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The waste ac cu mu lated in the past at the Nu clear Power Plant Le nin grad has to be
sorted and packed in an op ti mal way. In the area of waste treat ment and man age -
ment, the com plete ness and qual ity of di rect mon i tor ing are of the out most im por -
tance for the va lid ity of, and con fi dence in, both prac ti ca ble waste man age ment op -
tions and cal cu la tions of ra dio log i cal im pacts. Spe cial mon i tor ing sys tems are
needed for this pur pose. Con sis tent with the scale of work dur ing the waste treat -
ment pro ce dures and the com plex ity of the plant, data have to be col lected from char -
ac ter is tic parts in var i ous treat ment stages. To com bine all the in for ma tion, a track -
ing pro ce dure is needed dur ing the waste treat ment pro cess to char ac ter ize the waste
for in terim and/or fi nal dis posal. RWE NUKEM GmbH has de vel oped spe cial cus -
tomer-tai lored sys tems which ful fil the spec i fi ca tions re quired by plant op er a tion
and by the au thor i ties.
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IN TRO DUC TION

The waste ac cu mu lated in the past at the Nu -
clear Power Plant Le nin grad has to be sorted and
packed in an op ti mal way. Dif fer ent waste cat e go -
ries were stored at the plant dur ing a long pe riod of
time, with out tak ing into con sid er ation dif fer ent
dis posal pos si bil i ties, in clud ing sort ing and treat -
ment pro ce dures. In the area of waste treat ment and 
man age ment, the com plete ness and qual ity of di -
rect mon i tor ing are of the out most im por tance for
the va lid ity of, and con fi dence in, both prac ti ca ble
waste man age ment op tions and cal cu la tions of ra -
dio log i cal im pacts. Spe cial mon i tor ing sys tems are
needed for this pur pose. The main data which must
be eval u ated are the dose rate at the sur face of the

waste pack age and at a dis tance of 1 m, as well as the
ra dio log i cal in ven tory and mass.

Fur ther more, the col lected data have to be
readily avail able for fur ther use in quan ti ta tive eval -
u a tions and eas ily ac ces si ble for anal y sis. Con sis tent
with the scale of work dur ing the waste treat ment
pro ce dures and the com plex ity of the plant, data
have to be col lected from char ac ter is tic parts in var i -
ous treat ment stages. To com bine all the in for ma -
tion, a track ing pro ce dure is needed dur ing the
waste treat ment pro cess to char ac ter ize the waste
for in terim and/or fi nal dis posal. RWE NUKEM
GmbH has de vel oped spe cial cus tomer-tai lored sys -
tems which ful fil the spec i fi ca tions re quired by
plant op er a tion and by the au thor i ties.

SORT ING PRO CE DURE AND
FI NAL CHAR AC TERI SA TION

Due to their ap pli ca tion at the Waste Man -
age ment Cen tre of NNP Le nin grad, two mon i tor -
ing sys tems play a spe cial role. The waste in the
plant has to be sorted in cat e go ries I and II, given
in tab. 1. This is done through a com bi na tion of
the Gamma cam era RAYMOS and dose rate mea -
sure ment sys tems. Af ter the sort ing pro cess is fin -
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ished and the waste in cin er ated and/or com pacted, 
it is placed in 200 l drums, its fi nal pack ag ing. The
fi nal waste char ac teri sa tion is made by a Drum
Mon i tor ing Sys tem for gamma ray mea sure ment,
DMS. All the data nec es sary for the dec la ra tion re -
quested by the au thor i ties are mea sured and eval u -
ated with this RWE NUKEM mon i tor ing sys tem.
The fi nal re sults are given in pur pose-made data
sheets.

The said pro ce dure is a re mote con trolled, ra -
dio log i cal sort ing pro ce dure, in which the waste of
cat e go ries I and II are sep a rated from each other.

The solid waste of cat e gory I is first cut and
then sent to the sort ing fa cil ity where it is sep a rated
into fol low ing cat e go ries:

- combustible solid waste, and
- compactable solid waste.

The drum mon i tor ing sys tem is used for the
mea sure ment of drums filled with ra dio ac tive waste,
for data eval u a tion and for the prep a ra tion of out go -
ing data sheets with mea sure ment re sults. Af ter this
fi nal mea sure ment, the drums are de liv ered to  the
cus tomer to be trans ported to the stor age fa cil ity.

