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[57] ABSTRACT 
Apparatus is provided for filtering radioactive parti-
cles from the cooling and/or auxiliary process water of 

a nuclear reactor, or nuclear fuel processing plant, or 
other installations wherein radioactive fluid systems 
are known to exist. The apparatus affords disposal of 
the captured particles in a manner which minimizes 
the exposure of operating personnel to radioactivity. 
The apparatus comprises a housing adapted to contain 
a removable filter cartridge assembly, a valve normally 
closing the lower end of the housing, an upwardly-
open shipping cask located below the valve, and an 
elongated operating rod assembly projecting upwardly 
from the filter cartridge assembly and through the 
upper end of the housing to enable a workman to dis-
mount the filter cartridge assembly from its housing 
and to lower the filter cartridge assembly through the 
valve and into the cask from a remote location above 
the housing. The filter cartridge assembly is releasably 
connected to the operating rod assembly and is capa-
ble of being disconnected therefrom when the operat-
ing rod assembly is displaced downwardly and rotated 
after the cartridge is loaded in the cask. The apparatus 
is surrounded by a mass of concrete to absorb radia-
tion emitted from within the filter housing, and addi-
tional structural elements are provided to ensure the 
safety of operating personnel. 

19 Claims, 5 Drawing Figures 
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F I G . 3 



3,890,233 
1 2 

APPARATUS FOR FILTERING RADIOACTIVE tridge inside the housing. The cartridge is uncontrolla-
FLiJIDS bly dropped into an upwardly-open shipping cask or re-

ceptacle after the hatch is disconnected from the hous-
The present invention relates to filters, and more par- ing and slid transversely thereto. This type of filter has 

ticularly, the present invention relates to apparatus for 5 certain limitations. For instance, due to the uncon-
filtering radioactive particles f rom fluids associated trolled manner in which the cartridge is removed, the 
with a nuclear reactor or other source of radioactivity. filter size is limited to relatively small units to reduce 

The present invention is described in Disclosure Doc- the hazards of splashing, and the units must be mani-
ument No. 022375 filed in the Patent Office on Sept. folded to provide sufficient filtering capacity. Splashing 
13, 1973. 10 causes serious airborne and surface contamination ha-

In a nuclear power plant, a coolant is circulated zards to the immediate environment, and undue expo-
around the core of the reactor as a heat transfer me- sure hazards are presented to operating personnel, 
dium which transfers the heat generated in the reactor Moreover, the filter cartridge may not be changed 
to apparatus wherein the heat may be further trans- readily because of the time required to dismount the 
ferred and/or extracted. Coolant branch circuits are 15 hatch, and to clean up and decontaminate the sur-
provided, and they are utilized for many purposes such rounding area afterward, etc. Accordingly, known bet-
as coolant volume control, coolant water chemistry tom-loaded filters are not as satisfactory as desired, 
control, reactivity control, etc. The reactor coolant sys- Known radioactive fluid filters have been operation-
tem, its associated branch circuits (commonly known ally limited to removing only relatively large particles 
as auxialiary process systems) and their related compo- 20 f rom the cooling fluid of nuclear reactors. This is be-
nents compose a major portion of the fluid system of a cause a filter capable of capturing the many very small 
nuclear power plant or other nuclear reactor installs- particles known to be present in the coolant and pro-
tion. cess fluids would tend to emit excessive amounts of ra-

During operation of a nuclear reactor, or other dioactivity due to the mass of particles captured 
source of radioactivity, particles of foreign matter re- 25 thereby. As a result, high efficiency (very small parti-
sulting from corrosion of the coolant and auxiliary pro- cle-retention size) filters have not found wide usage to 
cess system piping, tend to become entrained in the date because of the exposure problems associated with 
coolant and to circulate therewith around the core of changing the cartridges. In addition, due to the aggra-
the reactor and through the associated cooling and pro- vated handling problems resulting from the increasing 
cess equipment and piping. As the particles flow 30 levels of radiation, filter cartridges presently used are 
around the source of radioactivity they become radio- frequently removed and disposed of as radioactive 
active, and they tend to accumulate at various locations waste before they are fully utilized. As a result, the 
in the piping systems and emit radioactive energy. De- amount of radioactive waste (radwaste) handled is sig-
pending upon the shielding associated with the piping nificantly greater than would otherwise be necessary if 
system, the emission of radioactivity f rom the accumu- the handling problems could be resolved, 
lated particles tends to create health hazards for per- Since known filters are not utilized to remove the 
sonnel working in and about the radioactive fluid sys- many small particles entrained in the fluid streams, 
tems and/or associated components . higher inventories of radioactive materials than desired 

In order to control the quantity of foreign matter are contained within the fluid. The higher inventory of 
flowing in the cooling and process systems, some nu- 4 0 radioactive material in the fluids not only increases per-
clear power plants and other installations are provided sonnel exposure problems, but it also causes the gener-
with filters to collect the radioactive particles for re- ation of significant quantities of additional radwaste for 
moval from the coolant and process systems. Some disposal as a result of the increased quantities of wash-
conventional filter housings employed to capture radio- down fluids necessary to clean up leaks and spills, 
active particles have a top hatch affording installation Moreover, additional containment and cleaning mate-
and removal of a removable filter cartridge f rom above. rials are required for equipment maintenance, etc. 
However, since the particle-laden cartridge is usually It is known that the radwaste must be transported 
placed in a standard upwardly-open shielded shipping over public accessways enroute to its burial site. With 
cask for ultimate disposal, top-loaded filters present se- such transportation is the ever present risk of an acci-
rious radiation exposure problems because of the ab- dental discharge of radioactivity. Since the risk is re-
sen ce of adequate shielding and other protection to op- lated to the number of vehicles miles the waste is trans-
erating personnel during cartridge changing. To ame- ported, it should be apparent that a reduction in the 
Borate the magnitude of this problem, a filter cartridge overall volume of waste transported reduces the risk, 
transfer cask is known to have been used to shield oper- 5 5 Furthermore, there is a need for means whereby a re-
sting personnel f rom the aforementioned radiation ex- duction may be effected in the overall volume of rad-
posure. However, this solution has not been adequate waste buried. 

