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The pur pose of this pa per is to cover hu man re li abil ity anal y sis of the Teh ran re search re ac tor
us ing an ap pro pri ate method for the rep re sen ta tion of hu man fail ure prob a bil i ties. In the
pres ent work, the tech nique for hu man er ror rate pre dic tion and stan dard ized plant anal y sis
risk-hu man re li abil ity meth ods have been uti lized to quan tify dif fer ent cat e go ries of hu man
er rors, ap plied ex ten sively to nu clear power plants. Hu man re li abil ity anal y sis is, in deed, an
in te gral and sig nif i cant part of proba bil is tic safety anal y sis stud ies, with out it proba bil is tic
safety anal y sis would not be a sys tem atic and com plete rep re sen ta tion of ac tual plant risks. In
ad di tion, pos si ble hu man er rors in re search re ac tors con sti tute a sig nif i cant part of the as so ci -
ated risk of such in stal la tions and in clud ing them in a proba bil is tic safety anal y sis for such fa -
cil i ties is a com pli cated is sue. Stan dard ized plant anal y sis risk-hu man can be used to ad dress
these con cerns; it is a well-doc u mented and sys tem atic hu man re li abil ity anal y sis sys tem with
ta bles for hu man per for mance choices pre pared in con sul ta tion with ex perts in the do main.
In this method, per for mance shap ing fac tors are se lected via ta bles, hu man ac tion de pend en -
cies are ac counted for, and the method is well de signed for the in tended use. In this study, in
con sul ta tions with re ac tor op er a tors, hu man er rors are iden ti fied and ad e quate per for mance
shap ing fac tors are as signed to pro duce proper hu man fail ure prob a bil i ties. Our im por tance
anal y sis has re vealed that hu man ac tion con tained in the pos si bil ity of an ex ter nal ob ject fall -
ing on the re ac tor core are the most sig nif i cant hu man er rors con cern ing the Teh ran re search
re ac tor to be con sid ered in re ac tor emer gency op er at ing pro ce dures and op er a tor train ing
pro grams aimed at im prov ing re ac tor safety.

Key words: hu man re li abil ity anal y sis, stan dard ized plant anal y sis risk – hu man method,
Tehran re search re ac tor, proba bil is tic safety analysis

IN TRO DUC TION

In spite of all pre ven tive and mit i ga tive mea -
sures con sid ered in the de sign of nu clear re ac tors, they 
still rep re sent a re sid ual risk to the out side world. To
re duce it, proba bil is tic safety anal y sis (PSA) has been
used as a pow er ful method for the sur vey of nu clear re -
ac tor safety. In ad di tion, any mean ing ful PSA needs to
ac count for hu man ac tion (HA) and their ef fects, both
in the prob a bil ity of risk sig nif i cant events, as well as
their con se quences. This is be cause HA is an un avoid -
able part of the op er a tion and main te nance in a nu clear
power plant (NPP), both in nor mal and ab nor mal sit u -
a tions [1]. A Re ac tor safety study [2] re vealed that
more than 60% of the po ten tial ac ci dents in nu clear in -
dus try are re lated to hu man er rors. Also, in some ref er -
ences, the con tri bu tion of hu man er rors to PSA re sults
were re ported to be as high as 88% [3] (ac ci dents at the
three miles is land (TMI), in 1979, and Chernobyl, in

1986, have yielded ad di tional in for ma tion about the
im por tance of hu man re li abil ity [4, 5]).

As for re search re ac tors, the sit u a tion is even
worse be cause of the role hu mans play in en sur ing the
safety of such in stal la tions. Many safety func tions,
per formed au to mat i cally in power plants, must be per -
formed man u ally in re search re ac tors.

Hu man re li abil ity anal y sis (HRA) as a part of
PSA is de fined as fol lows [6]: hu man re li abil ity rep re -
sents the prob a bil ity of a per son (1) cor rectly per form -
ing an ac tion re quired by the sys tem in the re quired
time and (2) not per form ing any ex tra ne ous ac tiv ity
that could de grade the sys tem. Any method by which
hu man re li abil ity is as sessed may be des ig nated as
HRA [7]. The anal y sis typ i cally in cludes the fol low ing 
phases: (1) iden ti fi ca tion of HA, (2) mod el ling of im -
por tant ac tions and (3) as sess ment of prob a bil i ties of
HA. The iden ti fi ca tion and mod el ling of im por tant
HA, from the PSA point of view, most of ten take place
as a part of sys tem and ac ci dent se quence mod el ling,
as dem on strated, for ex am ple, in [8].
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In gen eral, there are three main ap proaches in
HRA: task-re lated (dis crete nodal) mod els, task-re lated 
(group ac tion) mod els, and time re li abil ity mod els.
Based on these three ap proaches, a wide range of var i -
ous HRA mod els and tech niques are avail able, each
with their own char ac ter is tics: tech nique for hu man er -
ror rate pre dic tion (THERP), cause-based de ci sion tree
(CBDT) [9], hu man er ror as sess ment and re duc tion
tech nique (HEART) [10], nu clear ac tion re li abil ity as -
sess ment (NARA) [11], stan dard ized plant anal y sis
risk-hu man (SPAR-H) [12], hu man cog ni tive re li abil ity 
(HCR) [13], time re li abil ity curve (TRC) [6], op er a tor
re li abil ity ex per i ments/hu man cog ni tive re li abil ity time 
re li abil ity curve  (ORE/HCR TRC) [14], cog ni tive re li -
abil ity and er ror anal y sis method  (CREAM) [15], ho -
lis tic de ci sion tree (HDT) [16], tech nique for hu man
event anal y sis (ATHEANA) [17], cog ni tive re li abil ity
and er ror anal y sis method II  (CREAM II) [15], method
for assessing the com ple tion of op er a tor's ac tion for
safety (Mermos) [18], and suc cess like li hood in dex
method  (SLIM) [19].

In this re search, SPAR-H was cho sen from all
other avail able meth ods for the HRA of the TRR for
the fol low ing rea sons:
– well-doc u mented and sys tem atic HRA sys tem,
– human per for mance choices tab u lated based on

ex pert opin ion,

– PSF se lected via ta bles,
– HA de pend en cies ac counted for, and
– method ap pro pri ate to the in tended use

In ad di tion, the method is one of the new est de -
vel oped for HRA and its ba sic er ror rates are cal i brated 
against other HRA meth ods, such as the TEHRP, ac ci -
dent se quence eval u a tion pro gram (ASEP), HEART,
etc. 

