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SPECIFICATION 
Radiation shielding for electric penetration assemblies 

TECHNICAL FIELD 
The invention relates to radiation shielding for drywell containment electric penetration 

5 assemblies in nuclear reactor facilities. 5 

BACKGROUND OF THE PRIOR ART 
A stationary nuclear power generating station is designed and used to sustain nuclear fission in a 

self-supporting chain reaction, thereby providing a source for the production of a large amount of 
gamma, neutron, and other particulate and electromagnetic radiation. Should there occur an accident 

10 involving loss of coolant, an even higher level of radiation wil l result. This radiation is potentially harmful 10 
and heavy shielding around the interior of the reactor consequently is required to protect operating personnel 
and equipment in the vicinity of the facility from being exposed to excessive and possibly harmful doses of 
radiation. In monitoring the activity ofthe core of uranium or other fissionable material located inside the 
reactor, it is necessary for instrumentation leads or conductors to be brought out from the radioactive area 

15 through the wells of the nuclear reactor face. The leads serve to connect an instrument such as a thermocouple 15 
within the radioactive area to a device such as a potentiometer located outside the containment wall of the 
nuclear generator facility. A drywell penetrator assembly conventionally is used to pass the electric conductors 
or cables through an opening in the well interfacing the nuclear reactor with those interior areas of the 
facility to which authorized persons are permitted access. For a safe level of radiation leakage to be 

20 maintained, it is essential therefore that the penetration assembly itself not constitute a channel or 2 0 
window through which the harmful radiant energy can possibly escape either directly or by scattering. 
Additional shielding consequently must be provided both inside and about the penetration assembly in 
order to attain a level of protection that does not destroy the effectiveness of the uninterrupted portion 
of the protective shielding wal l that has been constructed around the contaminated room. 

25 Radioactivity present within a nuclear reactor installation can be classified into at least four 25 
categories of radiation and subatomic particle emissions, each having different characteristics. The four 
types of radioactivity are alpha particles, beta particles, gamma rays and neutrons. It has been found 
that relatively simple radiation shields wi th individual thicknesses of but a few hundredths of an inch 
effectively prevent leakage of alpha and beta particles. In contrast, gamma rays and neutron emissions 

30 possess tremendous penetrating power and can be attenuated or controlled only by inserting 3 0 
appreciable layers of various appropriate materials within the containment shield. Although no single 
shielding material in the prior art has proved capable of attenuating or extinguishing all four types of 
radioactivity at the same time, any arrangement or combination of shielding materials which can control 
and absorb gamma rays and neutrons is generally regarded sufficient to extinguish alpha and beta 

35 particles. Therefore, consideration of the latter two categories of particle radiation usually may be 35 
discounted when confronting the problem of designing an effective protective radiation casing around 
the instrumentation leads. 

In the prior art, the cables or pipes containing the instrumentation leads extending from the 
contaminated interior of the reactor were necessarily bent into assorted non-rectilinear shapes in an 

4 0 effort to prevent the linear passage of radiation through the containment wall. Thus in a few instances, 4 0 
cables would first be formed into an S-shape, then fed through the drywell containment wall and finally 
sealed appropriately by injecting suitable thermoplastic or thermosetting materials around the cables in 
an effort to prevent the scattering of neutron and gamma radiation. Because of the sealing around the 
cables, however, it was not possible to monitor the potential gas leakage rate seeping through the 

45 interfaces either between the cables and the molded materials or between the copper conductors and 45 
the cable-insulating materials. It was believed therefore that the continuous expansion and contraction 
o f the molded materials due to the heating and cooling o f the adjacent cables when the reactor was in 
operation contributed to a potential source of radiation leakage in the prior art. Furthermore, in an effort 
to maximize the protection against harmful radiation, prior art penetration assemblies frequently would 

50 have to be filled completely, albeit uneconomically, throughout their lengths by layers of material 50 
suitably capable of controlling the neutron and gamma ray emissions. The employment of this 
procedure, however, contributed to increased overheating of the cables embedded inside the 
penetration nozzle. 

