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A HUMAN RELIABILITY ANALYSIS OF THE UNIVERSITY 
OF NEW MEXICO'S ACN-20IM NUCLEAR RESEARCH REACTOR' 

Gregg p. Brumburgh 
Nuclear Systems Safety Program (NSSP) 
Lav. rence Livermore National Laboratory 
Livermore, CA 95440 

I. ABSTRACT 

During 1990-91, a probabilistic risk assessment was 
conducted on the University of New Mexico's AGN-201M 
nuclear research reactor to address the risk and consequence 
of a maximum hypothetical release accident. The 
assessment indicated a potential for consequential human 
error to precipitate this scenario. Subsequently, a human 
reliability analysis was performed to evaluate the 
significance of human interaction on the reactor's safety 
systems. This paper presents the results of that investiga
tion. 

II. BACKGROUND 

The AGN-201M nuclear reactor has served the 
Univeisity of New Mexico and its students in an educa
tional tool since 1966. Although it was originally located 
in a remote site, the surrounding area of [he reactor is now 
heavily populated. Partially due to a concern over the 
safety of the facility and its potential risk to the sur
rounding environs, a probabilistic risk assessment was 
performed. The objective of this assessment was to iden
tify the risk associated with a maximum hypothetical 
release accident (MHRA). 1 , 2 The scope of this study 
included modeling of human error probability, identifica
tion and determination of the radiological source term, and 
an environmental impact evaluation. 

This work wis performed under the auspices of the U.S. 
Department of Energy by Lawrence Livermore National 
Laboratory under contract no. W-7405-Eng-48. 

The University of New Mexico provided both manpower and 
equipment resources to support the successful completion of 
this project. 

A. Sharif Heger 
Department of Chemical & Nuclear Engineering 
The University of New Mexico 
Albuquerque, NM 87131 

A. Description 

The AGN-201M reactor, located Qn the University of 
New Mexico campus, is a small homogeneous thermal 
reactor manufactured by Aerojet General Nucleonics. The 
reactor is comprised of an enriched UOj core, polyethylene 
moderator, graphite reflector, lead and water shielding, and 
utilizes both safety rods and control rods. The reactor 
power is controlled by inserting and withdrawing the 
control rods which contain enriched uranium fuel. It 
utilizes a passive cooling system. Heat generated by the 
reactor is conducted into die reflector and the surrounding 
water shield. The confinement ventilation system, 
designed to operate continuously, passes air through two 
parallel HEPA filters and provides a positive pressure 
environment to the nuclear engineering laboratory. The 
experiment facility is regularly used for reactor operation 
training and student laboratory experiments at thermal 
power levels of 5 watts or less. 

B. Methodology 

The process used for this analysis followed the proce
dure outlined in NUREG/CR-4772 entitled "the Accident 
Sequence Evaluation Program Human Reliability Analysis 
Procedure" (ASEP HRA). 3 The ASEP HRA 
methodology is a simplified HRA approach and is 
separated into different guidelines for pre- and post-accident 
tasks. Pre-accident tasks considered were those which if 
performed incorrectly could result in the unavailability of a 
system. Post-accident tasks evaluated were those which 
aided die facility in reluming to a. normal state of 
condition after an anomaly. 

1. Pre-Accident Methodology - This procedure 
outlines a simplified model of human behavior for pre-



accident tasks. It concentrates on restoration errors and 
assigns a generic basic human error probability (BHEP, ihe 
probability that an error will occur when a given task, 
which is not influenced by a previous task, is performed) 
that can be used for all pre-accident tasks as well as rules to 
reassess it through credit for recovery factors (RF, actions 
or features that limit or preclude the undesirable 
consequences of human error); dependence (the circum
stance in which the probability of failure of an activity is 
different, depending upon the success or faiiure of another 
activity); and, analysis of the facility Administrative control 
procedures and their implementation. 

2. Post-Accident Methodology - This methodology 
employs a simplified version of the diagnostic model from 
NUREG/CR-1278.4 The most important simplifications 
involve parceling the estimated total lime available for 
coping with an abnormal event into artificially independent 
parts and assuming there is only one correct sequence of 
activities for coping with any specified post-accident 
sequence. 