The SPAR-H method is ap plied to the TRR,
which is a 5 MW pool-type re search re ac tor with light
wa ter as a mod er a tor for a het er o ge neous, solid fuel re -
ac tor, in which the wa ter is also used for cool ing and
shield ing. The re ac tor core is im mersed in ei ther of the
sec tions of the two-sec tioned con crete pool filled with
wa ter. One of the sec tions of the pool con tains an ex -
per i men tal stall in which beam tubes and other ex per i -
men tal fa cil i ties con verge. The other one is an open
pool area for bulk ir ra di a tion stud ies. The pool is
spanned by a man u ally op er ated bridge from which an
alu mi num tower sup port ing the re ac tor core is sus -
pended. The con trol of the re ac tor is ac com plished by
the in ser tion or re moval of neu tron ab sorb ing con trol
rods sus pended from con trol-drives mounted on the
re ac tor bridge. Ad di tional con trol is pro vided by the
in her ent neg a tive tem per a ture co ef fi cient of the re ac -
tiv ity of the sys tem. A gen eral sym bolic scheme of the
TRR is pre sented in fig. 1.
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Fig ure 1. Sym bolic scheme of the Teh ran re search re ac tor [20]



Its main com po nents are the re ac tor core, con trol 
and safety sys tems, pool, holdup tank, pumps, heat
exchanger, con nect ing pipes, check valves, gate
valves and but ter fly valves. Some of the main re ac tor
data are out lined in tab. 1, while de tailed spec i fi ca tions 
data are given in [20].

Our re search has been or ga nized as fol lows. Hu -
man re li abil ity anal y sis de scribes the hu man re li abil -
ity anal y sis and a brief de scrip tion of the TRR. In
Spar-H method, the SPAR-H method is ad dressed.
The meth od ol ogy for the quan ti fi ca tion of HA is ad -
dressed in Methodology. The HRA for the TRR is con -
sid ered in Hu man re li abil ity anal y sis re sults for the
Tehran re search re ac tor. Re sults and discussion en -
com passes re sults and dis cus sions.

HU MAN RE LI ABIL ITY ANAL Y SIS

The most im por tant per for mance mea sure of in -
ter est in any PSA is hu man re li abil ity. HRA is an im -
por tant part of any risk anal y sis. It has long been rec -
og nized that hu man er ror has a sub stan tial im pact on
the re li abil ity of com plex sys tems. To ob tain a pre cise
and ac cu rate mea sure of sys tem re li abil ity, hu man er -
ror has to be taken into ac count.

Re gard less of the meth ods ap plied, HRA must
be per formed within a de fined gen eral frame work,
nearly the same for all HRA. In other words, to per -
form a HRA, one has to per form a num ber of tasks. To
put these tasks in the right or der, a pro ce dural frame -
work has been de vel oped. There are four phases, each
of which con tains a num ber of steps, sum ma rized in
tab. 2. In ter ested read ers are to re fer to [12, 21] for de -
tailed in for ma tion about the said steps.

For a more ac cu rate mod el ling of HA in a PSA
sys tem, HA are clas si fied as fol lows:
– cat e gory A: Pre-ini ti at ing event in ter ac tions (also

called rou tine ac tions), e. g., main te nance  of er -
rors, test ing er rors, cal i bra tion er rors,

– cat e gory B: IE-re lated in ter ac tions, e. g., hu man
er rors caus ing sys tem trips, hu man er rors caus ing
loss of power), and

– cat e gory C: Post-ini ti at ing event in ter ac tions (also
called emer gency ac tions), e. g., all ac tions ac tu at ing
a man ual safety sys tem backup of an au to matic sys -
tem.

Fig ure 2 de picts the lo ca tions of the var i ous HA in
a sim pli fied logic tree. Cat e go ries A and B of HA are ac -
counted for in the fault tree anal y sis as be ing the ba sic hu -
man er ror prob a bil i ties (BHEP), ex is tent through out ge -
neric da ta bases [6, 22]. Upon that, the BHEP was
mod i fied with spe cific plant data by means of the
Bayesian up dat ing tech nique [23]. Al most all soft ware
for re li abil ity and risk anal y sis con tains a tool box for up -
dat ing data via the Bayesian ap proach. In this re search,
SAPHIRE [24] was ap plied for the task.

Cat e gory C hu man er rors need to be ac counted
for com pre hen sively and in a plant-spe cific man ner.
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Ta ble 1. Spec i fi ca tions and main op er at ing con di tions of
the Teh ran re search re ac tor [20]

Core ma te rial

Cool ant Light wa ter

Fuel el e ment Plate-type clad in
alu mi num

Mod er a tor Light wa ter

Nu clear fuel 
Ma te rial test re ac tor

(MTR)
(low en riched ura nium)

Re flec tor Graph ite/light wa ter

Thermohydraulics

Clad ding ther mal
con duc tiv ity [W–1mK–1] 167.0

Cool ing method Forced flow

Fuel ther mal con duc tiv ity
[Wm–1K–1] 10.0

Holdup tank wa ter vol ume
[m3] 37.417

In let cool ant tem per a ture
[°C] 37.8

Pool water volume [m3] 477.8

Pri mary cool ing loop mass
flow rate [m3h–1] 500

Pump head [m] 30.48

Sec ond ary cool ing loop
mass flow rate [m3h–1] 522

To tal heat trans fer sur faces
[cm2] for stan dard fuel
el e ments (SFE) 

14,022.0

To tal heat trans fer sur faces
[cm2] for con trol fuel
el e ments (CFE) 

10,332.0

To tal power peak ing fac tor 3.0

Fuel el e ment di men sions

Fuel height [cm] 70.5

Fuel length [cm] 8.1

Fuel width [cm] 7.07

Num ber of plates in stan dard
fuel el e ments 19

Pass ing cool ing wa ter
cross-sec tion [cm2] at CFE 25.81

Pass ing cool ing wa ter
cross-sec tion [cm2)] at SFE 33.92

Plate clad thick ness [mm] 0.4

Plate clad height [cm] 61.5

Plate clad width [cm] 6.0

Plate meat [mm] 0.7

Wa ter chan nel be tween plates 
[mm] 2.7

Fuel meat
235U [%] 12.44

238U [%] 49.78

O [%] 11.17

Al [%] 26.50

* gpm – means gal lon per min ute



As stated above, in this re search, the SPAR-H method
was used to ac count for HA.

