
"'ffSR 

•Xv:3 «:A::^y::*::y:::::::::::::::: 

mmm^ 

t,:::::::-

J 

1 

S:::¥::S$:?:%?:^ mmmmm 

'A !' 

WANL-TME-546 
SEPTEMBER 1963 

%/Ef 
FEASIBILITY OF A FULL CORE NUCLEAR 

POISON SYSTEM FOR USE DURING 

RIFT LAUNCH OPERATIONS 

(Title Unclassifittd) 

^ 
. "̂  

k 
i 

DISTRIBUTION 0£ THIS DOCUMENT IS UNLIMITED 

Astronuclear Laboratory 
Westinghouse Electric Corporation 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



SUBMITTED BYs 

Westinghouse Electric Corpora 

Astronuclear Laboratory 

Pittsburgh 36, Pennsylvania 

JASTER 
•^ustronu clear 

WANL-TME-546 

SEPTEMBER 1963 

• NOTICE-
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal 
bability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 

FEASIBILITY OF A FULL CORE NUCLEAR POISON SYSTEM FOR 

USE DURING RIFT LAUNCH OPERATIONS 

PREPARED BYs 

D. W, Call 

E. H. Hemmer!e 

H, I. Kratg 

APPROVED BY; 

W, H. Arnold^, Jr. 
Deputy Manager for Analysis 
NERVA Engineering and Development 

msrmujjow D£ J>iis DOCUMENT IS 



-n«li:<»l!^ 
rgy Act - 1954 

TABLE OF CONTENTS 

I. INTRODUCTION 

II. DESIGN CRITERIA FOR THE NUCLEAR POISON SYSTEM 

III. PRELIMINARY DESIGN 

IV. MECHANICAL DEVELOPMENT OF THE POISON WIRES 

V. NUCLEAR POISON REQUIREMENTS 



rgy Act - 1954 
^A \stronuclear 

WANL-TME-546 

TABLE OF CONTENTS 

LIST OF FIGURES 

FIGURE TITLE PAGE 

Figure 3.1 Poison Wire System Pull Head 3-2 

Figure 3.2 Poison Wire Removal Actuator-Single Stage 3-4 

Figure 3.3 Poison Wire Removal Actuator-Two Stage 3-5 

Figure 3.4 Poison Wire Removal Actuator -Mul t ip le Stage 3-6 

Figure 3.5 Core-Nozz le Or ientat ion Core Poison System 3-7 

Figure 4.1 Three Dimensional Rig To Investigate Wire 4 -3 

Interaction Upon Withdrawal 

Figure 4.2 Front Face Assembly Showing Cluster Locations 4 -4 

Figure 4.3 Nozzle Throat Section 4 -5 

Figure 4.4 Pneumatic Cylinder and Pull Head 4 - 6 

Figure 4.5 Back Face of Test Rig 4 - 7 

Figure 4.6 Poison Wire Pull Force Vs Radial Position 4 - 8 

Figure 5.1 Variat ion of Thermal Flux Depression Factor w i th 5-3 
Poison Wire Concentration per Fuel Element 

Figure 5.2 Variat ion of Epithermal (3rd Group) Flux Depression 5-4 
Factor wi th Poison Wire Concentration per Fuel 
Element 

Figure 5.3 Eigenvalue Variat ion wi th Poison Wire Concentration 5-5 
per Fuel Element Uniformly Dispersed Throughout 
the Core 

Figure 5.4 Eigenvalue Variat ion wi th Uniformly Poisoned Bundle 5-6 
Radius and Various Poison Wire Concentrations per 
Fuel Element 

file:///stronuclear


CONFIDENTIAL ^ 
RESTRICTED DATA ®As,ronuc,e. 
Atomic Energy Act - 1954 

WANL-TME-546 

FIGURE TITLE PAGE 

Figure 5.5 Uniformly Poisoned Bundle Radius Required Versus Total 5-7 
Number of Wires Employed for 5% Shutdown 

Figure 5.6 Total Number of Poison Wires Required for 5% Shutdown 5-9 
Using Various Annular Poison Region Geometries 