SPE CIFIC MON I TOR ING SYS TEMS

Gamma cam era RAYMOS

RWE NUKEM GmbH has de vel oped the
Gamma cam era RAYMOS [1-5] for waste
pre-char ac ter iza tion (quan tity and dis tri bu tion of
ac tiv ity) or for check ing the fill ing pro ce dure, i. e.
waste sort ing, in this case into cat e go ries I and II.
The cam era is a com puter con trolled de vice as -
signed for im ag ing gamma emit ters to gether with
an op ti cal im age. It is used for search ing and iden -
ti fy ing ra dio ac tive sources and mea sur ing con tam -
i na tion pro files at dis tances be tween 0.5 -100 m.

The RAYMOS mon i tor ing sys tem, fig. 1, is
based on ex ten sive re search by RWE NUKEM and
RECOM and mea sure ments re al ized in a re al is tic
en vi ron ment. The con tin u ous op ti mi sa tion of the
pa ram e ters and se lected com po nents led to an im -
proved sys tem with in creased sen si tiv ity and an gle
res o lu tion. The cam era is a com puter con trolled de -
vice de signed for im ag ing in hard X-ray and soft
gamma ray en ergy re gions.

For its ap pli ca tion in waste treat ment, RWE
NUKEM has im proved the sys tem for nu clide iden -
ti fi ca tion, es pe cially for hot spot anal y sis.

The im ag ing is based on the use of a con i cal
collimator, a scin til la tion plate, an im age in ten si fier
as a de tec tor, a CCD ma trix as a read out de vice, and
spe cial dig i tal pro cess ing to sub tract the back -
ground and re duce the noise.

De scrip tion of the sys tem

The im ag ing sys tem is a com bi na tion of a
collimator, a scin til la tion plate, an im age in ten si fier
and a read out de vice. A spe cial CCD frame for dig i -
tal pro cess ing is used to re duce the back ground by
de creas ing the noise level. In ad di tion, RAYMOS
in cludes a video-cam era, a scan ning unit, an in te -
grated com puter, and an ex ter nal com puter.

The pin hole cam era prin ci ple is ap plied for the 
im ag ing pro cess in te grated into the mea sur ing
head. The gamma source is local ised by su per im -
pos ing gamma and video im ages. The in te grated
com puter con trols all im ag ing com po nents of the
sys tem, as well as the data pro cess ing. The ex ter nal
com puter con trols the over all sys tem, thus al low ing 
for the cam era to be op er ated by re mote con trol.

As an op tion, the cam era is equipped with NaI 
or CdZnTe gamma spec trom e ters, la ser dis tance
me ters, and dose rate me ters, de pend ing on the re -
quired ap pli ca tion.

The im ag ing in the mea sur ing head is based
on the pin hole cam era prin ci ple. The two cone
collimator pro duces an over turned X-ray or gamma
im age of the ob ject on the plane of the scin til lat ing
plate. Dif fer ent im age in ten si fier sys tems (static
tubes, MCP tubes) have been tested. The CCD ma -
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Ta ble 1. Spec i fi ca tion of waste cat e go ries I and II

Waste of cat e gory I Waste of category II

Specific
b-/g-activity

up to 3.7×106 Bq/kg 3.7× 106 to 3.7×109 Bq/kg

Dose rate in
10 cm from 
surface

0.3 to 300 mSv/h 0.3 to 10 mSv/h

Fig ure 1. Gamma cam era RAYMOS



trix is de signed to read the op ti cal im age. Lead
shield ing re duces the back ground of gamma ra di a -
tion that reaches the scintillator by pass ing through
the shield ing, i. e. that which does not come from
the ob served ob jects. The video cam era re cords a
sim i lar frame of the ob served ob jects in the vis i ble
spec trum range. Video im ages are used for gamma
source iden ti fi ca tion.This is done by su per im pos ing 
sim i lar gamma and video im ages. Dif fer ent tech -
niques of data pre sen ta tion are pos si ble.

The equip ment with the on-board com puter
is placed in side the body. The on-board com puter is
as signed to con trol all de vice sys tems for  both pre -
lim i nary pro cess ing and the com pres sion of gamma
im ages. The main com puter which can be con -
nected to the on-board com puter via LAN or
WLAN, is used for im age read out, stor age, dis play -
ing, de tailed pro cess ing, and anal y sis of the im ages. 

Fur ther im prove ments

A con i cal collimator was im ple mented into
the orig i nal sys tem. A new de vel op ment in the form 
of a coded mask collimator de signed to reach a
higher sen si tiv ity was also achieved.