SPAR-H METHOD

The SPAR-H was a re vi sion and a re place ment
of the U. S. Nu clear Reg u la tory Com mis sion’s ac ci -
dent se quence pre cur sor (ASP) HRA screen ing
method. The re vi sions made were in tended to con trib -
ute to a more re al is tic char ac ter iza tion of hu man per -
for mance in volv ing SPAR meth ods and tech niques
and to re flect the new est trends in HRA meth ods and
data. Some of the goals of the SPAR-H in clude easy
use and better rep re sen ta tion of the un cer tainty and de -
pend ency of the in for ma tion gained for use in SPAR
PRA mod els orig i nat ing from the US NPP. The
SPAR-H has been ap plied to over 70 US NPP. It was

orig i nally de vel oped as a screen ing meth od ol ogy, but
the method was later on ex tended to full hu man er ror
prob a bil ity (HEP) quan ti fi ca tion.

Task types

The SPAR-H model is built on years of ex pe ri -
ence of the au thors in the nu clear en ergy field, es pe -
cially in hu man fac tors and HRA. The un der ly ing psy -
cho log i cal ba sis for the SPAR-H con struct is the
in for ma tional model of hu mans. This be ing the case,
they have in mind a di ag no sis and ac tion model for
crew and per son nel re sponses to ac ci dent con di tions.
They fur ther re al ize that the re sponses of per sons are
af fected by the con text of the con di tion un der which
these per sons op er ate. The model con sists of prob a bil -
i ties as so ci ated with di ag no sis and ac tion i. e., HEP
val ues as 0.01 and 0.001 for di ag no sis and ac tions, re -
spec tively. An ef fec tive HEP con sists of these el e -
ments, along with mod i fi ers stem ming from the con -
text (PSF). 

SPAR-H PSF

The terms PSF or per for mance in flu ence fac tor
(PIF) cover the same item and re fer to any thing that
could in crease or de crease per for mance (i. e. HA) and
,thus, er ror prob a bil ity for a par tic u lar type of task. In
this pa per, only the term per for mance shap ing fac tor is
be ing used. PSF are hy po thet i cal, since one does not
know for cer tain if they will have a par tic u lar ef fect in
a spe cific sit u a tion and con sult ing with op er a tors and
ex perts re sults in better PSF as sign ment. SPAR-H
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Ta ble 2. Pro ce dural frame work for per form ing HRA

No. Phase Steps

1 Familiarization

Col lec tion of in for ma tion

Plant visit

Review of written procedures

2 Qualitative
analysis

Identification of potential human 
errors

Modelling of human errors in
PSA

3
Quantification

of human
failures

Different methods in HRA
(SPAR-H) in this research

4 Evaluation

Sensitivity and uncertainty
analysis

Recommendations

Documentation

Fig ure 2. The lo ca tion of hu man er ror types within the plant logic tree [25]



deals with this short com ing in a sys tem atic way, which 
is ex plained here.

SPAR-H is based on an in for ma tion-pro cess ing
model of hu man cog ni tion, yield ing a causal model of
hu man er ror. SPAR-H also pro vides a dis cus sion of
the in ter de pen den cies of PSF, of ten ig nored in other
HRA meth ods. This be ing said, the in ter de pen den cies
are not avail able to the reader in terms of cor re la tion
co ef fi cients. The eight PSF ap plied to both the ac tion
and di ag no sis phase used by the method are:
– avail able time,
– stress/stress ors,
– com plex ity,
– ex pe ri ence/train ing,
– pro ce dures,
– er go nom ics/human-ma chine in ter face,
– fit ness for duty, and
– work pro cesses

Those in ter ested can find de tailed ex pla na tions
for each PSF in [12].

De pend ency

In 1994, a de pend ency method was de vel oped
that yielded a de pend ency rat ing from zero to com -
plete de pend ency. These lev els were then matched to
the no men cla ture in THERP. In 2003, the SPAR-H
method was again up dated, this time to al low for an a -
lysts to ac knowl edge ad di tional as pects of con text
when con sid er ing de pend ency. The ap proach is meant
to high light those ac tions or di ag no ses that should be
fur ther re viewed and for which higher fail ure rates can 
be as sumed.

Ta ble 3 pres ents the de pend ency ta ble that an a -
lysts use to as sign the de pend ency level.

Note: If the er ror is the 3rd er ror in a se quence,
then the de pend ency is at least mod er ate. If the er ror is
the 4th er ror in a se quence, then the de pend ency is at
least high.

The fi nal task fail ure de pend ency is cal cu lated
via well known de pend ency equa tions ad dressed in
[6].

Cau tion: de pend en cies are an a lyzed based on
the anal y sis af ter min i mal cut sets used for cal cu lat ing
the fre quency of core dam age con se quences for all ini -
ti at ing events. So, it is ob vi ous that the de pend ency
anal y sis must be post poned and per formed af ter min i -
mal cut sets are gen er ated. Then, if the suc cess of a task 
re quires the suc cess of ORed op er a tor ac tions, (in
which case, the op er a tor er ror of the task is the fail ure
of ANDed ac tions), de pend ency mod el ling is ap plied.
This as sump tion is based on the be lief that if the op er a -
tor fails in the first step in a se ries or group of ORed ac -
tions, it is more likely that he will fail in sub se quent
steps of the group. In that re gard, the nom i nal HEP
(mul ti plied by the per for mance shap ing fac tor) is ap -
plied to the first step. Upon this, dif fer ent lev els of de -
pend ency are de rived ap ply ing afore men tioned equa -
tions to the HEP of the first step.

Un cer tainty anal y sis

To take un cer tainty into ac count, the SPAR-H
method em ploys a beta dis tri bu tion which re quires
two pa ram e ters, a and b. A ta ble of ap pli ca ble a pa -
ram e ters (as func tions of the mean HEP) is sup plied in
[26].  Fig ure 3 shows the nu mer i cal value of a as a
func tion of the HEP. Once a is ob tained, b, is found via 
the equa tion, b = a (1-HEP)/HEP.
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Ta ble 3. De pend ence con di tion ta ble [12]

Con di tion
num ber

Crew
(same (s) or
dif fer ent (d))

Time
c – close in time

nc – not close in time

Lo ca tion
 (same or dif fer ent)

Cues
a – ad di tional 

na – no ad di tional
De pend ency

1

s

c

s
na complete

2 a complete

3
d

na high

4 a high

5

nc

s
na high

6 a moderate

7
d

na moderate

8 a low

9

d

c

s
na moderate

10 a moderate

11
d

na moderate

12 a moderate

13

nc

s
na low

14 a low

15
d

na low

16 a low

17 zero



SPAR-H method in quan ti fi ca tion

Fi nal HEP val ues are ar rived at by mul ti ply ing the 
nom i nal HEP (NHEP) (i. e. 1.0E-02 for the di ag no sis
phase and 1.0E-03 for the ac tion phase) by the weight -
ing fac tors de rived from tab. 4 and tab. 5, for the di ag no -
sis and ac tion phase, re spec tively. This pro cess is car -
ried out for di ag no sis and ac tion items, and the over all
value is given by the ad di tion of both the di ag no sis and
ac tion con tri bu tions. Note that, in the case when the
num ber of PSF (for which the weight ing fac tor is
greater than 1.0) is greater than or equal to 3, the base
HEP value is given by the fol low ing for mula: HEP =
NHEP × PSFcom pos ite/[NHEP (PSFcom pos ite – 1) + 1].