CONFIDENTIAL 
RESTRICTED DATA 
Atomic Energy Act - 1954 

I I I 



^ustronuclear 

WANL-TME-546 

FEASIBILITY OF A FULL CORE NUCLEAR POISON SYSTEM FOR 

USE DURING RIFT LAUNCH OPERATIONS 

I. INTRODUCTION 

One of the prime safety considerations associated wi th the RIFT vehicle 

assembly and launch at Cape Cavernal is preventing an accidental reactor excursion in 

the proximity of the launch site. In addit ion to the normal operations wi th the nuclear 

subsystem in the area, accidents resulting from malfunction of the lower chemical stages 

can lead to the production and release of fission product material. Several approaches have 

previously been investigated such as locked control drums or in-core poisons which prevented 

accidental c r i t i ca l i t y on the launch pad but were based on manual removal of the 

protection just prior to launch. This protect ion, on thorough review, is l imited since i t 

does cover the period of time between removal and launch, i t must be replaced if the launch 

is delayed, and i t affords no protection in the event of early abort. Maximum protection 

can be achieved w i th a system which maintains the reactor subcritical under a l l conditions 

which can credibly be postulated for the launch area including core compaction or f looding 

wi th water, lower stage propellant, or other hydrogenous material. 

Two basic characteristics of the NRX reactor complicate the problem of 

safeguarding against accidental cr i t ica l i ty . It is a relat ively small reactor wi th fissioning 

due pr incipal ly to intermediate energy neutrons. Hence, the neutron leakage is large and 

the uranium inventory is much greater than that for a comparable size thermal reactor. In 

addi t ion, a considerable volume of the core is voided and since propellant must be d is­

charged i t is impossible to contain the reactor in a sealed vessel. Immersion of the reactor 

in water, which is in abundance near the launch pad, can add react iv i ty both by increased 

ref lect ion external ly and increased moderation internal ly. Increased internal moderation 

is so effect ive that small sections of the core can be independently c r i t i ca l . 
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The requirements for the system which w i l l protect against accidental 

cr i t icalsty fo l low from the discussion above. It must use a nuclear poison which is 

disbursed through out the core and must remain in the core during vehicle assembly, 

count down,and the in i t ia l period of booster operation. The system resulting from 

this study consists of approximately 2,000 boron-10 wires inserted in the coolant channels 

of the fuel elements and distributed uniformily throughout the core. A shutdown of 5% 

AK is achieved w i th the reactor fu l l y immersed in water. The principal factors determining 

the feasibi l i ty of such a system were the potential damage that could be caused to the 

fuel element coolant channels and support blocks by rapidly removing the poison wires 

and the mechanical equipment reqs,jired for the wire removal. 

The experimental program ini t iated during the study established the feasibi l i ty 

of using poison wiies if they are coated wi th teflon and demonstrated that the forces re ­

quired for the:r removal are not excessive.. About 2150 pounds is needed to pull the wires 

from the coolant channels. In i t ia l attempts w i th uncoq.ted wires were not successful. Three 

fo four times the force was required to pul l the uncoated wires and the fuel element cluster 

blocks were damaged in the process. 

Conceptual designs of a poison wire retention device,a pull hea4and an 

actuator system are presented. Although these designs are not defini t ive,no major 

problems are anticipated which would invalidate the feasibi l i ty of the basic poison wire 

system. Work w! ! ! continue in the forth coming contract year to develop a prototype 

design of the puH head and an actuator system. 
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I I . DESIGN CRITERIA FOR THE NUCLEAR POISON SYSTEM 

The development of a poison system is based on the fo l lowing cr i ter ia: 

1. The K rr for the reactor f u l l y immersed in water or other 

hydrogenous l iqu id or f u l l y compacted must be less than 0.95. 

2. The poison must be retained in the core during an on-the-pad 

f i re involving the reactor coolant or the propellant of the 

lower stages, 

3. The poison must be completely removed from the core prior to 

second stage separation. Ten seconds are al lowed for poison 

wi thdrawal, 

4 . No r ig id conrtectjon can be made to the nozzle. A plastic 

ring that can easily be melted or burned out by the hot 

reactor coolant may be lef t in the nozzle throat after removal 

of the poison wires, 

5. The poison must remain w i th the core in the event the 2nd 

stage is prematurely separated from the nuclear stage. 