The ap pli ca tion of coded ap er tures (CA) in
gamma ray im ag ing sys tems for in dus trial tech ni cal
applications orig i nated, ap prox i mately, in the mid
1990´s, in as tron omy. The ba sic pur pose was to en -
hance the sen si tiv ity of the sys tems, as well as high
an gu lar res o lu tion. The coded mask of gamma ray
im ag ing was suit able for solv ing these prob lems. It
was, also, successfully ap plied in X-ray ex per i ments
with hot plasma. This ap pli ca tion was the ba sis of
the search for new masks of dif fer ent pat terns and
ge om e try. Gamma as tron omy de manded im ag ing
in a range of en ergy higher than that of gamma ra di -
a tion (from 10 MeV up to 100 GeV and above) and
Compton telescopes and other new ap proaches
were ap plied to these prob lems. In the case of the
other ap pli ca tions of the masks, an over all ob jec tive
con cern ing their us age re sulted from in for ma tion
gath ered on the depth of the im age (ra dio ac tiv ity
dis tri bu tion). Thus, in ci den tally, a prob lem arose.
The prob lem is con nected with  non ideal coding of
im ages in the vi cin ity of the source, when the ac ci -
dent an gle of gamma rays on the mask from the
same source is var ied along the mask and the trans -
par ency of the open ings changes ac cord ingly. The
best val ues of the ra tio be tween the un closed and
closed ar eas in the aperture are ob tained de pend ing
on the value of a sig nal in a pixel, the back ground
sig nal, the num ber of pix els in the im age, and the
type of the mask’s pat tern.

The com par i son of the two sys tems shows
that the new de vice lo cates ac tiv ity dis tri bu tion
more com pletely and clearly. The new de vice is not
only lighter,  but also has a faster mea sure ment time. 

The sys tem has the ca pa bil ity of be ing equipped
with its own power sup ply. Wire less trans fer of in -
for ma tion by re mote con trol op er a tion is also pos si -
ble.

Drum mon i tor ing sys tem for gamma ray
mea sure ment 

The drum mon i tor ing sys tem for gamma ray
mea sure ment [2, 6-10] was de vel oped to com pletely 
char ac ter ize the waste drums for in terim and/or fi -
nal dis posal. This also in cludes the de ter mi na tion of 
the waste drum mass and dose rate (at the sur face
and at a dis tance of 1 m); the gamma emit ters are
iden ti fied and their source strengths stated. Fur -
ther more, the max i mum dose rate is marked on the
out side of the drum and an au to matic wipe test is
car ried out in or der to dis cover pos si ble con tam i na -
tion and pro vide ev i dence that sur face con tam i na -
tion lev els are be low the ac cepted lim its. The mea -
sure ment sys tem is con structed in such a way that,
by us ing a few sim ple ad just ments, the sys tem can
be trans ported through nor mal door open ings. 
Mea sure ment de tec tor heads are fit ted in such a way 
that it is pos si ble to deal with cy lin dri cal waste
drums of dif fer ent sizes by sim ple ad just ment of
me chan ics. For mea sur ing cu bic boxes, the me chan -
ics can be adapted with out sig nif i cant changes in the 
lay out. The drum mon i tor ing sys tem is shown in
fig. 2.

The move ment of the me chan i cal com po -
nents is au to matic and con trolled by a PC. The data
of the de tec tor sys tems are reg is tered and eval u ated
in a spec i fied time grid, which al lows a lo cal in ter -
pre ta tion of the gamma flux around the drum. The
op er a tion can be car ried out from a shielded area
and is con trolled us ing menus in the spe cific lan -
guage of the cus tomer’s coun try.
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Fig ure 2. Drum mon i tor ing system



In the anal y sis, the ac tual gamma spec trum is
taken into con sid er ation; in the de ter mi na tion of
the dose rate and for the de ter mi na tion of gamma
ac tiv ity, the ma trix and source po si tion are taken
into con sid er ation.

The ap plied mea sure ment meth od ol ogy al -
lows the use of high per for mance, tested and eco -
nom i cal de tec tor sys tems. These sys tems are in op -
er a tion and long-term ex pe ri ence has proved their
high reproducibility and re li abil ity.

Pro por tional and GM coun ters are se lected as
dose rate mea sur ing de vices; they cover the nec es sary 
de tec tion width from the low est value to 5 Sv/h. The
choice of de tec tors and the mea sure ment re gion are
fixed au to mat i cally. The gamma spec trom e ter cho -
sen for the sys tem con sists of a very pure ger ma nium
de tec tor with a re sponse prob a bil ity of 40%, a
collimator sys tem and cor re spond ing nu clide soft -
ware. The au to matic wipe test is car ried out at spec i -
fied po si tions on the sur face of the waste drum and at 
the lower edge of the waste drum po si tion ing frame.

