i l t e r p i t sump. A b l o c k v a l v e i s 

l o c a t e d u n d e r g r o u n d i n t h e t i e l i n e a t a p o i n t s o u t h e a s t o f t h e s t a c k 

a r e a i n s t r u m e n t a t i o n c u b i c l e . 

E m e r g e n c y E l e c t r i c a l Power 

E m e r g e n c y e l e c t r i c a l power ( a v a i l a b l e d u r i n g a n o r m a l - p o w e r o u t a g e ) 

i s s u p p l i e d t o TRU f r o m t h e H F I R d i e s e l - g e n e r a t o r s . A s e p a r a t e c i r c u i t 

t o TRU i s r u n f r o m e a c h n o r m a l - e m e r g e n c y s y s t e m . Upon a n o r m a l power 

o u t a g e , t h e TRU f e e d e r b r e a k e r i n e a c h s y s t e m i s t r i p p e d o u t and r e c l o s e s 

1 0 s a f t e r t h e n o r m a l e m e r g e n c y s w i t c h g e a r t r a n s f e r s t h e l o a d s t o t h e 

d i e s e l - g e n e r a t o r s . 
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n e a r t h e d e m i n e r a l i z e d w a t e r pumps i n t h e r e a c t o r b u i l d i n g , c o n t r o l s t h e 

d e m i n e r a l i z e d w a t e r s u p p l y t o t h e TRU f a c i l i t y . 

E x h a u s t S t a c k 

•j 

T h e H F I R s t a c k was d e s i g n e d t o e x h a u s t 1 , 7 0 0 m J / m i n ( 6 0 , 0 0 0 s c f m ) . 

S i n c e t h e H F I R e x h a u s t r e q u i r e m e n t s a r e o n l y a b o u t 8 5 0 m 3 / m i n ( 3 0 , 0 0 0 

s c f m ) , a n o t h e r 8 5 0 m / m i n ( 3 0 , 0 0 0 s c f m ) o f c a p a c i t y i s a v a i l a b l e . M o s t , 

i f n o t a l l , o f t h i s e x c e s s c a p a c i t y w i l l be u t i l i z e d by t h e TRU f a c i l i t y . 

The H F I R e x h a u s t s t r e a m e n t e r s t h e b a s e o f t h e s t a c k on t h e w e s t s i d e . 

An o p e n i n g f o r t h e TR'u f a c i l i t y e x h a u s t s t r e a m i s a v a i l a b l e on t h e n o r t h 

s i d e o f t h e s t a c k . 

H o t - W a s t e C o l l e c t i o n ( I L W ) 

T h e H F I R a n d TRU f a c i l i t i e s m a i n t a i n e s s e n t i a l l y i n d e p e n d e n t w a s t e 

c o l l e c t i o n s y s t e m s . H o w e v e r , due t o i t s l o c a t i o n and e l e v a t i o n , c o n d e n -

s a t e f r o m a p o r t i o n o f t h e TRU e x h a u s t d u c t i s d r a i n e d i n t o t h e H F I R ILW 

s y s t e m s . T h i s t i e l i n t r u n s u n d e r g r o u n d f r o m t h e TRU e x h a u s t d u c t , 

p a s s e s on t h e e a s t s i d e o f t h e H F I R e x h a u s t s t a c k , and c o n n e c t s t o t h e 

l i n e w h i c h d r a i n s t h e s t a c k i n t o t h e f i l t e r p i t sump. A b l o c k v a l v e i s 

l o c a t e d u n d e r g r o u n d i n t h e t i e l i n e a t a p o i n t s o u t h e a s t o f t h e s t a c k 

a r e a i n s t r u m e n t a t i o n c u b i c l e . 

E m e r g e n c y E l e c t r i c a l Power 

E m e r g e n c y e l e c t r i c a l power ( a v a i l a b l e d u r i n g a n o r m a l - p o w e r o u t a g e ) 

i s s u p p l i e d t o TRU f r o m t h e H F I R d i e s e l - g e n e r a t o r s . A s e p a r a t e c i r c u i t 

t o TRU i s r u n f r o m e a c h n o r m a l - e m e r g e n c y s y s t e m . Upon a n o r m a l power 

o u t a g e , t h e TRU f e e d e r b r e a k e r i n e a c h s y s t e m i s t r i p p e d o u t and r e c l o s e s 

10 s a f t e r t h e n o r m a l e m e r g e n c y s w i t c h g e a r t r a n s f e r s t h e l o a d s t o t h e 

d i e s e l - g e n e r a t o r s . 
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