6. Removal of the poison from the core must not cause core 

damage. This is part icular ly important since damage of the 

niobium carbide coating on graphite in the hot reactor coolant 

stream can lead to accelerated corrosion of the components. 

7. Poison withdrawal equipment must be mounted out of the 

nozzle wi th the nuclear stage, or on the second stage, so 

that the nozzle is clear after separation, 

. 8, The system must be able to withstand powered f l igh t 

environment. 
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I I I . PRELIMINARY DESIGN 

The first phase of the preliminary design process was to review different methods 

for providing poison in the core of an NRX-A reactor design and to review these in l ight of 

the system cr i ter ia. Major reactor redesign to incorporate increased control capabi l i ty was 

considered but discarded becuase of its effect on the NRX-A program, A large number of 

in-core control elements wi th independent control actuators is conceivable but would be an 

integral part of the basic reactor design. Such methods have been reviewed for alternate 

or advanced reactor designs. Some of the approaches considered for the NRX-A and their 

l imitations are given Jselow, The use of fusible plugs to retain poison gases or liquids was 

eliminated because of their inabi l i ty to survive launch pad fires, their high potential of 

poison loss in the event of mechanical damage to the core,and the requirement necessary for 

their removal. Reactor heat is not avai lable unt i l after the poison is removed. Pellets were 

considered to be undesirable because of their potential for packing, and because of the problem 

of providing plugs which could be removed on command but which would not shake lobse 

prematurely. Segmented wires or "key chain" devices presented possible problems of 

damage to the support cookies of an NRX-A reactor design as they left the channel. Poison 

wires seemed to have the advantage of offering minimum development problems, good 

structural strength at elevated temperatures^and mechanical integri ty. The major problems a n t i ­

cipated for the development were tendency of wires to cause damage to the support block 

and the challenge of holding a mult iwire pul l head in the nozzle without fasteners, 

A conceptual version of a pul l head for the poison wire system which is mounted 

in the nozzle throat is shown in Figure 3,1, The poison wires are clustered into groups and 

each group mounted in the retaining plate through a ball and socket device. The plate is 

fastened to a pul l head, and the entire assembly held in place by a spring leaf structure. 

The spring characteristics of these leaves is determined by the " g " force during ascent 

acting on the combined mass of the head and poison wires. For the head shown and 2400 

wires, the force corresponding to 6 " g ' s " is about 1000 pounds. The nozzle throat may have 

a te l fon or similar overlay to minimize abrasion of the nozzle during retraction of the 
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head and wires i f required. An alternate arrangement was examined which used pressure 

pads against the nozzle w i th a retracting device similar to an umbrealloji but the 

complexity of i t compared to the passive spring approach made i t less desirable. The 

object shown beneath the pul l head is the top of the actuator. In pract ice, the actuator 

could be run up by gas pressure to a position just beneath the pul l head during countdown. 

Here i t could help support the pul l head from below against " g " loads, but would break 

clear without the pul l head if the 2nd stage or interstage structure fa i led . After the proper 

al t i tude was reached, an enabling signal would cause the actuator to be l i f ted into the 

pul l head, but not engaged. An arming signal would cause the engagement of the ram 

plungers w i th the pul l head. On the f i r ing or withdrawal signal, high pressure gas to the 

actuator would effect withdrawal of the pul l head and wires. 

Figure 3,2 shows a l ightweight, single stage piston and cylinder type high 

pressure actuator mounted on the top of the 2nd state of the vehic le. Redundant gas supplies 

are furnished to provide increased re l iab i l i t y . This arrangement provides maximum re l iab i l i t y 

at the expense of height required. 

Figure 3,3 shows a two stage actuator which reduces the height requirements but 

results in somewhat greater complexity and consequent decrease in re l iab i l i t y . Here the 

first stage cylinder forms the 2nd stage piston and gas pressure is used to effect simultaneous 

withdrawal of both 1st and 2nd stage pistons. 