since the highly radioactive filter cartridge must then With the foregoing in mind, it is a primary object of 
undergo two transfers, one f rom housing to the transfer the present invention to provide novel apparatus for fil-
container, and the other f rom the transfer container to 6 Q tering radioactive particles from fluids, 
the shipping cask. In addition, the transfer container It is another object of the present invention to pro-
requires a considerable decontamination effort a f te r vide an improved filter which has a removable car-
each cartridge change, thereby subjecting operating tridge capable of being controllably changed from a re-
personnel to additional radiation exposure. " mote location. 

A so-called bottom-loaded filter is known in the art. 6 5 It is a further object of the present invention to pro-
Such a filter has a housing with a boited-on bot tom vide filtering apparatus which is relatively simple in 
hatch which closes the bottom of the housing and construction and highly reliable in use and which is, 
which funct ions v/hen in place to mount a filter car- therefore, particularly suited for filtering radioactive 



3 , 8 9 0 . 

3 
par t ic les f r o m a cool ing and o the r f luid in a n u c l e a r 
power p lan t and o t h e r instal lat ions w h e r e e q u i p m e n t 
reliability is an i m p o r t a n t cons idera t ion . 

Y e t a n o t h e r o b j e c t of the p resen t invent ion is to p ro-
vide a filtration system which enab les a filter ca r t r idge 5 
to be control lably r e m o v e d f r o m its hous ing and loaded 
direct ly in to a shipping cask by a w o r k m a n s tanding a t 
a locat ion r e m o t e f r o m the shipping cask t o r e d u c e the 
exposure of the w o r k m a n to radioact ivi ty dur ing the 
course of changing the fi l ter car t r idge . 10 

As a f u r t h e r ob jec t , t h e p resen t invent ion p rov ides 
improved rad ioac t ive f luid filtration a p p a r a t u s which is 
capab le of f i l tering substant ia l a m o u n t s of rad ioac t ive 
mater ia l f r o m a f luid wi thou t resul t ing in excessive ra-
dia t ion exposu re to w o r k m e n while chang ing the f i l ter 15 
car t r idges . 

It is a n o t h e r ob jec t of the p resen t invent ion to p ro-
vide high ef f ic iency filtration e q u i p m e n t whe reby the 
inventory of rad ioac t ive mater ia l c o n t a i n e d in f luid sys-
tems can be substantial ly r e d u c e d be low present ly- 20 
to le ra ted values. 

A n o t h e r objec t ive of t he p r e s e n t invent ion is to p ro-
vide m e a n s fo r accumula t i ng a relatively large quan t i ty 
of rad ioac t ive mater ia l in a relatively small vo lume , 
such as a filter ca r t r idge assembly, t o substant ia l ly re- 25 
d u c e the overall vo lume of radwas te t r a n s p o r t e d pub-
licly, whe reby the risk of acc identa l d i scharge of radio-
activity to the e n v i r o n m e n t , as well as to t h e genera l 
publ ic , is significantly r e d u c e d . 

A f u r t h e r ob jec t of t he p resen t invent ion is to p rov ide 3 0 

m e a n s fo r r educ ing the overal l vo lume of r adwas t e 
which requ i res burial as a result of t he opera t ion a n d 
m a i n t e n a n c e of n u c l e a r p o w e r plants , nuc lea r fue l p ro -
cessing p lants , and o t h e r instal lat ions where in rad ioac-
tive fluid systems a re known to exist, a n d t h e r e f o r e to ^ 
r e d u c e the overal l t h r e a t to the e n v i r o n m e n t which ex-
ists by vi r tue of c u r r e n t r adwas te disposal prac t ices . 

M o r e specifically, t he p r e s e n t invent ion provides fil-
t ra t ion a p p a r a t u s which is par t icular ly sui ted fo r use in 
removing radioact ive par t ic les f r o m the cool ing a n d 
auxiliary p rocess f luids of a nuc lea r r e a c t o r or f r o m ra-
dioact ive f luid s t r eams in o the r instal lat ions. T h e a p p a -
ra tus compr i ses a hous ing , a f i l ter ca r t r idge assembly 
removab ly m o u n t e d within t h e hous ing , and valve 
m e a n s normal ly closing the lower e n d of t h e hous ing 
but ope rab l e when o p e n to a f f o r d axial m o v e m e n t of 
t he filter ca r t r idge assembly t h e r e t h r o u g h dur ing 
changing of the fil ter ca r t r idge assembly. T h e f i l ter ing 
appa ra tu s is shielded by a c o n c r e t e s t ruc tu re , and an 5 Q 

opera t ing rod assembly is p rov ided t o c o n n e c t a n d dis-
c o n n e c t t h e filter ca r t r idge assembly t o t h e hous ing 
f r o m a r e m o t e locat ion a b o v e t h e hous ing . T h e ope ra t -
ing rod assembly pe rmi t s t he f i l ter ca r t r idge assembly 
to be lowered axially t h r o u g h the o p e n valve and into 5 5 

an upward ly -open sh ipping cask l o c a t e d be low t h e 
valve in an access t unne l in the shielding. A f t e r t he fil-
ter ca r t r idge assembly is safely loaded in to t h e sh ipping 
cask, it is d i sconnec ted f r o m the o p e r a t i n g rod u p o n 
c o m b i n e d d o w n w a r d a n d ro ta ry m o v e m e n t t he reo f . 
A f t e r t he shipping cask conta in ing t h e rad ioac t ive filter 
car t r idge is r e m o v e d , a n e w filter ca r t r i dge assembly is 
c o n n e c t e d to the b o t t o m of the o p e r a t i n g rod , and the 
rod is l if ted axially u p w a r d to insert t he n e w fi l ter ca r -
t r idge assembly into t h e hous ing and t o c o n n e c t t h e 6 5 

same in o p e r a t i n g re la t ion there in . 