III. ANALYSIS 

The focus of this analysis was to evaluate the signifi
cance of human interaction on identified safety systems and 
its effects on their availability to mitigate accident 
sequences. This process was divided into two stages: the 
pre-accident development and the post-accident develop
ment. The information needed in these sections to gain an 
understanding of the reactor operator tasks and to identify 
potential human error was gathered during a facility 
familiarization analysis. 

The estimated HEPs used in this analysis are assumed 
to represent a median value on a lognormal distribution of 
HEPs and their associated error factors (EF). For EFs 
estimating total failure probabilities that are based on 
several HEPS, their values were extracted from tables 
located in Chapter 7, NUREG/CR-4550.5 

A. Pre-Accident HRA Development 

This portion of the analysis consisted of six (6) tasks: 
critical man-machine interface identification, critical 
systems' identification, BHEP assignment, dependence 
effects determination, RF identification, and the nominal 
(most accurate estimate of the failure probability as 
opposed to a conservative estimate) HEP determination. 

The pre-accident, critical man-machine interfaces 
considered were routine and corrective maintenance, cali

bration, surveillance tests, and restoration (i.e., Uie re
luming of components and systems to their normal condi
tions following maintenance, calibration, or testing). 
Most important were those activities performed under non-
accident conditions by operations, instrumentation and 
control, and maintenance personnel where restoration errors 
were possible. Additionally, numerous performance 
shaping factors (PSFs, any factor that influences human 
behavior) were identified. 

Each specified safety system was analyzed for 
components requiring maintenance. For each component 
denoted, the evaluation of the operator failure to perform 
the required task was considered. All activities associated 
with performing each task were identified as were the 
systems requiring realignment after testing. 

A BHEP of 0.03 was given to each activity. This is a 
combination of a generic HEP of 0.02 messed for an error 
of omission (EOM) and a generic HEP of 0.01 assessed for 
an error of commission (ECOM). 

The final step of the analysis determined the nominal 
human error probabilities (NHEP) and their distributions 
for each system. This was accomplished through 
modification of the BHEP from the effects of dependence 
and recovery actions available to the reactor operator or his 
supervisor. A conservative approach was taken to assess 
the effects of the RFs on the BHEP. First, each RF was 
applied to the 0.03 value rather than separately for the 
ECOMs and EOMs. Second, the number of RFs 
considered was limited. Finally, each RF was treated 
independently of the number of components so as to be 
counted only once. 

B. Post-Accident HRA Development 

This step determined the post-accident tasks required to 
be performed by operations personnel to reduce or 
eliminate a facility interruption. They were divided into 
two types: diagnosis tasks and post-diagnosis tasks, both 
of which are intended to maintain or ensure Ihe prevention 
of a release once some abnoimai event has occurred. 

Diagnosis involves defining every action required to 
contend with an interruption in the facility's normal 
operating conditions. It requires the operator to: ac
knowledge the occurrence of a facility interruption; identify 
Uie influential systems or components whose staius can be 
adjusted to mitigate the interruption; and, perform the 
correct actions on the system or components to diminish 
or terminate the interruption within a specified lime period. 



The developmental steps for this process include: 
developing the accident sequence; determining sequence and 
cut set timing; identifying potential RFs; determining 
available operator time and operator performance time; 
determining diagnosis time; determining operator stress 
level; and, calculating die total failure probability foi each 
post-diagnosis task under investigation. 

IV. PRE-ACCIDENT HRA RESULTS 

A total of seven (7) systems, along with their asso
ciated tasks and activities, were identified as being critical 
to the MHRA scenario.6 They consisted of: the core tank 
integrity failure (CTIF) initiating event group, die reactor 
protection system (RPS). the thermal column seal (TCS), 
the normal ventilation system (NHV), the emergency 
ventilation syslem (EHV), the remote area monitors 
(RAM) system, and the portable detectors (PD). The pre-
accident analysis results of these systems are documented 
in Table 1. The NHEP values were used to quantify the 
human error elements of these seven front-line systems' 
fault trees. The supporting documentation for the 
development of the NHEP values and their error factors are 
located in reference 6. 

Investigation of Table 1 shows that, with the excep
tion of the CTIF initiating event group, the human error 
probability values are not significant. Yet four of the 
seven systems were identified as scries systems. Thus, the 
failure of any one component renders that complete system 
unavailable. Additionally, the four systems (CTIF, TCS, 
EHV, and PD) do not possess any recovery factors. 