METH OD OL OGY

Af ter re view ing the PSA of the TRR to find HA,
the quan ti fi ca tion of each task is per formed in fol low -
ing steps:

Cat e gory A HA

Dur ing op er a tion, all stand-by safety sys tems
which may be in a state of un avail abil ity be cause of
pre-ac ci dent hu man er rors are searched for pos si ble
test ing, main te nance and cal i bra tion ac tiv i ties. Once
the er rors are iden ti fied, a ba sic event is cre ated in the
rel e vant sys tem fault tree near the un avail able com po -
nent and quan ti fied us ing the THERP ap proach as fol -
lows:

In ac cor dance with the THERP ap proach  (tab.
20.6), the pos si bil ity of a hu man er ror to be com mit ted
dur ing the test ing and main te nance of a safety sys tem
is taken to be P = 1.0E-2. Also, in con sul ta tions with
TRR op er a tors, it was es tab lished that the re sults of
main te nance and checks of the safety sys tem’s pro tec -
tion and in ter locks are en tered into main te nance logs.
They are checked by a su per vi sor, so a re cov ery from
hu man er ror is pos si ble and this is mod elled as the re -

cov ery fac tor (RF). The value of the re cov ery fac tor is
RF = 1.0E-01 (based on ta ble 20.22 in THERP). Un der 
the as sump tion of mid dle level de pend ency be tween
op er a tors, the value of RF1 could be mod i fied by de -
pend ency equa tions men tioned ear lier. Hence, the
prob a bil ity of a pre-ac ci dent hu man er ror re gard ing
this com po nent is P = BHEP ´ RF1.

Note: Type-A hu man fail ure events are char ac -
ter ized as fol lows:
– mis align ment of PSA com po nents in their nor mal

op er a tion or standby sta tus af ter test ing and main -
te nance, and

– miscalibration af ter cal i bra tion ac tiv i ties
In con trast with NPP, in re search re ac tors, mis -

align ments of com po nents are in many cases eas ily de -
tected by the plant’s per son nel in the con trol room dur -
ing op er a tion and by the walk – around su per vi sor
out side the pool. In ad di tion, they are im me di ately cor -
rected af ter de tec tion. There fore, there is a very low
prob a bil ity of these mis align ment sit u a tions and an
ini ti at ing event oc cur ring at the same time. Thus, such
type-A hu man fail ure events can be screened out (the
same goes for cal i bra tion ac tiv i ties that are screened
out due to cri te ria ad dressed above). But it is con ser va -
tively as sumed that ev ery safety sys tem op er at ing in
standby mode dur ing op er a tion may be in an un avail -
abil ity state be cause of a pre- ac ci dent hu man er ror, so
a ba sic event is in tro duced into the fault tree of each
safety sys tem which is out of the screen ing cri te ria pre -
vi ously ad dressed in this pa per. 

Cat e gory B HA

Stan dard PSA do not dis tin guish the root cause
of an ini ti a tor and, of ten, these types of events are not
mod elled sep a rately in risk anal y ses. Usu ally, ge neric
da ta bases are used to as sign a BHEP to these ac tions
[6, 22]. Then, the BHEP will be mod i fied with spe cific
plant data by means of the Bayesian up dat ing tech -
nique [23]. The ob jec tive of the Bayesian up date
method is to com bine ge neric data and plant-spe cific
data in such a way that the in flu ence of the plant-spe -
cific data on the up dated data in creases with the
length en ing of the pe riod in which the data is col lected
or the num ber of fail ures in creases. The method is es -
pe cially use ful if lit tle plant-spe cific data is avail able
or lit tle con fi dence in the plant spe cific data ex ists. Al -
most all soft ware for re li abil ity and risk anal y sis con -
tains a tool box for up dat ing data by the Bayesian ap -
proach. As men tioned, in this re search,  SAPHIRE 
was used for the task.

Cat e gory C HA

The rec ipe for quan ti fy ing cat e gory-C HA is as
fol lows:
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Fig ure 3. Al pha (a) as a func tion of the mean HEP
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Ta ble 4. PSF eval u a tion cri te ria for the di ag no sis phase [12]

PSF PSF lev els Mul ti plier for
di ag no sis Cri te ria for eval u a tion

Available time

In ad e quate time P(fail ure) = 1.0
– Avail able time < re quired time
– De ter min is tic safety anal y sis (DSA) re sults must

be used

Barely ad e quate time (˜2/3 ´
nom i nal)

10 DSA re sults must be used

Nom i nal time 1
– DSA re sults must be used
– Nom i nal re quired time

Ex tra time (be tween 1 and 2 ´
nom i nal and > than 30 minutes)

0.1 DSA re sults must be used

Ex pan sive time (>2 ´ nom i nal
and >30 minutes)

0.01 DSA re sults must be used

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Stress/stress ors

Ex treme 5

– The on set of the stressor is sud den
– The stress ing sit u a tion per sists for long
– Feel ing of threat to one’s phys i cal well-be ing or to

one’s self-es teem or pro fes sional sta tus
– Ac ci dent se quences that go well beyond ex pected

con di tions (e. g., a small loss of cool ant ac ci dent
(SLOCA) with fail ure of safety in jec tion)

– Cat a strophic fail ures (due to po ten tial or
ra dio ac tive re lease)

– LOCA, (loss of offsite power) LOOP, an tic i pated
tran sient with out scram (ATWS), steam gen er a tor
tube rup ture (SGTR)

High 2

– Multiple in stru ments and alarm go off un ex pect edly
and at the same time

– The con se quences of the task rep re sent a threat to
plant safety

– Tran sients

Nom i nal 1 Nor mal plant op er at ing con di tions

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Com plex ity

Highly com plex 5

– There is much am bi gu ity as to what needs to be
di ag nosed (e. g., a SLOCA which is not
depressurized)