T h e s e a n d o the r ob jec t s , f ea tu res a n d advan tages of 
the p re sen t invent ion shou ld b e c o m e a p p a r e n t f r o m t h e 
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fo l lowing 'desc r ip t ion when t aken in con junc t ion with 
the a c c o m p a n y i n g drawings in which: 

FIG. 1 is an end elevat ion view with por t ions b r o k e n 
away of f i l t rat ion appa ra tu s embody ing ihe p resen t in-
vent ion; 

FIG. 2 is a side e levat ion view in reduced scale of the 
appa ra tu s of FIG. 1; 

FIG. 3 is a greatly en la rged and vertically fo reshor t -
ened longitudinal sect ional view of a por t ion of the ap-
pa ra tus i l lustrated in FIG. 1 in o n e opera t ing posi t ion; 

FIG. 4 is an enlarged sect ional view t aken a long lines 
4 — 4 of FIG. 3; and 

FIG. 5 is an enlarged sect ional view illustrating a por 
t ion of the appa ra tus of FIG. 3 in a d i f fe ren t opera t ing 
posi t ion. 

Refe r r ing n o w t o the drawings, the re is i l lustrated in 
FIG. 1 f i l ter ing appa ra tus 10 embodying the p resen t in-
vent ion . As may be seen there in , the appa ra tus 10 c o m -
prises an ups tand ing hollow cylindrical housing 11 hav-
ing an inlet 12 and an out le t 13. T h e inlet 12 and out le t 
13 a re c o n n e c t e d by pipes 12a and 13a, respect ively , 
to the coo lan t o r auxiliary process system piping of a 
nuc lea r r e a c t o r or o the r source of radioact ivi ty (no t 
shown) where in a cool ing o r p rocess f luid is f lowed 
t h e r e a r o u n d to r e m o v e hea t a n d / o r o therwise to con-
t rol var ious opera t ing p a r a m e t e r s of the same. As no t ed 
h e r e t o f o r e , pa r t i cu la te ma t t e r en t ra ined in the cool ing 
and /o r p roces s f luid t ends t o b e c o m e radioact ive as it 
f lows a r o u n d the source of radioact ivi ty . 

In o r d e r to cap tu re par t i cu la te ma t t e r as it f lows 
th rough the fil ter housing, a fi l ter car t r idge assembly 14 
is m o u n t e d in the housing and is capab le of being re-
m o v e d and rep laced a f t e r a pe r iod of ope ra t i on . Since 
the filter car t r idge assembly is likely to con ta in a signif-
icant a m o u n t of rad ioac t ive par t ic les , it is impor tan t 
f r o m a rad ia t ion s t andpo in t fo r the f i l ter car t r idge as-
sembly 14 to b e c h a n g e d in a m a n n e r which minimizes 
t h e exposu re of opera t ing personne l to the radia t ion 
emi t t ed the reby . In addi t ion , it is impor t an t fo r t he fil-
t e r ca r t r idge assembly 14 to b e u n d e r posit ive cont ro l 
of t he ope ra t ing pe r sonne l dur ing t h e changing p rocess 
in o r d e r to p reven t t h e inadver ten t re lease of rad ioac-
tive mater ia l to the sur roundings . 

In a c c o r d a n c e with the p resen t invent ion, the appa ra -
tus 10 a f fo rds changing of the filter car t r idge assembly 
14 by a w o r k m a n s tanding at a safe locat ion r e m o t e 
f r o m the housing 11. T o this end , t he hous ing 11 has a 
c losed u p p e r end 11a with an ap e r tu r e 35<z there in and 
an o p e n lower end 1 lb. A valve 16 is c o n n e c t e d to t h e 
lower end 11 b of t h e housing 11 by m e a n s of a so-cal led 
d u t c h m a n connec t i on 18. This type of connec t i on af-
fo rds r emova l of t he valve 16 f r o m be low fo r ma in te -
n a n c e pu rpose s by providing va lve-mount ing bol t c ircle 
ou tward ly of t he valve body so tha t t he bolts may be 
loosened f r o m below. W h e n c losed, t h e valve 16 p ro -
vides a f luid-t ight c losure fo r t he b o t t o m of the hous ing 
11; howeve r , w h e n o p e n , t he valve 16 permi t s the f i l ter 
ca r t r idge assembly 14 to be raised and lowered there-
t h r o u g h by m e a n s of an e longa ted opera t ing rod assem-
bly 2 1 c o n n e c t e d t o t h e filter car t r idge assembly 14. 