The large NHEP value for the CTIF initiating event 
group (0.12) is the consequence of Uiree items: no recovery 
factors, high dependency effects due to its status as a series 
system and, having more than one component which must 
be manipulated. For die NHV and EHV systems, their 
BHEP is favorably modified Uirough a large recovery 
action potential and for being a parallel system, 
respectively. Their human error probability values can be 
considered negligible. 

V. POST-ACCIDENT HRA RESULTS 

Through the syslem modeling analysis, any post-
accident operator action required for the system to suc
cessfully function when demanded was specified and added 
directly to the fault tree. A total of three (3) operator 
recovery actions (ORA) were identified which could either 
reduce or eliminate an abnormal event: 

1) manual reactor scram; 
2) observation of the PD; and, 
3) manual EHV activation. 

University of New Mexico standard operating pro
cedures direct the reactor operator to immediately scram the 
reactor upon any annunciation or abnormal event occurring 
during normal operations. Accordingly, no diagnosis is 
required. An investigation, incorporating both personnel 
interviews and visual assessments, confirmed the reactor 
operator's adherence to this •Sitective. Consequently, 
ORA 1 (manual reactor scram) can be considered a post-
diagnosis task. ORAs 2 and 3 are diagnosis tasks. The 
post-accident analysis results of these ORAs are 
documented in Table 2. Reference 6 contains the 
supporting documentation for this table. 

The basic accident type for all 3 ORAs is the CTIF 
with a subsequent loss of fission products. The accident 
sequences under investigation, for ORA 1 and 2, involve 
the TCS failure. For ORA 1, the operator is aware of an 
anomaly and must activate the RPS to reduce fission 
product production and terminate the accident sequence. 
Under ORA 2, the operator is unaware of the accident due 
to the RAM failure and must observe die PD to diagnose 
the accident and take appropriate actions. For ORA 3, die 
RPS has not been activated, die TCS and NHV have failed, 
but die operator is aware of the accident. This results in a 
failure to hall fission product production and their 
subsequent release to the reactor facility environment. To 
correct, the operator must actuate the EHV. 

The sequence and cut set timing results are depicted by 
To, T,,, T m , T a, and T d (items 2 Uirough 6, respectively). 
The time difference between me CTIF initiator event to a 
dose rate buildup of < 10 mrem/hr is represented by T 0. 
This is the radiation level at which the RAMs trigger. 
Based on die source term analysis, the time at which die 
operator is aware of a core tank failure and fission product 
release is less than S minutes2 The maximum time, 7n, 
available for die operator to accomplish all 3 ORAs to 
prevent a radioactive release (for an instantaneous MHRA) 
was estimated at two hours. This assessment was 
calculated through an assumed maximum dose limit of 100 
mrem for UNM personnel. The maximum time, T m , 
available for die operator to perform die identified operator 
activities is die difference between T,, and T 0 which is 1 IS 
minutes. The lime it takes die operator to perform die 
activities required for each ORA is expressed by T,. This 
lime is a combination of die estimated time needed to 
travel to a particular location and die time necessary to 
perform die required action once a diagnosis of an initiating 



event has been made. For ORAs 1 and 2, no travel is 
involved, and for ORA 3, the travel time is I minute. The 
performance time for each ORA was estimated at less than 
one minute. Therefore, T a for ORAs 1 and 2 was 
calculated to be less than 1 minute and less than 2 minutes 
for ORA 3. The final step of this portion of the analysis 
was to determine the estimated time available to the 
operator for a correct diagnosis. This period is long 
enough to permit sufficient time to perform required post-
diagnosis actions within the total allowable time. This 
time, Td, is Ihe difference between T m and Ta. Note that 
T<j for ORA 1 does not apply for the reason described 
earlier, but was calculated to maintain completeness. 

The final segment of the post-accident analysis 
involved the calculation of the total human error 
probability. The steps required to determine the HEP 
values for each accident initiator the operator must 
diagnosis included classifying each task activity as step-by-
step or dynamic, assessing each task as either being 
performed under moderately high or extremely high stress 
levels, and calculating the total HEP for each task. 

Classification of the task activities required determina
tion of the operator behavior as rule- or skill-based. Each 
ORA was designated as a dynamic task since the emer
gency operating procedures (EOP), although existent, were 
not well-designed or written. Specifically, the initiator in 
question was not covered in the EOP. Furthermore, since 
the control room personnel were not trained in the use of 
symptom-oriented EOP, the operators would tend to rely 
upon what was committed to memory ralher than 
consulting the EOP. 