– Many vari ables are in volved, with con cur rent
di ag no ses

Mod er ately com plex 2

– There is some am bi gu ity as to what needs to be
di ag nosed

– Sev eral vari ables are in volved, per haps with some
con cur rent di ag no ses

Nom i nal 1
– There is lit tle am bi gu ity
– Sin gle or few vari ables are in volved

Ob vi ous di ag no sis 0.1
– The prob lem is so ob vi ous that it would be dif fi cult

for an op er a tor to misdiagnose it
– Com pel ling cues such as SGTR

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Ex pe ri ence/
train ing

Low 10

– Less than 6 months of ex pe ri ence and/or train ing
– Level of ex pe ri ence/train ing does not pro vide

ad e quate prac tice in those tasks
– Level of ex pe ri ence/train ing  does not ex pose

in di vid u als to var i ous ab nor mal conditions

Nom i nal 1
More than 6 months of ex pe ri ence and/or train ing

– Level of ex pe ri ence/train ing pro vides an ad e quate
amount of for mal school ing

High 0.5
Level of ex pe ri ence/train ing pro vides op er a tors
with ex ten sive knowl edge and prac tice in a wide
range of po ten tial sce nar ios

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion



– eval u ate  the PSF for the di ag no sis por tion of the
task, if any,

– calculate the di ag no sis fail ure prob a bil ity,
– cal cu late the ad just ment fac tor, if neg a tive mul ti -

ple (³3) PSF are pres ent,
– record the fi nal di ag no sis for HEP,
– eval u ate PSF for the ac tion por tion of the task, if any,
 – calculate ac tion fail ure prob a bil ity,
– cal cu late the ad just ment fac tor, if neg a tive mul ti -

ple (³3) PSF are pres ent,
– record the fi nal HEP ac tion,
– calculate task fail ure prob a bil ity with out for mal

de pend ence (Pw/od), and
– dependency anal y sis.

HU MAN RE LI ABIL ITY ANAL Y SIS
RE SULTS FOR THE TEH RAN
RE SEARCH RE AC TOR

First of all, all ini ti at ing events, along with their
ac ci dent se quence mod el ling and fault trees for event

trees’ head ings, as well as for core dam age states, are
con sid ered in the PSA of the TRR in search of pos si ble
hu man ac tions.

Ini ti at ing events

Only in ter nal ini ti at ing events, i. e. hard ware
fail ures in the plant or faulty op er a tions of plant hard -
ware through hu man er ror or com puter soft ware de fi -
cien cies have been con sid ered. Two ma jor cat e go ries
of ini ti at ing events can be dis tin guished. Loss of cool -
ant ac ci dent (LOCA) ini ti a tor is an event that di rectly
causes loss of in teg rity of the pri mary cool ant pres sure
bound ary. Tran sient ini ti a tors are those that could cre -
ate the need for a re ac tor power re duc tion or shut down
and a sub se quent re moval of the de cay heat [27].
Based on the re sponses of the safety sys tems, we have
con sid ered 11 groups of ini ti at ing events of which four 
are LOCA ini ti a tors and the oth ers are tran sient ini ti a -
tors [28]. Tran sient ini ti a tors are also sub di vided into
fol low ing cat e go ries:
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Table 4. (continuation)

Procedures

Not avail able 50

In com plete 20
In for ma tion is needed that is not con tained in the
pro ce dure or pro ce dure sec tions

Avail able, but poor 5
A pro ce dure is avail able but it is dif fi cult to use be cause
of fac tors such as for mat ting prob lems, am bi gu ity, or
such a lack in con sis tency that it im pedes per for mance

Nom i nal 1 Pro ce dures are avail able and en hance per for mance

Di ag nos tic/symp tom ori ented 0.5
Di ag nos tic pro ce dures as sist the op er a tor/
crew in cor rectly di ag nos ing the event

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Er go nom ics/
HMI

Miss ing/mis lead ing 50 The in stru men ta tion is in ac cu rate

Poor 10
The de sign of the plant neg a tively im pacts task
per for mance

Nom i nal 1
The de sign of the plant sup ports cor rect per for mance, 
but does not en hance per for mance

Good 0.5
The de sign of the plant pos i tively im pacts task
per for mance

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Fit ness for
duty

Un fit P (fail ure) = 1.0

The in di vid ual is un able to carry out the re quired
tasks, due to ill ness or other phys i cal or men tal
in ca pac i ta tion (e. g., hav ing an in ca pac i tat ing
stroke).

De graded fit ness 5
The in di vid ual is able to carry out the tasks, al though
per for mance is neg a tively af fected

Nom i nal 1
The in di vid ual is able to carry out tasks; no known
per for mance deg ra da tion is ob served

In suf fi cient in for ma tion 1 Lack of suf fi cient in for ma tion

Work
pro cesses

Poor 2

Per for mance is neg a tively af fected by the work
pro cesses at the plant (e. g., shift turn over does not
in clude ad e quate com mu ni ca tion about on go ing
main te nance ac tiv i ties; poor com mand and con trol by
su per vi sor(s); per for mance ex pec ta tions are not made
clear)

Nom i nal 1

Per for mance is not sig nif i cantly af fected by work
pro cesses at the plant, or work pro cesses do not ap pear
to play an im por tant role (e. g., crew per for mance is
ad e quate; in for ma tion is avail able, but not nec es sar ily
proactively com mu ni cated)

Good 0.8

Work pro cesses em ployed at the plant en hance
per for mance and lead to a more suc cess ful out come
than would be the case if work pro cesses were not
well im ple mented and sup port ive (e. g., good
com mu ni ca tion; well un der stood and sup port ive
pol i cies; co he sive crew).

Insufficient information 1 Lack of sufficient information



– loss of offsite power supply (LOPS),
– loss of flow, forced cir cu la tion un avail able (LFFCU),
– loss of flow, forced cir cu la tion avail able (LFFCA),

and
– ex cess re ac tiv ity in ser tion (ERI).