In o r d e r t o safely rece ive fi l ter car t r idge assembly 14, 
an upward ly -open shipping cask 2 0 is d isposed be low 
t h e valve 16 be fo re t h e rad ioac t ive filter ca r t r idge as-
sembly 14 is lowered . Howeve r , in o r d e r to p r o t e c t op-
era t ing pe r sonne l f r o m exposure to radioact ivi ty dur ing 
chang ing of t h e f i l ter , t h e hous ing 11 and the valve 16 
a r e s u r r o u n d e d by a c o n c r e t e shield s t ruc tu re 24 . T h e 
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apparatus 10 is supported inside the shield structure 24 hoist to provide load indication and overload protcc-
by a mounting plate 17 to which the lower end 1 lb of tion for preventing excessive upward force from being 
the housing 11 is at tached. applied to the operating assembly 21 during installation 

As best seen in FIG. 2, the filtering apparatus 10 is of a new filter cartridge assembly 14 in the housing 11. 
associated with a series of like apparatus disposed in a 5 With this structure, the filter cartridge assembly 14 
battery or row, and the shielding structure 24 has an ac- may be raised into operating relation inside the housing 
cess tunnel 25 (FIG. 1) which is located below the 11 by a workman standing on a walkway on top of the 
valve 16 and which underlies the row of filters 10,10. concrete shielding 24. 
A pair of tracks 26,26 are provided in the tunnel 25 for The filter cartridge assembly 14 is rclcasably con-
guiding a dolly 27 in a path below the row of filters. 10 nected to the operating assembly 21 in a manner which 
With this structure, the shipping cask 20 may be sup- permits disengagement of the filter cartridge assembly 
ported on the dolly 27 and rolled into position below 14 from the operating assembly 21 after the filter car-
thc desired filter to dispose the cask 20 in registry with tridgc assembly 14 is safely loaded into the cask 20. For 
the valve 16 for receiving the filter cartridge assembly this purpose, the operating rod assembly 21 has a lower 
14. After the filter cartridge assembly is loaded into the 15 portion 21 b which depends into the interior of the 
cask 20, the dolly 27 is removed from the tunnel 25, housing 11 and which is connected to the filter car-
and a lid 22 installed on the shipping cask 20 to permit tridgc assembly 14 by a locking mechanism which af-
thc filter cartridge assembly 14 to be shipped safely in fords disconnection upon a combined downward axial 
the cask 20 to a disposal location. In the illustrated cm- and rotary movement of the operating rod assembly 21. 
bodiment, the dolly 27 is advanced on the tracks 26,26 20 ] n the present instance, the locking mechanism in-
by a chain or cable 23 connected to a winch (not eludes cooperating lugs and shoulders 30 and 31, re-
shown) and a conventional indicator mechanism may spcctivcly, on the bottom of the lower portion 21 b of 
be utilized in conjunction with the chain 23 or winch the operating rod assembly 21 and the filter cartridge 
to provide an indication of the position o f t h e dolly 27 assembly 14, respectively. A coil spring 32 is inter-
in the tunnel 25 to ensure proper registry of the ship- 25 posed between the upper surface of the shoulder 31 
ping cask 20 with respect to the valve 16. It is noted and a retainer 33 carried by the lower portion 21 b of 
that the winch mechanism (not shown) is located out- the operating rod assembly 21. The lugs and shoulders 
side of the tunnel 25. Thus, safe access to the winch is 30 and 31 arc shaped to engage one another and to pre-
provided at a location remote from the radioactive fil- vent rotation relative to one another when the operat-
ter cartridge assembly 14 (inside the cask 20 on the ing rod assembly is disposed in the full line configura-
dolly 27) in the event the winch mechanism should fail tion illustrated in FIG. 3 and to disengage one another 
with the cask 20 out of reach of the transport system when the lower portion 21 b is depressed and rotated 
(not shown). As a result, repair work on the winch may 90° about its axis. The spring 32 ensures mating en-
be performed while the cask 20 and its radioactive con- gagement of the lugs and shoulders 30 and 31 with one 
tents arc still safely located in the tunnel. ^5 another to prevent the filter cartridge assembly 14 from 

After the particle-laden filter cartridge assembly 14 being inadvertently disconnected while being raised 
is removed, and the dolly 27 is removed from the tun- and lowered. Of coursc, after the filter cartridge asscm-
nel 25, it is necessary for a workman to enter the tunnel bly 14 is placed into the shipping cask 20, simple down-
25 to connect a new filter cartridge assembly 14 to the ward and rotary movement of the operating rod assem-
bottom of the operating rod assembly 21. In order to 4(1 bly 21 is sufficient to disconnect the filter assembly 14. 
protect the workman from radiation streaming down- The filter cartridge assembly 14 is securely mounted 
wardly from other filters in the row which may be on inside the housing 11 but is capable of being dis-
stream, a radiation shield 30 is slidably mounted in the mounted readily therefrom by a workman at the above-
top of the tunnel 25 for movement transversely to the noted remote location. To this end, the housing 11 has 
path of movement of the filter cartridge assembly 14. 4 5 a transverse end wall 35 which closes its upper end 11 a, 
The shield is movable from the full-line position illus- and the lower portion 21 b of the operating rod assem-
trated in FIG. 1 during filter changing to the broken bly 21 has an upstanding post 36 which projects up-
line position illustrated therein when the filter is opera- wardly through a central aperture 35a in the end wall 
tional. The shield 30 is preferably fabricated of steel of 35 of the housing 11. The post 36 has a radially-
sufficient thickness as to reduce the intensity of radia- ' extending peripheral shoulder or flange 36a which en-
tion streaming downwardly into the tunnel 25 so that gages the underside of the end wall 35 around the aper-
a workman may walk back and forth in the tunnel 25 ture 35a, and the post 36 has external threads outside 
under the filters with a minium of exposure to danger- of the end wall 35a. A nut 37 threadedly engages the 
ous levels of radioactivity. post 36 and is operable upon rotation in one direction 

In order to mount the filter cartridge assembly 14 in " to draw the shoulder 36a upwardly against an O-ring 
the housing 1 1 and to dismount the same therefrom, seal 38 to close the aperture 35a and provide a fluid-
access to the upper end 11a of the housing 11 is pro- tight closure for the upper end of the housing 11. Of 
vided in the concrete shield 24 by a vertically-disposed course, rotation of the nut 37 in the opposite direction 
opening 28 through which the filter cartridge assembly 6 ( ) disconnects the post 36 therefrom, thereby permitting 
operating rod assembly 21 projects. The rod assembly the filter cartridge assembly 14 to be lowered by means 
21 includes an elongated upstanding upper portion 21a of the operating rod assembly 21. 