BRIEF SUMMARY OF THE INVENTION 
55 The present invention is directed to a novel electric penetration assembly providing effective yet 55 

economical shielding protection against both fast neutron and high-energy gamma radiation emissions 
inside a nuclear reactor. The invention takes advantage of a reducing effect that radiation has been 
found to undergo when being transmitted through a cylindrical-shaped duct or penetration nozzle. The 
amount of shielding materials required to be installed for protection and safety purposes within the duct 

60 or penetration assembly therefore can be correspondingly reduced. Furthermore, adequate spacing can 60 
be provided inside the penetration nozzle thus allowing excessive heat to be efficiently dissipated by 
convection, thereby assuring that the maximum allowable temperature within the nozzle is not 
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exceeded. The invention also provides a means whereby all potential paths of radiation and gas leakage 
may be monitored. 

In a preferred embodiment of the invention, an electric penetration assembly comprises a 
cylindrical nozzle pipe closed at both ends. The assembly itself is mounted in the wall between 

5 contaminated and uncontaminated areas located within the nuclear reactor. Dielectric tubes containing 5 
electrical leads or cables connecting instruments used in measuring the performance of the reactor pass 
longitudinally through the length of the assembly. The assembly is blocked near both its entrance and 
exit regions by two adjacent single layers of relatively thin lead and polyethylene shielding, which are 
themselves separated and reinforced by iron shield plates. The lead and polyethylene layers are 

10 designed to attenuate or capture the high energy gamma ray and neutron radiation emanating from the 1 q 
reactor's core and which subsequently leak through the nozzle assembly. Within the center portion of 
the penetrator assembly, a large hol low region between the lead and polyethylene slabs is left purposely 
vacant. Radiation passing through this empty cylindrical chamber undergoes a natural reduction in 
intensity thereby producing a diminished but safe dose rate. In this manner, the amount of shielding 

15 within the penetrator nozzle may be optimally reduced to effect significant cost savings. 15 
The novel features of the invention are set forth with particularity in the appended claims. The 

invention wil l be best understood from the fol lowing description when read in conjunction w i th the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a fragmentary sectional v iew taken along the center plane of an electric penetrator 2 0 

assembly mounted in a containment wall of a nuclear reactor separating a contaminated room from an 
uncontaminated room. 

Figure 2 is a side view, in section, taken on section lines 2 — 2 of Figure 1. 
Figure 3 is a plan view of one end of the penetration assembly taken on lines 3 — 3 of Figure 1. 

25 DETAILED DESCRIPTION OF THE INVENTION 25 
Attent ion is now directed to Figure 1 which illustrates an electric penetration assembly or nozzle 

10 mounted in and extending through a thick containment wall 12 constructed between t w o rooms or 
areas 14, 16 located wi th in the interior of a nuclear reactor facility. After nozzle 10 has been inserted 
and mounted, i t is welded to a plate 15 secured to the face of wall 12. Area 14 is that portion of the 

3 0 nuclear reactor facil i ty wherein large quantities of neutron, gamma and other potentially harmful 3 0 
particulate and electromagnetic radiation are released from a core of uranium or other fissionable 
material (not shown). Personnel operating the reactor facility work in room 16, which is adjacent to 
contaminated area 14, and consequently must be shielded in some manner from the harmful radiation 
emanating f rom area 14. For that purpose, a thick shield or containment wall 12 is constructed between 

35 the two areas 14 ,16 thereby providing a means for primary protection. Containment wal l 12 is 35 
composed of and includes materials such as lead plates or concrete of considerable thickness; lead and 
concrete having been found to be suitable materials for protection against radiation since both possess 
high radiant energy absorption properties. 