Core dam age states (CDS)

Core dam age has been con ser va tively as sumed
to oc cur when the avail able thermohydraulic mod els
can not sup port a suc cess ful cool ing-down of the re ac -
tor core, given the par tic u lar states of the var i ous
safety sys tems. More de tailed cal cu la tions might in di -
cate that in some cases core dam age is not ac tu ally oc -
cur ring. All ac ci dent se quences iden ti fied do not lead
to the same de gree of core dam age. De pend ing on the
ini ti at ing event, op er at ing safety sys tems and in di ca -

tions stem ming from the thermohydraulic anal y sis,
eight states have been de fined, of which two cor re -
spond to ab nor mal states (which do not lead to core
dam age), while the oth ers be long to core dam age
states. The said eight states are de scribed be low as:

– CDS1: when the re ac tor shut down takes place
suc cess fully, but the nat u ral cir cu la tion sys tem
fails (with no pri mary heat re moval),

– CDS2: when the re ac tor fails to shut down and
there is no pri mary heat re moval,

– CDS3: when the re ac tor fails to shut down in the
case of a fuel chan nel block age ac ci dent,

– CDS4: when the re ac tor does not shut down in the
case of a re ac tiv ity ac ci dent, al though the pri mary
heat re moval sys tem works nor mally,

– CDS5: when the re ac tor does not shut down in the
case of a re ac tiv ity ac ci dent and the pri mary heat
re moval sys tem also fails,
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Ta ble  5. PSF eval u a tion cri te ria for the ac tion phase [12]

PSF PSF levels Multiplier for
diagnosis

Criteria for
evaluation

Avail able time

Inadequate time P(failure) = 1.0

Such as
diagnosis phase

Time available is »the time required 10

Nominal time 1

Time available ³5´ the time required 0.1

Time available is ³50´ the time required 0.01

Insufficient information 1

Stress/stress ors

Extreme 5

High 2

Nominal 1

Insufficient information 1

Com plex ity

Highly complex 5

Moderately complex 2

Nominal 1

Insufficient information 1

Ex pe ri ence/train ing

Low 3

Nominal 1

High 0.5

Insufficient information 1

Pro ce dures

Not available 50

Incomplete 20

Available, but poor 5

Nominal 1

Insufficient information 1

Er go nom ics/HMI

Missing/misleading 50

Poor 10

Nominal 1

Good 0.5

Insufficient information 1

Fit ness for duty

Unfit P(failure) = 1.0

Degraded fitness 5

Nominal 1

Insufficient information 1

Work pro cesses

Poor 5

Nominal 1

Good 0.5

Insufficient Information 1



– CDS6: when re ac tor shut down takes place, but the 
core is bared be cause of a fail ure in the pool-iso la -
tion sys tem in case of LOCA,

– CDS7: when the re ac tor shut down does not take
place, but the core is bared be cause of the fail ure
of the pool iso la tion sys tem in case of LOCA, and

– CDS8: when the re ac tor shut down does not take
place and both the Nat u ral Cir cu la tion and Forced
Cir cu la tion sys tems work nor mally but, be cause
of the open ing of the safety flap per, the core is by -
passed.

Spe cific ac ci dent se quences con sist ing of an ini -
ti at ing event group, spe cific sys tem fail ures and suc -
cesses and pos si ble hu man re sponses are de fined here.
These sys tem fail ures are, in turn, mod elled in terms of 
ba sic event com po nent un avail abil ity and hu man er -
ror, so as to iden tify the ba sic causes un der ly ing them
and to al low for the quan ti fi ca tion of sys tem fail ure
prob a bil i ties (un avail abil ity) and ac ci dent se quence
fre quen cies. The list of event tree head ings rep re sen ta -
tive of dif fer ent safety func tions/sys tems is sum ma -
rized in tab. 6.

Con sid er ing ini ti at ing events, core dam age
states, ac ci dent se quence mod el ling and fault trees
for their head ings, HA of the TRR are clar i fied and
as signed num bers in tab. 7. Then, de pend ency anal -
y sis is taken into ac count to gen er ate the fi nal HEP.
It is worth men tion ing that af ter all min i mal cut sets
are gen er ated, the de pend en cies are an a lyzed based
on an anal y sis of min i mal cut sets used for cal cu lat -
ing con se quences end ing CDS for all ini ti at ing
events. Prob a bil i ties of all Cat e gory C HA are set to
1. Af ter this, min i mal cut sets con tain ing two or
more HAs are iden ti fied. If the fre quency of a min i -
mal cut set is more than 1.00E-08, it will be an a lyzed 
for de pend ency.  Ta ble 8 shows iden ti fied hu man ac -
tions for 11 ini ti at ing events, along with de pend -
ency anal y sis. 

With all HA clar i fied, an im por tance anal y sis is
per formed to rank the most sig nif i cant HA to have a
backfitting, both in emer gency op er at ing pro ce dures
and op er a tor train ing pro grams for TRR.

Im por tance analysis

Im por tance anal y sis was used to de ter mine the
most im por tant HA at the plant. There are dif fer ent mea -
sures in im por tance anal y sis such as Fussell-Vesely
(FV), risk re duc tion worth, risk achieve ment worth
(RAW), and dif fer en tial im por tance mea sure. Among
them, FV and RAW are more com mon in anal y ses.

Fussell – Vesely im por tance

This mea sure was in tro duced by Vesely [29, 30]
and later ap plied by Fussell [31]. The FV of com po -
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Ta ble 6. Event trees headings

No. Heading description

1 Containment sealing

2 Emergency electrical power supply

3 Electrical power supply

4 Emergency ventilation

5 Forced cooling system

6 High power scram fail

7 High radiation scram fail

8 High power scram system common cause failures

9 Low flow scram fail

10 Manual shutdown

11 Natural circulation

12
Pool isolation system for loss of coolant accident 1

(LOCA1)

13 Pool isolation system for LOCA2

14 Pool isolation system for LOCA3

15 Pool isolation system for LOCA4

16 Pool level scram fail

17 Primary pump scram fail

18 Period scram fail

19
Reactor protection system for excess reactivity

insertion

20
Reactor protection system for loss of flow, forced 

circulation available 2

21
Reactor protection system for loss of flow, forced 

circulation available 3

22
Reactor protection system for loss of flow, forced 

circulation unavailable 1

23
Reactor protection system for loss of flow, forced 

circulation unavailable 2

24 Reactor protection system for LOCA1

25 Reactor protection system for LOCA2

26 Reactor protection system for LOCA3

27 Reactor protection system for LOCA4

28
Reactor protection system for loss of power

supply

29 Water recovery fail

Ta ble 7. HA in TRR

No. Human actions

1 Bypass high radiation scram

2 Detection of fuel channel blockage

3 Detection of high pool level

4 Determination of LOCA 1 procedure

5 Determination of LOCA 2 procedure

6 Determination of LOCA 3 procedure

7 Determination of LOCA 4 procedure

8 Detection of containment sealing necessity

9 Detection of excess reactivity insertion

10 Detection of LOCA1

11 Detection of LOCA2

12 Detection of LOCA3

13 Detection of LOCA4

14 Detection of low pool level

15 Forced circulation necessity

16 Hold up tank high level

17 Turning on generator



nent X is the frac tion the base line core dam age fre -
quency (CDF) would be re duced if com po nent X was
al ways avail able (never failed and never out of ser -
vice)

FV X
CDF CDF X

CDF
( )

( )
=

- = 0
(1)

CDF is the base line CDF, with ba sic events as -
signed prob a bil i ties, and CDF(X = 0) is the CDF, set -
ting prob a bil ity equal to 0 for the ba sic events rep re -
sent ing the com po nent for which FV is cal cu lated.