which is displaccablc axialiy in the opening 28 and In order to rotate the nut 37 in opposite directions, 
which is provided at its upper end with a bail 21 ' en- a socket wrench 40 is provided. The socket wrench 40 
gageable by a hoist (not shown) for raising and lower- 6 5 has a socket 40a and an upwardly-projecting torque-
ing the operating assembly and filter cartridge assembly " tube or extension 40b which terminates at its upper end 
14 connected therewith. If desired, a spring scale (not in an enlarged flange 42 with wrench flats 43 adjacent 
shown) may be connected between the bail 21 ' and the thereto. The flange 42 functions as a streaming collar 
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to prevent radiation f rom streaming through the open-
ing 28. The inside of the socket 40a is provided with a 
shoulder 4 0 ' which is so located with respect to the 
post 36 as to be engaged by the nut 37 when rotated 
away f rom the end wall 35 of the housing 11 before 
being completely disengaged f rom the threads on the 
post 36. Thus, the weight of the socket wrench 40 ap-
plies a slight positive downward pressure to the nut 37 
to assist in thread re-engagement between the post 36 
and the nut 37 during installation of the new filter car-
tridge assembly 14. This s t ructure ensures threaded en-
gagement of the nut 37 with the post 36 af ter the filter 
assembly 14 is mounted in the housing 11. It is noted 
that the end wall 35 of the housing 11 has a boss 35b 
which engages in an annular recess 4 1 in the bot tom of 
the socket 40a, and the shoulder 4 0 ' is also so located 
with respect to the boss 35b and the annular recess 41 
as to prevent disengagement thereof with the nut 37 
completely disengaged f rom the post 36 . This s t ructure 
funct ions to maintain the socket wrench 40, nut 37, 
and operat ing rod assembly 21 in p roper registry with 
the aper ture 35a in the end wall 35 of the housing 11 
during raising and lowering of the operat ing rod assem-
bly 21 and filter cartridge assembly 14 through the 
housing 11. It also prevents the external threads on the 
post 36 and the outside surfaces of the operating rod 
assembly 21 f rom contact ing and possibly scoring or 
otherwise damaging the O-ring 38 seat in the aper ture 
35a in the end wall 3 5 of the housing 11. 

The filter apparatus 10 of the present invention is ef-
ficient in operat ion. To this end, a parti t ion 45 extends 
horizontally across the housing 11 and divides the inte-
rior of the housing 11 into an inlet chamber 46 and an 
outlet chamber 47 therebelow. The partition 4 5 has a 
central por t 45a, and the filter cartr idge assembly 14 
has an inlet 14a in registry with the por t 45a. In the il-
lustrated embodiment , the inlet of the filter cartr idge 
assembly 14 is provided by a perfora ted funnel-shaped 
recessed wall 14a which depends f rom the port 45a into 
the interior of the filter cartr idge assembly 14. The bot-
tom of the filter cartridge assembly 14 has an imperfor-
ate end wall 14b and a tubular filter medium 14c which 
extends between the inlet wall 14a and the bot tom wall 
14b. Thus, particle-laden fluid flows downwardly 
through the port 45a and into the interior of the filter 
cartridge assembly 14 before exiting laterally through 
the filter medium 14c into the outlet chamber 47. As 
a result, part iculate mat te r is t rapped within the inte-
rior of the filter cartridge assembly 14 and is safely con-
tained therein during changing. It is noted that an annu-
lar neck 45b depends f r o m the partition 45 around the 
port 45a, and the recessed inlet 14a of the filter car-
tridge assembly 14 has an annular groove 49a which 
mounts an O-ring gasket 49b which engages the outside 
of the neck 45b to provide a fluid-tight joint therebe-
tween to ensure that the flow of particle-laden fluid 
downwardly into the inlet 14a of the filter cartridge as-
sembly 14 does not bypass the filter medium 14c. The 
O-ring gasket 49b is cap tured in the groove 49a and is, 
therefore , disposable along with the filter cartridge as-
sembly 14. The seal a round the periphery of the neck 
permits sealing the fluid-tight joint between the neck 
and the filter assembly 14 while simultaneously sealing 
the O-ring 38 on the post 36 against the seat in the ap-
erture 35a in the end wall 35 of the housing 11 as the 
filter cartr idge assembly 14 is drawn upwardly tightly 
into position below the partition 45. This s t ructure 
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avoids adherence to close machining tolerences to in-
sure simultaneous seating. Because the filter cartridge 
inlet 14a is recessed downwardly, the effective height 
of the filter cartridge is increased since the overall 

5 height of the filter cartridge is limited by the height of 
the shipping cask 20. This increased effective height of 
the filter cartridge extends the cartridge life permitting 
it to collect additional part iculate thereby enabling 
larger accumulat ions of radwaste to be disposed of in 

10 each cask which results in a fur ther reduction of the 
total volume of radwaste to be transported and buried. 

In order to guide the inlet 14a of the filter cartridge 
assembly 14 into proper registry with the port 45a dur-
ing reinsertion of a new filter cartridge assembly 14 

15 into the housing 11, guide means in the form of a plu-
rality of radially extending vanes 50,50 are provided on 
the lower port ion 21b of the operating rod assembly 21. 
Each vane has an edge 50a which tapers outwardly and 
downwardly f rom a location adjacent the post 36. The 

20 edge 50a is adapted to engage the neck 45b around the 
port 45a to align the inlet 14a of the filter cartridge as-
sembly 14 with the port 45a during movement of the 
filter cartr idge assembly 14 upwardly in the housing 11. 
Of course, the vanes 50,50 also opera te to streamline 

25 the flow of fluid downwardly through the port 45a and 
into the inlet 14a of the filter cartridge assembly 14, 
and they cooperate with the neck 456 to prevent lateral 
movement of the filter cartridge assembly during oper-
ation. 