Figure 3,4 shows a multistage actuator. It has the least height requirements, but 

is penalized by weight, complexity, and lower re l iab i l i t y . Unless space limitations are 

overly restrict ive, the use of a multistage actuator is discourage. 

The general configuration and dimensional limits of the core-nozzle-2nd stage 

complex are shown on Figure 3,5, The effect on the distance required between the nozzle 

and second stage for a 54 inch wire travel using a multistage actuator is shown on the 

accompanying table. 

3-3 
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POISON SYSTEM 
ACTUATOR 
SINGLE STAGE 

FIGURE 3.2 POISON WIRE REMOVAL ACTUATOR-SINGLE STAGE 
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POISON SYSTEM 
ACTUATOR 
DOUBLE STAGE 

FIGURE 3.3 POISON WIRE REMOVAL ACTUATOR-TWO STAGE 

3-5 
fW^^vfv. I t 

* ^ l ^ m r Energy Act - 1954 
j . s*n> < '^-rr' 

- ^ • ^ • — • " - -



istronuclear 

WANL-TME-546 

POISON SYSTEM ACTUATOR 
MULTIPLE STAGEj 

FIGURE 3.4 POISON WIRE REMOVAL ACTUATOR-MULTIPLE STAGE 
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IV. MECHANICAL DEVELOPMENT OF THE POISON WIRES 

It was recognized early in the development of a core poison system that two 

major problems existed. First, the erosion effects of the poison wire being drawn the 

length of a fuel channel and support block and secondly, the determination of forces 

required to pul l a group of wires, recognizing possible geometrical biundling effects in 

the nozzle throat. Two simple test rigs were bu i l t to explore these effects. The first 

simulated a plane section through the axial center l ine of the core. It used several 

simulated fu l l length fuel elements fastened to a board in varying radial positions. Wires 

were pul led through the elements and a simulated nozzle, and pull forces measured 

on individual wires and groups. From these simple tests, we learned the fo l lowing: 

1. A soft w i re , used in a channel, tends to straighten out 

between the ex i t hole and the nozzle, breaking the 

inboard l i p . 

2. A springy wire, used in the outer channels, w i l l maintain 

a reverse curve, showing tangency at the channel ex i t 

and nozzle. The problem wi th a springy wire, however, 

is the whipping that accompanies channel ex i t , tending 

to break off the outboard l ip . 

3. The whipping effect of the spring wire could be relieved by 

pre-shaping a wire to a form approximating the nozzle 

curvature. 

4 . The whipping effect could also be al leviated by placing a 

teflon sleeve or bal l over the end of the wire, a l lowing i t 

to rotate freely out of the hole on ex i t . 

5 . Rough estimates of individual wire pul l forces were made. 

Addi t ion of a tef lon coating to the wire reduced the for te 

by three to four. 

4 -1 
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A major unknown in the behavior of a mony-wire bundle was the interaction of 

wires in the throat section, with possible twist ing, k ink ing, etc., which may result in very 

high withdrawal forces. A simple three dimension r ig shown in Figure 4 , 1 , was bui l t to 

investigate the geoitietric problems. It was confirmed thpt a l imited bundle could be pulled 

wi th a minimum of wire interact ion, pnd that whipping could be al lev iated, i t not 

eliminated by pre-shcping. 

Figure 4.2 shows the front face of the assembly which is a barrel simulation of 

the core. Full length fuel clusters may be placed in any of 43 positions, including a center 

cluster, 6 at 4 " radius, 12 at 8 " , 12 at 12", and 12 at 16 -1 /4 " . A t the front end of the 

mockup, we have mounted a nozzle throat section shown in Figure 4.3. A pneumatic cyl inder. 

Figure 4.4, is mounted in l ine wi th the nozzle throat and a pul l head attached to the ram. 

It isjpossible to vary pul l ve loc i ty by control l ing air f low through the cyl inder. A strain 

gauge load cell measures the pul l force. The fuel clusters used are a true simulation of 

NERVA fue l , complete wi th support b lock. There are 1,650 fuel elements in the NRX-A 

core, 6 of which are associated wi th each of 275 fuel clusters. Each cluster contains a 

central unfueled element through which a supporting t ie-rod passes. Each fueled element 

has 19 coolant-channels which are 0.098 in diameter. 