Risk achieve ment worth

Chadwell and Leverenz [32] dis cuss RAW (also
re ferred to as risk increase fac tor – RIF) as a mea sure
in which in put vari able prob a bil ity or fre quency is set
to unity, and the ef fect of this change on the sys tem risk 
is mea sured. There fore, RAW is the ra tio of the new
(in creased) risk to the base line risk of the sys tem when
the prob a bil ity of the spec i fied risk el e ment is set to
unity.

RIF X
CDF X

CDF
( )

( )
=

= 1
(2)
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Ta ble 8. Re sults of HRA for TRR

No. Initiating event Human
action(s)

Alphaw/od Betaw/od Pw/od* Pwd**

1 LOPS

17 4.99E-01 1.24E+02 4.00E-03 N/A***

15 4.98E+01 1.06E+02 4.70E-03 5.45E-02

8 4.99E-01 1.24E+02 4.00E-03 1.46E-01

2 ERI

9 4.19E-01 1.26E+00 2.50E-01 N/A

1 4.68E-01 4.21E+00 1.00E-01 1.45E-01

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

15 4.99E-01 1.24E+02 4.00E-03 5.00E-01

8 4.98E+01 9.92E+01 5.00E-03 5.00E-01

3 LFFCA1

2 4.77E-01 6.34E+00 7.00E-02 N/A

17 4.99E-01 1.24E+02 4.00E-03 5.38E-02

8 4.99E-01 1.33E+02 3.75E-03 1.46E-01

4 LFFCA2
17 4.99E-01 1.24E+02 4.00E-03 N/A

8 4.98E+01 9.92E+01 5.00E-03 5.47E-02

5 LFFCA3

3 4.99E-01 1.66E+02 3.00E-03 N/A

17 4.99E-01 1.24E+02 4.00E-03 5.38E-02

8 4.99E-01 1.27E+02 3.90E-03 1.46E-01

6 LFFCU1

14 4.99E-01 1.66E+02 3.00E-03 N/A

16 4.95E-01 3.25E+01 1.50E-02 6.42E-02

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

8 4.99E-01 1.18E+02 4.20E-03 5.02E-01

7 LFFCU2

14 4.99E-01 1.42E+02 3.50E-03 N/A

17 4.99E-01 1.24E+02 4.00E-03 5.38E-02

8 4.98E-01 1.04E+02 4.75E-03 1.46E-01

8 LOCA1

10 4.99E-01 1.66E+02 3.00E-03 N/A

16 4.97E-01 4.92E+01 1.00E-02 5.9E-02

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

4 4.84E-01 9.19E+00 5.00E-02 5.25E-01

8 4.99E-01 1.24E+02 4.00E-03 5.02E-01

9 LOCA2

11 4.99E-01 1.66E+02 3.00E-03 N/A

16 4.97E-01 4.92E+01 1.00E-02 5.9E-02

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

5 4.84E-01 9.19E+00 5.00E-02 5.25E-01

8 4.99E-01 1.33E+02 3.75E-03 5.01E-01

10 LOCA3

12 4.99E-01 1.66E+02 3.00E-03 N/A

16 4.97E-01 4.92E+01 1.00E-02 5.9E-02

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

6 4.19E-01 1.26E+00 2.50E-01 6.25E-01

8 4.99E-01 1.24E+02 4.00E-03 5.02E-01

11 LOCA4

13 4.99E-01 1.66E+02 3.00E-03 N/A

16 4.97E-01 4.92E+01 1.00E-02 5.9E-02

17 4.99E-01 1.24E+02 4.00E-03 1.46E-01

7 4.19E-01 1.26E+00 2.50E-01 6.25E-01

8 4.99E-01 1.24E+02 4.00E-03 5.02E-01

* With out for mat de pend ence,  ** with de pend ence,  *** not ap pli ca ble,first in se quence and zero de pend ency



Based on the im por tance anal y sis, the most sig nif i -
cant HA for each ini ti at ing event are shown in tab. 9. 

RE SULTS AND DIS CUS SION

As stated,  tab. 8 shows iden ti fied hu man ac tions
for 11 ini ti at ing events along with the de pend ency
anal y sis, while tab. 9 shows the re sults for the im por -
tance anal y sis of the TRR. Also, to show the sig nif i -
cance of op er a tor ac tions at the TRR, cal cu la tions of
to tal CDS were per formed with all HA fail ures and
suc cesses (i. e. in fail ure, all HA set to 1). Re sults
shows that the to tal core dam age fre quency of TRR is
1.8E-01 and 2.12E-05 for all HA set to fail ure and suc -
cess, re spec tively. 

Also, to jus tify the re sults of the im por tance
anal y sis, some tests have been con ducted as fol lows.
In each CDS, anal y sis was per formed with fail ure and
suc cess of hu man ac tions and the re sults ob tained have 
been con sid ered for pos si ble backfitting in re ac tor
emer gency op er at ing pro ce dures and also op er a tor
trainings pro grams.

· CDS1
– De tec tion of forced cool ing ne ces sity set to fail -

ure (i. e. set to 1) and the CDS1 fre quency in -
creased to 1.2E-6, com pared with 1.4E-7 (in
suc cess mode).

– Turn ing on gen er a tor set to fail ure CDS1 fre quency 
in creased to 1.9E-7, com pared with 1.4E-7.

· CDS2
– Re sults with fail ure and suc cess of de tec tion of

con tain ment seal ing ne ces sity are 7.1E-8 and
8.3E-9, re spec tively.

· CDS3
– Re sults with fail ure and suc cess of de ter mi na -

tion of fuel chan nel block age are 2.0E-5 and
2.1E-6, re spec tively.

– Re sults with fail ure and suc cess of de tec tion of
con tain ment seal ing ne ces sity are 1.9E-5 and
2.1E-6, re spec tively.

· CDS4
– Re sults with fail ure and suc cess of de tec tion of

con tain ment seal ing ne ces sity are 2.2E-7 and
2.7E-8, re spec tively.

· CDS5
– Re sults with fail ure and suc cess of forced cool -

ing ne ces sity are 2.0E-9 and 2.6E-10, re spec -
tively.