In order to require only one operating rod assembly 
to change cartridges in each of the filter assemblies in 
the row of filters, the upper portion 21a of the operat-
ing rod assembly 2 1 is releasably connected to the 
lower port ion 21 b. To this end, the operating rod as-
sembly 2 1 comprises an upstanding hollow elongated 
tube 60 which is located interiorily of the socket 
wrench 4 0 and which receives an elongated rod 61 
therewithin. The lower end of the tube 60 carries a 
gripping assembly 62 which is operable upon down-

4 0 ward displacement of the rod 61 to grip the top of the 
post 36 for coupling the tube 60 therewith. In the illus-
trated embodiment , the lower end of the tube 60 has a 
wall 60a with a plurality of internal flats adapted to en-
gage a like plurality of external flats on the outside of 
the upper end of the post 36 to prevent rotation of the 
tube 60 relative to the post 36. The lower end of the 
tube 6 0 has another wall 60b adapted to be received in 
a recess 36b in the top of the post 36. The inner wall 

5 Q 60b of the tube 60 has a plurality of tapered apertures 
which mount a like plurality of movable balls 65,65. 
The balls 65 ,65 are cammed outwardly into a detent 
36 ' in the recess 36b by a tapered shoulder 61a on the 
rod 61. With this s tructure, displacement of the rod 61 
downwardly into the position shown in FIG. 3 causes 
the balls 65 ,65 to be cammed outwardly into the detent 
36 ' to span across the space between the inner wall 60b 
of the tube 60 and the post 36 to couple the same to-
gether. When the rod 61 is in this position, a locking 

6 0 pin 67 is inserted in aligned transverse bores in the 
upper end of the rod 61 and the tube 60 to connect the 
rod and tube together to maintain the balls 65,65 en-
gaged in the detent 36 ' and to rigidly couple the filter 
cartr idge assembly 14 to the operating rod assembly 21 
so that the filter cartr idge assembly 14 may be raised 
and lowered upon axial movement of the operating as-
sembly 21. Of course, the lower end of the rod 61 is 
provided with a recess 6 1 b which is adapted to contain 
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the balls 65,65 when the pin 67 is removed and the rod 
61 moved upwardly for uncoupling the operating as-
sembly 21 from the filter cartridge assembly 14. A plate 
66 is fastened to the bot tom of the rod 61 and engages 
the bottom of the inner wall 60b of the tube 60 to limit 5 
upward movement of the rod 61 relative to the tube 60. 
Moreover, it is noted that the flats on the tube 60 and 
the post 36 cooperate to prevent rotation of the post 36 
relative to the tube 60 when a workman applies a 
counter torque between the tube 60 and the wrench 10 
flats 43 on the socket wrench 40 to rotate the nut 37 
in opposite directions. 

In the present invention, the valve means 16 prefera-
bly includes a conventional ball-type valve having a 
through bore sized to permit the passage of the filter 15 
cartridge assembly 14 therethrough. Such a ball valve 
normally has an upper and a lower seat which provides 
a double seal against leakage f rom the housing 11 when 
the valve is closed. However, in order to detect wear of 
the upper seat, it is desirable for a telltale drain 70 20 
(FIG. 1) to be connected to the valve 16 intermediate 
the seats. Moreover, it is desirable for another drain 71 
to be connected between the bottom of the housing 11 
and the upper seat of the ball valve 16 to cooperate 
with an air vent 73 in the inlet pipe 12a to permit the 25 
housing 11 to be drained substantially completely be-
fore the ball valve 16 is opened to change the filter car-
tridge assembly 14. Preferably, the operator 16a for the 
ball valve 16 extends through the concrete shielding 24 
to protect operating personnel f rom excessive radiation 30 
exposure when opening and closing the valve 16. To 
prevent inadvertent opening of the ball valve 16 when 
the filtering apparatus 10 is on-stream, the operator 
16a is disconnected from the ball valve 16 and suitable 
safety interlock devices (not shown) may be provided 
to prevent inadvertent opening. 

The valve 16 is normally closed to cause fluid carry-
ing radioactive particles to enter the housing 11 
through the inlet 12 and to exit the housing through the 
outlet 13. Since a small amount of fluid may remain in 4 0 

the bottom of the housing 11 after being drained, and 
since the fluid is likely to contain radioactive particles, 
it is desirable for the fluid and particles to be discarded 
in a safe manner along with the filter cartridge assem-
bly 14. For this purpose, a tubular extension 75 de-
pends f rom the bottom of the ball valve 16 and termi-
nates above the shield 30 in the top of the tunnel 25. 
A bag 76 is releasably fastened to the extension 75 by 
means of a garter 77 which engages the outer periphery ^ 
of the extension 75. The bottom of the bag 76 extends 
across the open lower end of the tubular extension 75 
and another garter 78 is provided near the bottom of 
the bag 76 to permit the bag to be mounted in the col-
lapsed configuation illustrated in broken lines in FIG. 5 5 

1 with its bottom extending across the bottom of the tu-
bular extension 75. Preferably, the bag is constructed 
of a waterproof material and it may contain a fluid ab-
sorbent material. Thus, when the valve 16 is opened, 
any fluid remaining in the bottom of the housing 11 6 Q 

drains downwardly into the bag 76 and is absorbed by 
the absorbent material therein. When the filter car-
tridge assembly 14 is lowered through the tubular ex-
tension 75, the bottom of the filter cartridge assembly 
14 pulls the bag 76 f rom the extension 75. The lower ^ 
garter 78 constricts around the lower portion of the fil-
ter cartridge assembly 14, and the upper garter 77 con-
stricts around the upper portion of the filter cartridge 
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assembly 14 upon continued downward movement of 
the filter cartridge assembly 14. By virtue of this struc-
ture, all of the radioactive fluid and particles contained 
in the housing 11 are discharged along with the filter 
cartridge assembly 14 into the shipping cask 20. 