The back face of the test r ig . Figure 4.5, shows the retention keepers which 

enable the clusters to be locked in place ax ia l l y and radia l ly . Measurements were made 

of pul l forces for combinations of cluster wires, the fuel elements and support blocks were 

examined for any signs of damage after each tr ial pu l l . Pull velocit ies were varied up 

to 1/2 fps. to deterimine if there is a ve loc i ty threshold for channel damage. No channel 

damage, either from erosion or chipping, was found when teflon coated wires were used. 

Figure 4.6 shows a plot of the pul l force per wire versus radial position of the wire in the 

core for a pul l ve loc i ty of 1/4 fps. Both the cr i t ica l and end loads are shown. The 

in i t ia l load is that required to overcome static f r ic t ion whereas the end load arises from 

the increased moment exerted by the wire on the channel as i t clears the hole. 

4 -2 
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Both loads increase rapidly wi th larger radii w i th the end load being dominant and 

reaching a maximum of 1.36 lbs. per wire at th^ outer-most cluster radius. The data for this 

curve was generated by pul l ing wires from each radius independently. Addit ional data 

indicates that the forces required for simultaneously pul l ing wires from different radi i 

are addit ive which implies that no interaction exist. For example one test run consisted 

of pul l ing 15 wires from each of the 43 clusters simultaneously, and resulted in a total load 

of 410 lbs. Figure 4.6 would predict a load of 417 lbs. for this distr ibution. Other data 

obtained indicates that the loads corresponding to a pul l rate of 1/2 fps would be a factor of 

7/5 higher than those at 1/4 fps. 

The nuclear calculations described in Section 5 indicate that a uniform 

distribtuion of about 2,000 wires'wpti ld represei^t the optimum arrangement (least number 

of wires) for a 5% shutdown of the fully-immersed core. Based on Figure 4,6 such a 

system would require a pul l force of 1540 lbs. for removal. Scaled for a pul l rate of 1/2 fps, 

the pul l force is 2150 lbs. 

4 -9 
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V. NUCLEAR POISON REQUIREMENTS 

The experimental program develops the information on'desired wire bundle 

radius and the pul l force for an arbitrary number and distribution of wfres. Obviously, 

the smallest diameter bundle and the least number of wires to be pul led are desired from 

both the standpoint of the forces required and potential damage to the core coolant channels. 

The minimum bundle diameter is determined by the maximum thickness of the annular 

unpoisoned region between the reflector and the central poisoned region which can be 

tolerated. 

A l l eigenvalue calculations presented here are based on 4-group, 1-dimensional, 

diffusion theory using the " A I M - 5 " computer program. The input constants were obtained 

from the "MUFT" (3 fast groups) and the "TNS" (thermal group) codes. The groups are 

distinguished by the fo l lowing energy breakpoints: 0.821 mev, 5.53 kev, 1.86 ev. 

This analysis deals solely wi th pure B-10 metal. Although an exhaustive study 

has not been mad^no materials problems are apparent'which would invalidate its use as 

the poison material . Other materials, such as boral and boron carbide using natural 

boron have been investigated by W A N L and found to be appreciably less effect ive. For 

example^with a uniform poison distributior^about 2.5 times as many wires of B^C would 

be required as of pure B-10 to achieve 10% shutdown. Although 100% pure B-10 metal 

was assumec^a proposed A.E.C. specif ication obtained recently indicates that the enrichment 

of B-10 maybe as low as 92%. This degradation of B-10 has not be Included in the results 

but direct extrapolation an the effect ive B-10 density should be conservative. 

The poison wire consists of a 50 mil diameter B-10 metal clad wi th stainless 

steel which is 0.0075 Inch th ick. This In turn is sheathed wi th 0.0055 inch thickness of 

polyethylene. 

A major effort In the analysis was to obtain f lux depression or self-shielding factors 

for the pure B-10. These factors must be Introduced so that the total absorption reaction rate 

In the poison w i l l remain the same when the wires are homogenized throughout the core. 