– Re sults with fail ure and suc cess of turn ing on
gen er a tor are 1.9E-9 and 2.6E-10, re spec tively.

· CDS6
– Re sults with fail ure and suc cess of de ter mi na -

tion of LOCA 3 pro ce dure are 2.3E-5 and
1.7E-5, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 4 pro ce dure are 2.1E-5 and
1.7E-5, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 2 pro ce dure are 2.0E-5 and
1.7E-5, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 1 pro ce dure are 1.85E-5 and
1.7E-5, re spec tively.

– Re sults with fail ure and suc cess of de tec tion of
con tain ment seal ing ne ces sity are 1.77E-5 and
1.7E-5, re spec tively.

· CDS7
– Re sults with fail ure and suc cess of de ter mi na -

tion of LOCA 3 pro ce dure are 7.7E-10 and
7.3E-11, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 4 pro ce dure are 7.5E-10 and
7.3E-11, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 2 pro ce dure are 7.2E-10 and
7.3E-11, re spec tively.

– Re sults with fail ure and suc cess of de ter mi na -
tion of LOCA 1 pro ce dure are 7.0E-10 and
7.3E-11, re spec tively.

– Re sults with fail ure and suc cess of de tec tion of
con tain ment seal ing ne ces sity are 6.5E-10 and
7.3E-11, re spec tively.

· CDS8
– Re sults with fail ure and suc cess of de tec tion of

con tain ment seal ing ne ces sity are 4.8E-6 and
4.4E-7, re spec tively.
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Ta ble 9. Im por tance of HA

Core dam age 
state Human action (s)

CDS1
Detection of forced cooling necessity

Turning on generator

CDS2 Detection of containment sealing
necessity

CDS3
Determination of fuel channel blockage

Detection of containment sealing
necessity

CDS4 Detection of containment sealing
necessity

CDS5
Forced cooling necessity

Turning on generator

CDS6

Determination of LOCA 3 procedure

Determination of LOCA 4 procedure

Determination of LOCA 2 procedure

Determination of LOCA 1 procedure

Detection of containment sealing
necessity

CDS7

Determination of LOCA 3 procedure

Determination of LOCA 4 procedure

Determination of LOCA 2 procedure

Determination of LOCA 1 procedure

Detection of containment sealing
necessity

CDS8 Detection of containment sealing
necessity



CON CLU SIONS

This work is an im por tant step in our quest to en -
hance the op er a tion safety of the TRR. In con sul ta tion
with the op er a tors, a com pre hen sive study of HA was
per formed us ing SPAR-H as a sys tem atic method in
hu man re li abil ity anal y sis for a true rep re sen ta tion of
hu man er rors at the TRR. Also, im por tance anal y sis
showed the most sig nif i cant HA that should be taken
into ac count in or der to im prove the safety of the TRR.
In our fu ture works, we in tend to use the con cepts of
this pa per in live proba bil is tic safety as sess ment of the
TRR. 

Ac cord ing to the con ducted HRA, re sults ob -
tained and the dis cus sion sec tion, it is clear that hu -
mans play a cru cial role in TRR safety. This is ob vi ous
when we see that the to tal CDF of the plant has in -
creased to1.8E-01, set ting all HA to fail ure com pared
with 2.12E-05.

Also, con sid er ing the CDS re sults with HA set to 
fail ure and suc cess, it is clear that among HA, the de -
ter mi na tion of fuel chan nel block age and de tec tion of
con tain ment seal ing ne ces sity in CDS3 which are rep -
re sen ta tive of an ex ter nal ob ject fall ing on the re ac tor
core and de ter mi na tion of LOCA 3 pro ce dure, de ter -
mi na tion of LOCA 4 pro ce dure, de ter mi na tion of
LOCA 2 pro ce dure, de ter mi na tion of LOCA 1 pro ce -
dure and the de tec tion of con tain ment seal ing ne ces -
sity in CDS6, are the most sig nif i cant HA de mand ing
great at ten tion in emer gency op er at ing pro ce dures and 
op er a tor train ing pro grams for the TRR.
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Ramin BARATI, Said SETAJE[I

ANALIZA  QUDSKE  POUZDANOSTI  ISTRA@IVA^KOG
REAKTORA  U  TEHERANU  KORI[]EWEM  SPAR-H  METODE

Ciq ovog rada je da razmotri analizu qudske pouzdanosti na Istra`iva~kom reaktora u
Teheranu, koriste}i prikladnu metodu za prikazivawe verovatno}e qudske gre{ke. U dosada{wem
radu primewena je tehnika za predvi|awe u~estalosti qudske gre{ke kao i metode standardizovane 
analize rizika (qudske pouzdanosti) kod elektrana, koje se {iroko koriste u nuklearnim
elektranama radi kvantifikovawa razli~itih kategorija qudskih gre{aka. Analiza qudske
pouzdanosti je zaista integralan i zna~ajan deo studija probabilisti~ke analize sigurnosti i bez
we ova analiza sigurnosti ne bi bila sistemati~na i kompletna predstava stvarnih rizika u
elektrani. Dodatno, mogu}e qudske gre{ke kod istra`iva~kih reaktora ~ine zna~ajan deo
postoje}eg rizika ovakvih postrojewa i wihovo uvo|ewe u analizu sigurnosti je slo`en zadatak.
Standardizovana analiza rizika mo`e se koristiti za suo~avawe sa ovakvim problemima jer je
dobro dokumentovana i sistemati~na sa tabelama mogu}ih performansi qudi, koje su pripremqene
uz saradwu sa ekspertima iz ove oblasti.U ovoj metodi faktori oblikovawa performansi birani
su iz tabela, ura~unate su zavisnosti qudskih akcija i metoda je prilago|ena za namewenu upotrebu. 
U saradwi sa operaterima na reaktoru, identifikovane su qudske gre{ke i odgovaraju}i faktori
oblikovawa performansi pridru`eni su kako bi se dobile verovatno}e qudskih gre{aka. Na{a
analiza je pokazala da qudske akcije sadr`ane u verovatno}i da strani objekat padne na jezgro
reaktora su najzna~ajnije qudske gre{ke koje se ti~u ovog reaktora, te treba da budu unete u
reaktorske pro ce dure za slu~aj akcidenta, kao i u programe obuke tehni~ara koji za ciq imaju
poboq{awe bezbednosti reaktora.

Kqu~ne re~i: analiza qudske pouzdanosti, standardna analiza rizika kod elektrana,
.........................istra`iva~ki reaktor u Teheranu, analiza sigurnosti