The present invention comprises a dry wel l penetration assembly 10, which is mounted in 
4 0 shielding wall 12. Assembly 10 itself is comprised of a cylindrical pipe or casing structure 13 which 4 0 

houses a removable shield assembly 18. Casing 13 flares radially outward at one end of penetration 
nozzle assmbly 10 to form a weld neck flange 2 0 having a lip portion 24. Flange 2 4 bears against the 
interface between contaminated area 14 and shielding wall 12. A plurality of fasteners 22 , such as 
standard screws or bolts, are threaded through the lip portion 2 4 of weld neck flange 20 and provide a 

45 means for attaching a header plate (not shown) to one end of assembly 10. The weld neck flange 2 0 45 
portion of penetration assembly 10 circumscribes a hollow chamber or cavity that is located wi th in the 
interior of assembly 10 forming an entrance region 28 which in effect opens into contaminated area 14. 

The shield assembly 18 includes a f irst iron shield plate 26, which is circularly shaped, having a 
thickness on the order of 0 .125 inches and a diameter nearly equal to the inside diameter of iron casing 

50 18 of assembly 10. Plate 26 is positioned transversely and perpendicularly to the longitudinal axis of 50 
penetration nozzle 10, thus forming a closed end which almost completely blocks the interior of 
assembly 10. A very small annular air pocket 27 lying between the outer circumference of iron plate 2 6 
and the inner circumference of casing wal l 13 is purposely left vacant to provide an air space extending 
throughout the length of assembly 10. When penetrator assembly 10 is in operation, the heat generated 

55 by the nuclear radiation being transmitted through the assembly causes the expansion of iron plate 26 55 
and substantially closes the annular gap 27. The providing of a hol low space 27 about plate 2 6 or, for 
that matter, any other body positioned inside assembly 10, protects the walls of casing 13 f rom 
possible buckling and preserves the structural integrity of assembly 10. 

The shield assembly 18 further includes a layer of plastic 30 , such as polyethylene, installed 
60 immediately adjacent to the first iron shield plate 2 6 on the side facing opposite entrance region 28. In 60 

the preferred embodiment, the polyethylene 3 0 is packed in one-inch-thick slabs or sheets almost 
completely fi l l ing a volume extending approximately seven inches wide inside the iron casing 13 which 
mantles drywell penetrator 10. As noted above, annular air Docket 2 7 bounds the outer circumference 
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of polyethylene layer 30. Because of its high content of hydrogen, polyethylene in suitable thicknesses 
has proven capable of functioning as an effective shield against neutron radiation. In effect, the 
polyethylene slabs 3 0 can attenuate fast-moving neutrons and also extinguish slow-moving or thermal 
neutrons. This first layer of polyethylene 30 is bounded immediately by a second iron shield plate 32, 

5 which is identical in both size and dimensions to the first shield plate 26. This second shield plate 32 is 5 
positioned parallel to plate 2 6 at a right angle transverse to the longitudinal axis of assembly 10. The 
obverse side of circular-shaped shield plate 32 is bounded by a dense material 34, such as tungsten or 
lead slabs. Both tungsten and lead have been discovered to be suitable for utilization in effectively 
intercepting gamma rays penetrating therein. Neutrons, on the other hand, are capable of passing 

10 unimpeded through the t w o metals. In the preferred embodiment, a first layer of lead shielding 3 4 10 
having a uniform thickness of approximately three inches and blocking nearly the entire radial width 
inside casing 13 is installed. By using lead, one may avoid the relatively excessive inelastic scattering of 
neutrons found to occur whenever tungsten is employed. A third circular-shaped iron shield plate 36 is 
positioned immediately adjacent to the layer of lead shielding 34. Having a thickness double that of first 

15 and second plates 26, 32, this third iron shield 36 is situated perpendicular to the longitudinal axis of 15 
penetration nozzle 10 and almost completely blocks the space with in the walls of casing 13. The 
obverse face of iron shield plate 36 bounds a hollow air pocket chamber 38 which extends for an 
indefinite distance throughout the central portion of penetrator nozzle 10. The precise lengths of this 
cylindrical cavity 3 8 is dictated by the dimensions of drywell penetration nozzle 10, the length of which 

2 0 has been noted to be approximately equal to the width or thickness of containment wal l 12. 2 0 
A long nozzle assembly 10 necessarily requires that chamber 38 consequently occupy a longer 

distance than would be necessitated by a shorter nozzle. Although no materials such as lead or 
polyethylene are used as shielding to block the interior of hollow cavity 38, the level of gamma ray and 
neutron radiation nevertheless is decreased due to the abovementioned reduction or "duct ing" effect. 