5-1 
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For this purpose, the WANL Advanced Reactor Design Group calculated the 4-group fluxes 

throughout a cell consisting of one wire surrounded by an essentially inf in i te fuel region. 

These calculations ut i l i zed a 4-group, 1-dimensional, transport code "DSN" wi th the S4 

approximation. The depression factor ( i .e . the ratio of the average f lux wi th in the wire to 

the average f lux throughout the cel l) was found to be 0.036 for the thermal group and 

0.426 for the third (1.86< E< 5530 ev) fast group. The first two fast groups were not 

signif icantly depressed in the w i re . As more wires are placed wi th in the core the effective 

cell size associated wi th each wire decreases. This '"mutual shadowing" decreases the average 

cell fluxes and, therefore, increases the depression factors. Figures 5.1 and 5.2 show the 

variat ion of the depression factors in the thermal and third fast groups respectively wi th 

wi th wire concentration per fuel element assuming a uniform distribution of wires wi th in 

the fuel element. Another important effect, part icularly in the thermal group, is the spectral 

and consequently the B-10 micro-absorption cross section variation wi th poison concentration. 

For example, this cross section is 1380 barns for the unpoisoned f looed core and reduces to 

770 barns for a concentration of 15 wires per fuel element. Figure 5.1 shows the thermal 

f lux depression factor variation due to spectral change and mutual shadowing combined. 

Figure 5.3 shows the variat ion of Kgff w i th the concentration of pure B-10 

poison wires per fuel element uniformly dispersed throughout the completely immersed 

NRX-A core. The unpoisoned immersed core is 53.4% supercrit ical. It is seen that a total 

of 1.1 wires/element x 1650 elements = 1815 wires would render the immersed core 5% 

subcr i t ical . 

Figure 5.4 shows the effect of leaving an outer radial region of the core u n -

poisoaed whi le uniformly poisoning the remainder wi th various concentrations of pure B-10 

wires. The bundle radius necessary for the 5'% shutdown is shown in Figure 5.5 versus 

the total number of wires employed. The bundle radius can be reduced to about 35 cm 

without appreciably increasing the total number of wire's required, but any further reduction 

could be made only at the expense of using considerably more wires. This is because, wi th 
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decreasing bundle radius, the outer unpoisoned region appi^Doches the thickness at which 

i t is cr i t ica l wi thout coupling w i th the rest of the core. 

Finol ly, the possibil i ty of reducing the number of wires required by isolating two 

unpoisoned core regions wi th a heavily poisoned annular ring was investigated. For this 

purpose, a central poison region of 9.5 cm radius and 3 wires per element concentration 

was employed. These wires are readily accessible for removal and, without adding 

appreciably to the total number of wires, a id considerably in isolating the unpoisoned 

core regions. Figure 5,6 shows the number of wires necessary for the 5% shutdown versus 

the outer annular radius for various inner annular radii in the region of interest. Included 

in this f igure are the uniform poison bundle results. It is seen that the annulus approach 

has s igni f icant merit only if the desired outer poison radius is quite small ( i .e ,^34 cm). 

For an outer radius of about 35 cm, where the optimum trade-off between number of wires 

and outer radius occurs, the uniform bundle and the annulus approach wi th a small inner 

annular radius are competi t ive. 

To conclude, the minimum number of pure B-10 poison wires required for a 5% 

shutdown occurs when the wires are distributed uniformly throughout the core. Such a d is ­

tr ibution would require 1815 wires or sl ight ly more than one per fuel element. An outer 

radial core region of about 8 cm thickness may be lef t unpoisoned without requiring 

appreciably more wires, but larger thicknesses can be realized only wi th prohibi t ively 

large numbers of wires. For example, a uniformly poisoned bundle of 35 cm radius would 

require 2400 wires whereas a 33 cm radius would require 4550 wires. The annulus approach 

does not ef fect ive ly isolate the unpoisoned core regions due to the annulus's re lat ively 

large transparency to fast neutrons. This approach has some merit in removing wires from the 

core region immediately adjacent to the f u l l y accessible region (in line wi th the nozzle 

throat area) by increasing the number of accessible wires in the central ly poisoned region, but 

the savings is not signif icant. 
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