An extremely high stress level is assessed if the 
maximum time available is less than 2 hours or if more 
than 2 primary systems fail. Accordingly, since T m is less 
than 2 hours, an extremely high stress level should be 
assessed for the ORAs. Since T m is, however, very close 
to 2 hours and the fact that an extremely high stress level 
is associated with the feeling of threat to the well-being of 
the individual, their self-esteem, or Uieir professional status 
(which are ingredients this accident does not contain), the 
stress level was reduced to moderately high. 

The total human error probability, HEPt, was deter
mined from 3 values: HEP o p, the original operator HEP; 
HEPT2. supervisor fails to correct operator HEP; and, 
HEPr3, third independent check/correction HEP. Table 
7.3-14 of Reference 6 was used. For HEPop, a moderate 
stress with a dynamic action yielded a value of 0.0S with 
an EF of 5 for each ORA. For HEPr2 and HEPr3. a 

moderate stress with a dynamic action yielded a value of 
0.5 with an EF of 5 for each ORA. Thus, the HEPt for 
each ORA was equal to 0.012S with an EF of S. 

VI. SUMMARY 

The importance of the human error factor to induce a 
radioactive release accident for (he AGN-201M nuclear 
reactor was emphasized in this assessment. The process 
used in this analysis followed die procedure outlined in 
NUREG/CR-4772 "the Accident Sequence Evaluation 
Program Human Reliability Analysis Procedure."3 From 
the pre-accident HRA analysis, a total of seven (7) systems 
were identified as being critical to the maximum 
hypothetical release accident scenario.6 Of these, the CTIF 
initiating event group contained the most prominent 
NHEP (0.12 EF 5). 'Since the CTJF was the only initiat
ing event group in the MHRA scenario, and its probability 
of failure was dominated by human error, it can be 
concluded that human factors contribute a significant role 
in the probability of an accident occurring. 

In the post-accident HRA analysis, three operator 
recovery actions (ORA) were identified which could cither 
reduce or eliminate the accident sequence. It was 
determined that due to the standard operating procedures of 
the University, which directs an immediate scramming of 
the reactor upon the onset of an abnormal occurrence, 
manuai scram of the reactor was considered strictly a post-
diagnosis task. This aided the reduction of its HEP value. 
It was determined that each ORA was a dynamic task and 
placed a moderately high stress level on the operator. This 
combination yielded a total human error probability value 
of 0.0125 with an error factor of 5 for each ORA. 
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Table 1. Pre-Accidcnt HRA Results 

SYSTEM TASK COMPONENTS 
SERIES/ 

PARALLEL BHEP RF NHEP EF 

CTIF 
Failure 10 
Restore 4 Series 0.03 1 0.12 5 

RPS 
Failure to 

Set 1 Series 0.03 1 x 10- 3 3 x lO"5 16 

TCS 
Failure to 
Restore 3 Parallel 0.03 1 2.7 x 10-5 5 

;«JHV 
Failure to 
Restore 6 Series 0.03 -1 x 10-1 1.8 x lO"8 1 

EHV 
Failure to 
Restore 4 Parallel 0.03 1 8.1 x lO"7 5 

RAM 
Failure to 

Restore 4 Parallel 0.03 1 8.1 x 10-7 5 

PD 
Failure to 
Place in 

Operation 
2 Series 0.03 1 6X10- 4 5 

Table 2. Post-Accident HRA Results 

Action 
(1) 

To 
(2) 

TIT 
(3) 

Tm 
(4) 

Ta 
(5) 

Td 
«>> 

Task 
Type 
(7) 

Stress 
Level 

(8) 

HEPop 
(9) 

HEP.2 
(10) 

HEP t 3 

(11) 
HEPt 

(12) 

ORA1 <5 min 2hr IIS min <1 min 114 min Dynamic Moderately 
Hinh 

0.05 EF5 0.5 EF5 0.5 EF5 0.0125 EF5 

OR A 2 
< 
5 min 2hr 115 min <1 min 114 min Dynamic Moderately 

Hiuh 
0.05 EF5 0.5 EF5 0.5 EF5 0.0125 EF5 

OR A 3 <5 min 2hr 115 min <2min 114 min Dynamic Moderately 
Hieh 

0.05 EF5 0.5 EF5 0.5 EF5 0.0125 EF5 