25 This effect causes the dose rates of both the gamma rays and neutrons to be less at the exit end of the 25 
cylindrical nozzle 10 than at the entrance region 28 of the nozzle 10. Thus, when a distributed source of 
neutrons is transmitted through a cylindrical duct such as hollow chamber 38, the ratio of the 
transmitted neutron flux to the original neutron flux may be represented mathematically as fol lows: 

— H 
( - f 

5>0 8 X L . / 

30 where = transmitted neutron flux through the cylindrical duct, <P0 = original neutron flux before the 30 
transmission, I = average removal cross section (cm - 1) for material in the duct (— O for air), L = length 
o f the duct (cm) and d = diameter of the duct (cm). Similarly, when a distributed source of gamma 
radiation is transmitted through a cylindrical duct such as hol low chamber 38, the ratio of the 
transmitted gamma ray flux to the original gamma ray flux depending upon the type of emitter used may 

35 be expressed as fol lows: 35 

2 

B e 'p* for a Spherical Emitter; 

B e " * for a Cosine Emitter; 

and = 1 . 2 6 8 — 1 B e F o r a Fermi Emitter; 
N0 \ L / 

where N = transmitted gamma ray flux through the cylindrical duct, N0 = original gamma ray flux before 
40 the transmission, r = radius of duct (cm), L = length of duct (cm)^t = average attenuation coefficient 4 0 

(cm - 1 ) for material in the duct ( ~ 0 for air), X = thickness of material in the duct (cm), and B = bui ld up 
factor of material in the duct (~1 for air). Calculations indicate that for a f ive-foot long, sixteen-inch 
diameter penetration nozzle wi thout any internal shielding whatsoever present, the transmission flux 
ratios of distributed sources of neutrons and gamma radiations are less than nine and one percent 

45 respectively. Considerable amounts of shielding materials therefore may be conserved by not having to 45 
fil l hollow chamber 38 w i th layers of lead or polyethylene. Nuclear safety standards may be successfully 

' complied wi th by the installation of only as much shielding material as is necessary to further reduce and 
diminish the radiation dosage ratios being transmitted through penetration assembly 10. An additional 
consequence resulting from the existence of hol low chamber 38 is that sufficient heat can be allowed to 

50 dissipate by means of convection thereby assuring that the maximum allowable temperature between 50 
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penetration nozzle 10 and containment wal l 12 is not exceeded. 
In the preferred embodiment the shield assembly 18 is supported on three radial support dollies 

3 9 (Figure 2) which enable the shield assembly to be inserted into and removed from the casing 13. The 
three dollies 39 are mounted along the circumferences of the obverse face of third shield plate 36; each 

5 dolly 39 containing two spherical ball bearings 41 which engage the inner wall of casing 13. Bearings 5 
41 permit the interior of assembly 10 to slide freely in and out, thereby facil itating easy access for 
maintenance purposes. Three additional and identical radial support dollies 4 3 (shown in Figure 1) are 
similarly mounted upon the face of a fourth iron shield plate 4 0 located at the other end of cavity 38. 
Shield plate 40 is a tw in of the third plate 36 in size and dimensions; i t is circular-shaped and also is 

10 positioned both perpendicularly and transversely to the longitudinal axis of penetrator 10. The thickness 10 
of fourth iron plate 40 is approximately 0.25 inches and the plate almost completely blocks the inside 
passageway of penetrator assembly 10 except for annular expansion gap 27. Plate 4 0 separates hollow 
chamber 38 f rom a second layer of lead shielding 42. Lead shielding 42 consists of lead slabs packed in 
a circular configuration fi l l ing a three-inch-thick space between the inner surfaces of casing 13 

