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ROOT CAUSE ANALYSIS AT SAVANNAH RIVER PLANT 

By: 
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Mark Paradies 
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Aiken, SC 29808-0001 
Ph. (803) 557-9887 

Events (or near misses) provide imponant infonnation about ways 
to improve plant performance. Any particular event may have 
several ''root causes" that need correcting to prevent recurrence of 
the event and, thereby, improve the safety of the plant. Also, by 
reviewing a large number of events, one can identify cause uends or 
"generic concerns." A method has been developed at Savannah 
River Plant (SRP) to systematically evaluate events, identify their 
root causes, record the root causes, and analyz.e the root cause 
trends. By providing a systematic method to identify correctable 
root causes, the system helps the event investigator ask the right 
questions during the investigation. It also provides an independent 
.safety analysis group and management with statiStics indicating 
existing and developing trouble spots. 

DEVELOPING A BOOT CAllS£ ANALYSIS SYSTEM 

Although events at SRP's reactors were being investigated and 
reponed in "Reactor Incident" (Rl) reports, management and the 
independent safety evaluation groups were concerned that Rls didn't 
get to a level of detail that would allow correcting the event's root 
cause. Also, there was concern that the Rl cause coding system 
didn't allow analysis of event cause trends for areas of generic 
concern. Therefore, in November of 1985, the Reactor Safety 
Evaluation Division (RSED) began to study methods to determine 
and analyze the root causes of events. We tried to find a svstem 
already in use in the utility i11dustry that would meet our needs. 
However, we found little agreement on the definition of a root 
cause, much less on an accepted method to analyze it. This was 
especially true for root causes that invoived human error. Therefore 
we created a new system by starting with the best parts of several 
systems we had studied. 
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The fl.rst task in creatin:; this new root cause analysis system was to 
defme a "root cause." Our definition is: 

ROOT CAUSE: The most basic cause that can 
reasonably be identif1ed and that management has 
control tofu. 

The three key words in this defmition are basic, reasonable, and fix. 
To attempt to reach a basic level m an event, the investigator (or 
investigating team) keeps asking additional "Why'!" questions. 
However, there is onlv a limited amount of time and resources for 
any investigation, so the investi:;ator must decide when a rcasrmablc 
number of "Why'!" questions have been asked. This is where the 
word fix plays an important role. When the root cause level is 
reached, the fix that will prevent the event from recurring seems 
obvious. If an investigation stops before this level is reached (or if 
it isn't possible to reach this level due to the type of event) then the 
fu will not be obvious and may or may not prevent recurrence of the 
event. So if a fix is obvious. then the investigation is both basic 
enough and reasonable. If a fix is still uncenain, then the 
investigator and management need to decide if continued effon to 
fmd a root cause is worth the benefit of preventing recurrence of the 
event. 

Providing the investigators with a definition of a root cause was not 
enough to ensure that all the root causes were reached in a particular 
event. We wanted to give the investigators a fairly inclusive list of 
the types of root causes that they could find. We wanted to provide 
the list in an easy to understand format that would lead the 
investigator to the right answers. Therefore, we developed a root 
cause analysis system that staru with Events and Causal Factors 
Charting and includes a Root Cause Analysis Tree. 
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Inn!~ & Caysa! Factors Cbartin~ 

Events and Causal Factors Charting was developed by the National 
Transponation Safety Board (l\"TSB) to investigate tr.msponation 
accidents. l\"TSB thought that accidents wet:e really composed of a 
chain of events and to understand the acc1dent, the mvesugator 
needs to thoroughly understand the sequence: Therefore, they 
developed a time line display of the event showmg what happened 
(the ''events") and the immediate reasons why the events occurred 
(the causal factors). Figure 1 provides a simple example of a 
hypothetical event and causal factors chan. 

At Savannah River Plant, Events and Causal Factors Charting is the 
first step in the root cause analysis process .. Thi~ technique. helps 
the investigator see investigation inconsistencies and m1ssmg 
information. By providinf- an overview of the event, the 
investigator sees how multiple causes combine to trigger and 
propagate an event rather than fixating on a single event cause. At 
SRP the average event has 2.5 causes. Some events have had 10 or 
more causes, but these are ran:. 

When the investigator is satisfied with the events and causal factors 
chart, then he or she rev1ews the causal factors and determmes 
which causal factors, if removed, would have prevented the event 
from occurring (or would have significantly mitigated the event). 
For each of these causal factors the investigator analyzes the root 
cause(s) using the Root Cause Analysis Tree. 

Root Cause Analysj< Tree 

Irre Format: To make the system easy to use a tree format was 
chosen (F1gure 2). For this system, coding starts at the top of the 
tree with an event or a causal factor and proceeds down the tree as 
far as possible to the root causes at the bottom. I~ enough 
information isn't available to reach a root cause, the mvesugator can 
stop at a higher level in the tree (as the example on the far left of 
Figure 2 does). 

lop Codjnr Level: The ftrst branching in the. tree (top divisi?n 
of F1gure 3) agrees with the tendency for mvesugators to classify 
events as "operator" or "equipment" problems. Although operators 
can cause equipment failure and equipment can cause operat~rs to 
have difficulty, this somewhat arbitrary break gets the mdiv1~ual 
codin<- the event to the next step - determining the responsible 
dep~enL Other possible divisions at the top level include, 
I echnical Difficulty, Natural Phenomenon I Sabotage, and Other. 