The move ment of the me chan i cal com po nents
takes place au to mat i cally and is con trolled and mon i -
tored by a PC. The data of the de tec tor sys tems are
reg is tered and eval u ated in a spec i fied time grid. This
means that the re sults of the mea sure ments can be al -
lo cated lo cally. Dur ing the mea sure ment, pre lim i -
nary re sults and sta tus in for ma tion are pre sented
clearly on a video mon i tor. Af ter the mea sure ment, a
pro to col is pro duced and the re sults trans mit ted to
the main com puter of the nu clear power plant.

The num ber of drum rev o lu tions is fixed by the
spe cific re quire ments for ex act ness. Af ter the ref er -
ence mea sure ment, the re sults are ex am ined for
agree ment (re sponse prob a bil ity and en ergy cal i bra -
tion). The test op er a tion al lows for the move ment of
sin gle com po nents and the reg is ter ing of the sin gle
re sults of ev ery mea sur ing de vice at spec i fied time in -
ter vals. This in for ma tion, which is also stored dur ing 
the rou tine mea sure ment op er a tion, can be pre -
sented on the video mon i tor us ing the menu op tion
“pre sen ta tion of sin gle re sults” and is printed out on
the sys tem printer. The op tion “re-anal y sis of data”
al lows the user to ob tain a re newed eval u a tion of the
data with mod i fied pa ram e ters. In the menu “pa ram -
e ter con fig u ra tion” the op er a tion and eval u a tion pa -
ram e ters can be changed so that waste drums which
are new and were not in the ini tial plan ning can be
mea sured.

Special er ror rou tines en sure a per ma nent sur -
veil lance of the me chan i cal set ting and a re li able data
trans fer.

In data anal y sis, the ac tual gamma spec trum is
taken into con sid er ation for the de ter mi na tion of the
dose rate; for the de ter mi na tion of gamma ac tiv ity,
ma trix and source po si tion are taken into con sid er -
ation. The fol low ing source dis tri bu tions can be ana -
lysed:

- ho mo ge neous source dis tri bu tion,
- het er o ge neous dis tri bu tion in ax ial and az i muthal
jjjdi rec tion, in clud ing “hot spots”,
-jdis tri bu tion on the outer sur face of the waste
jjjdrum,
- dis tri bu tion at the cen tre of the lid re gion,
- dis tri bu tion at the cen tre of the base re gion, and
- dis tri bu tion at the waste drum cen tre.

The pa ram e ters of the cal i bra tion curves for
tak ing ac count of the ma trix ef fects and the source
dis tri bu tion are de ter mined in the cal i bra tion mea -
sure ments.

CON CLU SION

The Gamma cam era RAYMOS is an in dus trial 
sys tem for gamma im ag ing and vi su al iza tion. It can
be suc cess fully used in the sort ing pro ce dure for the
char ac teri sa tion of ra dio ac tive waste of those cat e -
go ries which arise in NPP Le nin grad.

The pres ent stage of the de vel op ment of the
Drum Mon i tor ing Sys tem for Gamma Ray Mea -
sure ment shows that com pact equip ment is avail -
able to de ter mine all rel e vant pa ram e ters for char ac -
ter iz ing the waste drums for in terim stor age and
fi nal dis posal, as well as for trans port, and that it is,
there fore, suit able for check ing waste drums.

The pre sented de vices de vel oped by RWE
NUKEM GmbH al low com plete waste char ac teri -
sa tion of ana lysed waste at the Waste Man age ment
Cen tre of NPP Le nin grad.
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SISTEM  ZA  KARAKTERIZACIJU  I  RADIJACIONI  MONITORING
OTPADA  U  CENTRU  ZA  UPRAVQAWE  RADIOAKTIVNIM 

OTPADOM  NE  LEWINGRAD

Radioaktivni otpad u nuklearnoj elektrani Lewingrad treba da bude sortiran i
upakovan na optimalan na~in. U oblasti rukovawa radioaktivnim otpadom direktan monitoring je 
izuzetno pouzdana prakti~na opcija, posebno za prora~un radijacionog uticaja. Specijalni
sistemi mon i tor inga su neophodni pri ovakvim primenama. S obzirom na kompleksnost problema
podaci moraju da se prikupqaju u razli~itim etapama postupka i u razli~itim periodima. Za
kombinovawe svih informacija neophodna je posebna procedura (treking) za vreme obrade,
karakterizacije i definitivnog pakovawa otpada. RWE NUKEM GmbH je realizovao posebne
sisteme prilago|ene zahtevima klijenta koji zadovoqavaju tehni~ke specifikacije elektrana kao
i zahteve regulatornih komisija odre|ene zemqe.

Kqu~ne re~i: rukovawe otpadom, radijacioni monitoring, radijacioni uticaj, gama kamera,
jjjjjjjjjjjjj jjjjjjjjjjjsistem monitoringa radioaktivnih buradi