15 immediately adjacent to shield plate 40 . This second layer of lead 42 attenuates and further prevents 15 
the gamma radiation f rom continuing its passage through penetration nozzle 10. Bounding lead slabs 
42 on their other side is a f i f th shield plate 4 4 having a dimensions similar to shield plates 2 6 , 3 2 . Iron 
plate 4 4 is circularly shaped wi th a diameter approximately equal to that of the penetrator nozzle's inside 
diameter less annular spacing 27. Since shielding plate 4 4 is positioned at a 90 ° angle transverse to the 

2 0 assembly's longitudinal axis, it too completely closes up the inner passageway of assembly 10. This f i f th 2 0 
iron plate 4 4 also bounds a second layer of polyethylene 46, which is packed inside and throughout an 
adjacent segment of penetration assembly 10. The layer of polyethylene 46 is bordered on its second 
side by a sixth and final iron shield plate 48 installed at the exit region of nozzle 10. Identical to plate 44 
in both size and configuration, shielding plate 48 is oriented perpendicularly to the penetration axis of 

25 assembly 10 thereby blocking the nozzle assembly. 25 
Three brackets 54 (of which only two are illustrated by Figure 1) connect shielding plate 4 8 to side 

wall iron casing 13, each bracket forming a U-shaped lip extending over and around the outer edge of 
casing 13. In the preferred embodiment, the brackets, one of which is located at the topmost position, 
are bolted equidistantly 120° apart f rom each other along the outer circumference of plate 48. Set 

3 0 screws 56 are threaded into the lip portion of each bracket 5 4 and can be t ightened to thereby lock 3 0 
shield plate 48 securely into place. Thus plate 4 8 forms, in effect, the closed end of penetrator nozzle 10 
at its exit region interface wi th uncontaminated area 15. In the preferred embodiment, a slip-on flange 
50 extends radially outwards a short distance f rom iron shielding plate 48 around the outer side wal l 
circumference of casing 18. A plurality of holes 52 are drilled completely through the edges of slip-on 

35 flange 50 and bolts (not shown) are threaded into the holes to secure flange 50 t ight ly against a header 35 
plate (not shown). 

Three support rods 58 (of which only one is depicted in Figure 1) extend longitudinally through the 
interior of electric penetration assembly 10 and serve to structurally hold together the various shielding 
plates to form the shield assembly 18. The rods 58 are positioned 120° f rom each other at an equal 

40 radial distance f rom the central axis running through the length of nozzle 10. In the preferred 4 0 
embodiment, each support rod 58 has a diameter on the order of approximately one-half inch. Threaded 
portions 6 0 are formed on those segments of each rod 58 immediately adjacent to the four iron shield 
plates 2 6 , 3 6 , 4 0 , 4 8 . Two pairs of jam nuts 62 screw onto the four threaded portions 60 of each rod 
58 thereby coupling the first and second layers of lead shielding 3 4 , 4 2 to the first and second layers of 

45 polyethylene shielding 3 0 , 4 6 , respectively. In addition to support rods 58, a plurality of narrow, hol low 45 
cylindrical tubes or passageway means 64A, 64B, each having a uniform circular cross-section, also 
extend longitudinally and rectilinearly through the interior of nozzle pipe assembly 10. Hollow tubes 
64A, 64B are composed of a dielectric or other suitable non-conducing material and each contains at 
least one instrumentation lead or electrical cable 72 (shown in Figures 2 and 3) extending therethrough. 

50 Instrument leads 72 are employed to monitor activity wi th in the reactor. As shown by Figures 2 and 3, 50 
there are four such tubes 64A, 64 B in the preferred embodiment (of which only t w o are depicted in 
Figure 1). A single tube 64A passes along the center penetration axis of assembly 10 and the remaining 
three tubes 64B are positioned 120° f rom each other at equal radial distances. One end of each of the 
four hol low tubes 64A, 64B opens to the entrance region 28 of assembly 10 facing radioactive area 14 

55 whi le the other end of each tube opens to the uncontaminated area 16. Two pairs of standard fasteners 55 
70, such as tube clamps and set screws, t ight ly secure each of the four tubes 64A, 64B into place. For 
purposes of clarity, fasteners 7 0 are not depicted in Figure 2. 