Operation< Difficultv: Operations Difficulty de~cri~es problems 
encountered m operating the planL The category OIV!Oes the causes 
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between the responsible departments. The second division in Figure 
3 shows the division of Operations Difficulty into two SRP 
departments (Reactor Operations Department and Power 
Department). When reviewing large numbers of statistics, this 
division allows determination of the department responsible for 
generic corrective action .. 

Basic Cayse Cnteron: Figure 5 shows the Basic Cause 
Catef!ory, Near Root Causes, and Root Causes for procedure 
problems (Figure 4 shows all the Basic Cause Categories). This 
hierarchical format guides the investigator to greater levels of detail 
in the investigation, allows stopping at a high level if more details 
are impossible to find, and provides correctable causes if the root 
cause level is reached. 

Whole Tree: F1gures 3 and 4 are the SRP Root Cause Analysis 
Tree. To make the tree easy to use, the tree was arranged it to fit on 
one piece of paper (front and back). The department level codinf is 
for actual Savannah River Piant departments. 

R OOI C AJlS£ A f\' ALYSJc;; EX A ~1PLE 

A simple example demonstrates the usefulness of the tree. Staning 
with the causal factor from Figure 1, the investigator can find the 
root cause(s) of the operator failing to close the proper valve. 

Starting at the top of the tree. the investigator could easily see that 
the problem was related to an Operauons Diff1culry and that the 
operator was from the Reactor DepanmenL The question remaining 
would be which of the seven Basic Cause Cate!'ories (Procedures. 
Communications. Huma;-. Factors. Trruning. Manaf!ement System, 
lmmed.late Supervision. or Quality Conrrol) were involved. Using 
the tree, the mvestigator might fmd the foiiowing: 

Training: Tne operator was well trained and 
understood the job. 

Immediate Supervision: The operator was clearly 
assi;ned to the JOb. 

Communications: Both individuals (the operator 
setting up for the test and the I&C technician who 
performs the test) were on the same step in the 
procedure and no rruscommunication had occurred. 

Human Factors: Tne valve was appropriately labeled 
and the label matched the vaive descnption m the 
procedure. 

Procedures: The operato;- and the technician were 
using the required piocedure. 
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Procedures (Continued): The procedure was accura~ 
and included a step to shut the appropria~ valve 
before the rest was performed. 

However, the procedure was written in paragraph 
format 50 that multiple action steps were buried in a 
paragn~ph of information. This type of format is 
known to cause s~ps 10 be missed as the operator 
tries to read the paragraph and perform all the s~s. 

Once the investigator finds this problem (Figure 5 under 
Procedures- Followed Incorrectly- >1 Action Per Step), the fix is 
obvious: rewri~ the procedure with only one action per step and a 
checkoff box for each action. This helps the operator avoid 
likipping steps. (The operator can still skip a step, but the 
probability of skipping as~ is greatly reduced.) Therefore the tree 
has helped lead the investigator to a fiXable root cause. 

At this point in the investigation two questions still remain. First, 
are more barriers needed to this event? Second, is this an isolated 
problem or is upgrading needed for all procedures? Both questions 
can be answered by reviewing the operating history data base. If 
these or similar events have occurred too frequently (the term "too 
frequently" needs to be defined by management) then more 
programmatic action (example: revising all procedures that could 
lead to similar failures and adding a person to second check valve 
line-ups and switch positions) should be taken. 

ACCEITANCE AND JlSE OF THE TREE 

The Savannah River Plant root cause analysis system was developed 
· to provide operating performance feedback for management. 
However, some of the managers at SRP were skeptical. They 

. wondered why the "responsible individual" wasn't identified and 
why there wasn't a category for "operator's job performance 

· substandard" or "operator just goofed up." 

Our reasoning is that over 80% of all events in a complex system 
(such as nuclear power plants) are caused by "system" problems 
over which operators have no control, but management can fl.x. The 
other events (less than 20%) are strictly human failures. Some 
human failures can be corrected with good supervision and 
management, others are impr.tctical to control. The SRP root cause 
analysis system was designed to attack the larger, more easily 
flx.able category. 

This does not mean that •upervi&ion and manat:ement •hould 
abandon cffons to reduce human failures; it ju5t means that our 
syfitem was not designed to affu blame. However, we have already 
5een that when all the "system caused" errors have been eliminated 
as possibilities, the human caused errors become more evident and 
are, therefore, easier to identify and correcL 

This root cause analysis system is now being used for every Rl 
(renamed Reactor Event Report when this system was implemented) 
at the three SRP production reactors (about 200 Rls per year). It is 
also being used for selected significant events in the chemical 
processes at SRP. ln addition, Arkansas Nuclear One is usin~ the 
system as the center of their scram reduction program, Louisiana 
Power & Light (Waterford 3) is usin~ the system for their Non­
Conformance Reports and as an input for a pro!!rarn they have 
developed 10 predict their SALP scores, and the BWR Owners 
Group Scram Reduction Committee has selected the system to use 
for their scram reduction effort. 

CO!SCLJ!SJQN 

Although SRP doesn't have 10 years of data to show a long term 
decrease in the number of events, the proven ability of this system to 
fmd correctable causes will eventually produce a long term reduction 
in events by reducing the number of "system caused" errors. We 
are convinced that this will significantly improve reactor safety and 
is well worth the effort. 
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