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C
ontrol R

oom
 M

odernization
•

A
ddresses obsolescence and reliability issues for the legacy I&

C
 system

s of the LW
R

 fleet.
•

I&C
 obsolescence is a potentially life-lim

iting issue for currently operating nuclear plants.
•

E
nables significant business im

provem
ent through the im

plem
entation of new

 control room
 

technologies –
im

proved operator perform
ance and reduced O

&
M

 cost.
•

II&
C

 Pathw
ay has unm

atched resources to conduct this research:  H
um

an S
ystem

s S
im

ulation 
Laboratory, H

um
an Factors and H

um
an R

eliability staff, operator perform
ance m

easurem
ent 

technology, nuclear plant design and operational experience.
•

H
ave m

ajor nuclear utilities as collaborators in this research –
partnering w

ith the II&
C

 Pathw
ay to 

m
odernize their control room

s as they undertake digital upgrades for their I&
C

 system
s.
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Plant O
verview

 D
isplays w

ith Inform
ation-R

ich G
raphics

•
W

orking w
ith H

alden 
R

eactor P
roject

•
Im

portant P
lant 

Param
eters

•
E

xploit hum
an 

capabilities to acquire 
inform

ation quickly
•

Im
prove collective 

situation aw
areness

•
R

educe operator 
w

orkload to m
onitor the 

plant
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Table 1. Phases and types of evaluation in the G
O

N
U

K
E process. 

 

 

 
E

valuation Phase 

 
 

Pre-Form
ative 

(Planning and 
A

nalysis 1) 

Form
ative 

(D
esign

1) 

Sum
m

ative 
(V

erification 
and V

alidation
1) 

Post-
Sum

m
ative 

(Im
plem

entation 
and O

peration
1) 

Evaluation Type 

E
xpert R

eview
 

(V
erification) 
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D

esign 
R

equirem
ents 

R
eview
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H
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System

 
V
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R
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ew
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U
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U
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V
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K
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C
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W
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O
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D
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O
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Perform
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[12] 
O

perator 
Experience 

R
eview
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             1C

orresponding Phases in N
U

R
EG

-0711. 
  1. Pre-Form

ative Verification: C
om

pleted prior to the design phase by expert review
. A

t this phase, the verification 
consists of expert input into the planning and analysis of the design. The hum

an factors expert m
ay review

 
design requirem

ents and provide prelim
inary design recom

m
endations. The hum

an factors expert m
ay also 

form
ulate an H

M
I style guide to shape the subsequent design phase activities. 

2. Form
ative Verification: C

om
pleted during the design phase by expert review

. Typical for this type of evaluation 
w

ould be heuristic evaluation, w
hich is an evaluation of the system

 against a pre-defined, sim
plified set of 

characteristics such as a heuristic usability checklist [15,16]. 
3. Sum

m
ative Verification: C

om
pleted after the design phase by expert review

. Typical for this type of evaluation 
w

ould be a review
 against applicable standards like N

U
R

EG
-0700 [17] or requirem

ents like the H
M

I style guide. 
4. Post-Sum

m
ative Verification: C

om
pleted after deploym

ent by expert review
. This activity involves ongoing 

m
aintenance of the system

 to applicable standards. H
um

an factors standards continue to evolve over tim
e as 

know
ledge about H

M
Is is refined and as new

 H
M

I technologies are invented. W
hile the system

 m
ay rem

ain 
essentially unchanged over long durations, it is advisable to be aw

are of the im
plications of changes in the 

standards. Even w
here the system

 is grandfathered to an earlier standard, any future change to the system
 w

ill 
likely ultim

ately require conform
ance to current standards. A

 periodic review
 of changes to standards and 

identification of gaps betw
een the system

 and those standards can ensure that the system
 rem

ains com
pliant and 

that upgrades and updates are unencum
bered by a standards com

pliance barrier. 
5. Pre-Form

ative Validation: C
om

pleted prior to the design phase by user testing. A
t this phase, a baseline 

evaluation should be com
pleted. A

 baseline is an evaluation of operator or system
 perform

ance at a given point 
in tim

e. A
 baseline m

ay be used to evaluate the usability and ergonom
ics of an as-built system

 such as a 
particular H

M
I in the control room

. B
aseline findings m

ay be used to catalog perform
ance for use in longitudinal 

trending (over tim
e) or to gather insights to inform

 the design of a replacem
ent system

. The baseline evaluation 
provides the basis for benchm

arking the new
 system

 against the existing system
. 

6. Form
ative Validation: C

om
pleted during the design phase by user testing. Typical for this type of evaluation 

w
ould be usability testing of a prototype H

M
I [18]. Form

ative validation is not typically a single evaluation (e.g., 
a single control room

 sim
ulator study) but rather a series of evaluations perform

ed in an iterative m
anner 
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BCM
 Present Value

Discount Rate (Internal Rate of Return):
10%

N
o. Years of Benefit:

15
years

Annual Benefit (Labor)
1.02

$             
m

illion

Annual Benefit (N
on-Labor)

0.65
$             

m
illion

Annual Benefit (KPI)
n/a

m
illion

Total Annual Benefit:
1.66

$             

First Year Realized Benefit:
3

Estim
ated N

et Zero N
PV Investm

ent:
$10.46

m
illion
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