Although particular embodiments of the invention have been described and illustrated herein, it is 
recognized that modifications and variations may readily occur to those skilled in the art and, 

50 consequently, it is intended that the claims be interpreted to cover such modifications and equivalents. 60 

CLAIMS 
1. An electric penetration assembly for carrying instrumentation leads used in monitoring 

performance of a nuclear reactor through a containment wal l of said reactor, comprising: a cylindrically-
gg shaped tubular casing forming an exterior surface of said penetration assembly and having both an 55 
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entrance region and an exit region; two layers of radiation shielding installed inside said casing at said 
entrance and exit regions, said layers separated by a large cylindrically-shaped hollow chamber formed 
at a central region of said penetration assembly; and a plurality of dielectric tubes containing 
instrumentation leads and completely extending the length of the interior of said penetration assembly, 

5 said tubes passing through both said layers of radiation shielding and said hollow chamber, and opening 5 
into said entrance and exit regions. 

2. The electric penetration assembly as claimed in Claim 1, further comprising: a small annular 
ring-shaped air pocket positioned between an inner surface of said tubular casing and said two layers of 
radiation shielding. 

10 3. The electric penetration assembly as claimed in Claim 1, wherein said t w o layers of radiation 10 
shielding both comprise a first shielding material effective as a shield against high-energy gamma rays 
and a second shielding material effective as a shield against fast neutron radiation, said first and second 
shielding materials separated only by single thin iron plates. 

4. The electric penetration assembly as claimed in Claim 3, wherein said two layers of radiation 
15 shielding have circular cross-sections, said cross-sections nearly completely fi l l ing the width of said 15 

assembly. 
5. The electric penetration assembly as claimed in Claim 3, wherein said first shielding material is 

a dense element, said element being lead or tungsten. 
6. The electric penetration assembly as claimed in Claim 3, wherein said second shielding material 

20 is a plastic having a high content of hydrogen, said plastic being polyethylene. 2 0 
7. Apparatus for diminishing radiation leakage emanating f rom a radioactive core of fissionable 

material, said fissionable material being isolated by a containment wall having an opening therein, said 
radioactive core forming a distributed source of neutron and gamma radiation, said neutron and gamma 
radiation streaming through said opening of the containment wal l , said apparatus comprising: a 

25 penetration nozzle comprising an elongated tubular pipe having a hollow interior, said pipe extending 25 
through said containment wal l opening substantially perpendicular to said wall; and at least two 
radiation shields supported in spaced relationship wi th in said pipe, each shield having a cross-section 
conforming to the interior cross-section of said pipe and being comprised of at least two adjacent layers 
of different shielding materials for respectively extinguishing said neutron and gamma radiation leakage. 

30 8. The apparatus as claimed in Claim 7 wherein a first layer of said two adjacent shielding 3 0 
materials is comprised of a dense element, said element being lead or tungsten, said dense element 
being effective as a shield against high-energy gamma radiation. 

9. The apparatus as claimed in Claim 8 wherein a second layer of said two adjacent shielding 
materials is comprised of a plastic having a high content of hydrogen, said plastic being polyethylene, 

35 said polyethylene being effective as a shield against fast neutron radiation. 35 
10. An electric penetration assembly for carrying instrumentation leads used in monitoring 

performance of a nuclear reactor through a containment wall of said reactor, comprising: a tubular 
casing for extending through said containment wal l ; a shielding subassembly supported in said casing; 
said shielding subassembly including at least two radiation shields supported in spaced relationship 

4 0 along said casing, each shield being comprised of two adjacent layers of different shielding materials for 4 0 
respectively blocking neutron and gamma radiation; and bearing support means carried by said 
shielding subassembly for engaging the inner wal l of said casing for facil i tation movement of said 
subassembly into and out of said casing. 
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