In use, a new filter cartridge assembly 14 is at tached 
to the bottom of the operating rod assembly 21 by a 
workman in the tunnel 25. The operating assembly 21 
and the filter cartridge assembly 14 are then raised ver-
tically until the filter cartridge assembly 14 is properly 
secured inside the housing 11, as noted heretofore. A 
new bag 76 is mounted on the valve extension 75, and 
the shield gate 30 is closed. The valve 16 is then closed 
and the nut 37 is engaged with the threads on the post 
36 and tightened using the socket wrench 40 to seat the 
O-ring 38 against its seat in the aperture 35a in the top 
end wall 35 of the housing 11. The upper portion 21a 
of the operating rod assembly 21, and the socket 
wrench 40 may then be removed from the access open-
ing 28, and a shielded tooling plug (not shown) may be 
installed into the opening 28. After closing the valve in 
the drain line 71 and the valve in vent line 73, the filter 
apparatus may be placed back on stream by opening 
the valve in the outlet line 13a, venting entrained air 
through the valve in the vent line 73, then opening.the 
valve in the inlet line 12a. 

To change the filter cartridge assembly 14, this pro-
cedure is essentially reversed; however, the shipping 
cask 20 is located directly below the valve 16 and hous-
ing 11 in the tunnel 25 for receiving the filter cartridge 
assembly 14 when dismounted f rom the housing and 
lowered downwardly. After the filter cartridge assem-
bly 14 is uncoupled from the operating rod assembly, 
as noted above, the operating rod assembly 21 is raised 
a sufficient distance to permit the dolly 27 and shipping 
cask 20 to be moved out of the tunnel so that the lid 22 
may be placed thereon, as illustrated in FIG. 2. The 
cask 20 and filter cartridge assembly 14 stowed therein 
may then be safely transferred to another location to be 
prepared for shipment and burial. 

In view of the foregoing, it should be apparent that 
there has now been provided improved apparatus for 
filtering fluids, and particularly a fluid containing radi-
oactive particles such as the cooling fluid of a nuclear 
reactor. The apparatus has a minimum of moving parts; 
it is relatively simple to operate; and most importantly, 
it affords disposal of captured radioactive particles with 
a minimum of exposure of operating personnel to radi-
oactivity. 

Moreover, the apparatus of the present invention 
even permits very fine radioactive particles to be re-
moved f rom the fluid and discarded safely since it is ca-
pable of capturing a large quantity of particles and dis-
posing of the same in a safe manner. 

While a preferred embodiment of the present inven-
tion has been described in detail, various modifications, 
alterations and changes may be made without depart-
ing f rom the spirit and scope of the present invention 
as defined in the appended claims. 

I claim: 
1. Fluid filtration apparatus comprising: 
a filter housing having an end wall with an aperture 

therein and an open end opposite said aperture in 
said wall, 

filtering means adapted to be removably contained 
inside said housing, 
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valve means associated with the open end of said port being in registry with said aper ture in said closed 
housing, said valve means having one operating po- end to afford movement of said operator means 
sition closing said open end of said housing and an- through said parti t ion, said filtering means having a 
other operat ing position affording displacement of central inlet and being mounted in said housing inter-
said filtering means therethrough into and out of 5 media te said partition and said valve means with its 
said housing, inlet in registry with said port in said partition, 

a valve operator connected to said valve means and 6. Appara tus according to claim 5 wherein said filter-
operable f rom a location spaced theref rom to af- ing means includes a tubular filter medium, an imper-
ford actuat ion of said valve means between said op- forate wall disposed transversely to said medium a 
erat ing positions, 10 spaced distance f rom said port, and means providing a 

rigid elongated opera tor means associated with said per fora te wall in registry with said port , so that particu-
filtering means and displaceable through said aper- late mat ter is captured in the interior of said medium 
ture for moving said filtering means into and out of when fluid is flowed through said port and into said fil-
said housing through said valve means, said opera- tering means. 
tor means having a post port ion received Within 15 7. Appara tus according to claim 6 wherein said per -
said aper ture and project ing outwardly of said end fora te wall depends into said tubular filter medium and 
wall when said filtering means is mounted in oper- defines an inlet opening, and said partition has an annu-
ating relation in said housing, lar neck surrounding said port , said neck being re-

means releasably engaging said post outside of said ceived in the inlet opening provided by said perforate 
housing end wall fo r removably mount ing said fil- 20 wall, and including gasket means interposed between 
tering means in said housing, and, said neck and said perfora te wall and groove means in 

means providing a coupling of said filtering means to said perfora te wall mount ing said gasket means for dis-
said opera tor means releasable at a location remote posal with said filtering means. 
f rom said filtering means by movement of said op- 8. Appara tus according to claim 5 including guide 
era tor means, 25 means movable axially with said opera tor means for po-

whereby the filtering means may be removed f rom sitioning said filtering means inlet in registry with said 
the housing f rom a location remote f rom its open port when said opera tor means is displaced to position 
end. said filtering means in said housing, said guide means 

2. Appara tus according to claim 1 wherein said post extending through said port and tapering outwardly of 
is threaded outside of said housing and has shoulder 3 0 said extension and toward said filter means to engage 
means extending across said aper ture inside said hous- the por t and cam the filter means inlet into proper reg-
ing end wall, and said releasable engaging means in- istry therewith. 
eludes nut means engageable: with said threaded post 9. Appara tus according to claim 1 wherein said valve 
and rotatable relative to said post to displace said filter- means includes a ball valve having a flow passage sized 
ing means toward said closed end upon rotation in one 3 5 to permit passage of said filtering means therethrough 
direction, said nut means being disengageable f rom when in said open position. 
said post upon rotat ion in an opposite direction, 10. Appara tus according to claim 1 wherein said 
whereby said opera tor means may be displaced axially valve means includes a ball valve having a flow passage 
through said aper ture and housing and said filtering sized to permit passage of said filtering means there-
means removed f rom said housing upon disengagement 4 0 through when in said open postion. 
of said nut means f rom said post. 11. Appara tus according to claim 2 wherein said op-

3. Appara tus according to claim 2 wherein said oper- erator means includes a tube axially engageable with 
ator means has an extension connec ted to said post in said post outside of said housing, a rod slidable axially 
said housing, and said releasable coupling means in- in said tube, and gripping means associated with said 
eludes cooperat ing locking means carr ied by said ex- rod and tube and operable upon axial displacement of 
tension and said filtering means and operable to couple said rod in opposite directions relative to said tube to 
and uncouple said filtering means to said extension couple and uncouple said post and tube. 
upon combined axial and rotary motion of said exten- 12. Appara tus according to claim 11 including means 
sion relative to: said filtering means. 5 Q surrounding said tube for rotating said nut means, and 

4. Appara tus according to claim 3 wherein said lock- means to prevent rotation of said tube relative to said 
ing means includes lug means on said opera tor exten- post during rotation of said nut means. 
sion and shoulder means on said filtering means, said 13. Appara tus according to claim 12 wherein said ro-
lug means being engageable with said shoulder means tation preventing means includes at least one flat on 
when said operating means is in one rotary position and ^ s a i d tube and a mating flat on said post, and including 
disengageable f rom said shoulder means when said op- means releasably locking said rod in an axial position 
erating means is in another rotary position relative to in said tube with said gripping means engaged with said 
said filtering means, said shoulder means being shaped post. 
to prevent rotation o f said lug means relative there to 14. Appara tus according to claim 12 wherein said nut 
until said opera tor means is displaced axially toward ^q rotating means includes a socket engageable with said 
said filtering means, and resilient means carried by said nut and a torque tube surrounding said opera tor tube, 
operator extension for biasing said shoulder means into and including means on the outside of said housing end 
engagement with said lug means. wall and said socket rotatably engageable with one an-

5. Appara tus according to claim 1 including a parti- other when said socket is engaged with said nut to 
tion extending in said housing transversely to said ends ^ maintain said nut , said post and said operator tube in 
for dividing said housing into an inlet chamber and an registry with the aper ture in said end wall when said nut 
outlet chamber , said part i t ion having a port providing is disengaged f rom said post during changing of said fil-
fluid communica t ion between said chambers with said tering means. 
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15. Apparatus according to claim 14 wherein said ro-

tatable engaging means on said housing and socket in-
cludes a boss surrounding said aperture in said housing 
end wall and a recess in said socket engageable with 
said boss, said socket being dimensioned axially re la- 5 
tive to said post and said nut to afford disengagement 
of said nut from said post without causing disengage-
ment of said boss from said socket recess when said nut 
is rotated away f rom said housing and to apply positive 
downward force on said nut to cause threads on said 10 
nut to engage threads on said post during installation of 
said filtering means without causing disengagement of 
said boss from said socket recess when said shoulder on 
said post is raised into engagement with underside of 
said aperture in said end wall in said housing. 15 

16. Apparatus according to claim 10 including means 
connected between said closest valve seat and said 
housing to provide a drain for said housing. 

17. Fluid filtration apparatus, comprising: 
a filter housing having an end wall with an aperture 20 

therein and an open end opposite said aperture in 
said wall, 

filtering means adapted to be removably contained 
inside said housing, 

valve means associated with the open end of said 25 
housing, said valve means having one operating po-
sition closing said open end of said housing and an-
other operating position affording displacement of 
said filtering means therethrough into and out of 
said housing, 30 

means providing radiation shielding around said 
housing and valve means and a tunnel in said 
shielding extending laterally of said valve means in 
registry therewith, 

operator means having one end protruding out of 35 
said shielding and another end associated with said 
filtering means, said operator means being dis-
placeable axially through said aper ture for moving 
said filtering means into and out of said housing 
through said valve means, 40 

means providing a receptacle in said tunnel for re-
ceiving said filtering means, 

means coupling said filtering means to said operator 
means in a manner affording uncoupling when said 
filtering means is located in said receptacle, and 

means for moving the receptacle into and out of reg-
istry with said valve means, 

whereby the filtering means may be removed from 
the housing and placed into the receptacle from a 
location remote f rom the housing and the recepta-
cle to minimize radiation exposure to operating 
personnel. 

18. Apparatus according to claim 17 including means 
providing a tubular extension with an open end de-
pending f rom said valve means to afford passage of said 
filtering means therethrough, a bag mounted on said 
extension with the bottom of said bag extending across 
said open end of said extension for engaging the bottom 
of said filtering means when said operator means is dis-
placed downwardly through said housing, and means 
for releasably mounting said bag to said valve extension 
and constricting the top of the bag around at least a 
portion of said filtering means during its ejection from 
said valve means extension, whereby undrained fluid 
remaining in the housing is discarded along with the fil-
tering means. 

19. Apparatus according to claim 17 including means 
providing a movable radiation shield in the top of said 
tunnel means below the lower end of said valve means 
and means mounting said radiation shield for move-
ment transversely to the path of movement of said op-
erator means, said moveable shield having a closed po-
sition extending across said path and an open position 
alongside said path, so that the movable radiation 
shield absorbs radiation directed downwardly into said 
tunnel when radioactive fluid flows through the hous-
ing, whereby exposure to radiation of workmen in the 
tunnel is minimized. 
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