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Overview of North Texas Municipal Water District
Root Cause Analysis Techniques
Total Coliform Violation Occurrence
Investigational Results



Located in Wylie, Texas
Created in 1951 as a Special District to Provide 
Water Service
13 Member Cities, 49 Customer Cities
Provides water to over 1.6 million people
Average 300 MGD



TNI Accredited
Staff of 25
Drinking water, Waste water, Pretreatment
Performs ~ 200,000+ tests per year

16,000 total coliform samples per year



2009 TNI Standard, Volume 1, Module 2



ID Nonconformance
Immediate Correction
Root Cause AnalysisRoot Cause Analysis
Corrective Action
V ifi ti /Cl tVerification/Close‐out
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There are lots of complex tools in the world of 
“M t S t ”“Management Systems”

Cause and Effect diagrams (CED)
I t l ti hi di (ID)Interrelationship diagrams (ID)
Current Reality Trees (CRT)
Praedo Charts (PC)Praedo Charts (PC)
Five Whys
and more…and more

Tip:  Watch out for Analysis to Paralysis



Cause And Effect Diagrams (CED)Cause And Effect Diagrams (CED)Cause And Effect Diagrams (CED)Cause And Effect Diagrams (CED)
Informally called the fishbone diagram
Easy to use 
Works best when the problem is well defined
Tends to be difficult to determine the true root 
cause
Can get very complicated





Similar to Cause and effect diagrams

Used for reliability and safety analysis

Uses Boolean logic and flow charts (and/or paths)

Includes risk assessmentIncludes risk assessment

Qualitative and quantitative analysis



Fault Tree Analysis Example 



Used to identify and classify relationships
Non‐linear approach
Arrows show direction of cause to effect
Relationships are numerically weighted
Root cause determined by numeric valuey





Allows for interrelationships and 
i t d d finterdependence of causes
Starts with effect, works downward with if‐then 
l ilogic
Complex and rigorous logic
Time consuming
Generally well defined root cause





Five Why SequenceFive Why Sequence

Most commonly used for simpler problems
Easily implemented with small group
Minimal time
Linear cause and effect
Gives single root causeg
Ask why 5 times
“Problem Description” occurred due to “Fifth Why”. This was caused by 
“Fourth why” mainly because “Third Why” was allowed by “Second 
why”, and this led to “First Why”. 



20/80 Rule
Prioritizes problem solving
Builds on root cause analysis



d llNTMWD Customer City required to collect 150 
TCR samples per month
I A il 2011 10% f h l i i fIn April 2011, 10% of the samples were positive for 
total coliform. Average chloramine residual was 2.4 
mg/lmg/l

4/20 – 2 of 10 samples
4/25 ‐ 5 of 10 samples/ p
4/26 – 14 of 28 samples



C t Cit St ff
XYZ Laboratory

Customer City Staff



Brainstorm all potential causes
Man

hMachine
Materials
MeasurementMeasurement
Environment (Mother Nature)



MeasurementMachineEnvironment

Positive 
Total 
Coliform
Samples

ManMaterials



Was the cause due to a lack of training (the person was 
unaware of a procedure/process because he/she was never 
trained)?  Not a ed)
Ineffective training (the person was trained, but still does not 
understand the procedure/process)? 
W th d t l i t t d? Yes

Maybe
Was the document properly interpreted?
Did the recipient understand the information? 
Was too much judgment required to perform the task? 

Yes

No
Yes

j g q p
Were guidelines for judgment available? 
Are there distractions in the workplace? 
f f

No
No

NIs fatigue a mitigating factor? 
How much experience does the individual have in performing 
this task?  Licensed operator with 1+ yrs experience

No

Licensed operator with 1+ yrs experience



Any changes in chlorine or pH?
Were the sample collection procedures unclear, 

No

incorrect, conflicting or ambiguous?
Were the sample analysis procedures unclear, 
incorrect conflicting or ambiguous? No

Yes

incorrect, conflicting or ambiguous?  
Were samples collected using aseptic technique?
Were samples transported properly? Not always

Yes

No

Were samples transported properly?
Were all positive samples collected by the same 
person? Yes

Not always

p
Were all samples analyzed in the same batch?
Were samples analyzed with samples from other 

No

customers? Yes





Was the water bath at the appropriate 
temperature? Yestemperature? 
Was water bath a source of contamination?
Was incubator working properly?

Yes
No

YesWas incubator working properly?
Any operational changes / disruptions in the 
distribution system?

Yes

Nod st but o syste ?
Any operational changes / disruptions at treatment 
plant? No



Were sample containers sterile?  Yes
Were sample containers stored properly?
Were gloves used for sample collection? 

Yes
Yes

Were gloves stored to prevent contamination?
Was the Colilert 18 © media contaminated?

No
No

Did samples come in contact with other potentially 
contaminated surfaces? Maybe



Sterility checks on bottles 
kok.

Colilert media responded 
tl t / t lcorrectly to +/‐ controls.

9 out of 10 gloves positive 
f t t l liffor total coliform.



Were samples from same area of town?
Were sample taps disinfected properly? Maybe

No
Were sample taps disinfected properly? 
Were samples transported in an iced 
cooler ? Yes

Maybe

Were samples protected from potentially 
contaminated ice?

l d d
Not always

YWere samples protected during transport?
Was laboratory bench disinfected prior to 
analysis?

Yes

Yesanalysis?
Was sample transport cart disinfected? Yes

Yes



Surfaces swabbed & found 
i f l lifnegative for total coliform

Laboratory transport cart
bLaboratory counter

Incubator
S l l d fSamples analyzed from:

Water bath
C l iCooler ice water



MeasurementMachineEnvironment

Disinfection of

Sample 
transportation

Contact w/ice

Ambiguous 
collection SOP

Positive 
Total 

Disinfection of 
tap

collection SOP

Coliform
SamplesIneffective 

Training
Potential contact 
w/ contaminated

ManMaterials

w/ contaminated 
materials



h l h hl1. Why were sample taps not thoroughly 
disinfected?
h d d f bl h

SOP did not specify a minimum bleach concentration and contact 
time

2. Why did SOP not specify a minimum bleach 
concentration and contact time?

3 h l i i l d

SOP author did not consider 
the details

3. Why were samples inconsistently transported 
in a manner to prevent direct contact with 
ice/water?Sample collector did not understand potential forice/water?

4. Why were gloves stored under truck seat?
5 Wh did l ll d d

Sample collector did not understand potential for 
contamination

See above

5. Why did sample collector not understand 
potential sources of total coliform 
contamination?Training program did not include sources of total coliformcontamination?Training program did not include sources of total coliform 

in the environment and potential sources of 
contamination.



Symptom: Contaminated gloves and samples
Root Cause: Ineffective training that failed to g
address sources of total coliform in the 
environment and potential for contamination
Correction: Removal of contaminated gloves 
and consistent transport of sample in cages in 
coolers.
Corrective Action: Modification of training 
program to include sources of total coliform in 
the environment with emphasis on 
i i i ti f t i timinimization of contamination.



Use Root Cause Analysis to help correct the 
d l i bl d t j t th tunderlying problem and not just the symptoms.

Root Cause Analysis is applicable outside of the 
l b tlaboratory.
Root Cause Analysis is suited for triggered 
A t i d d th dAssessments as required under the proposed 
Revised Total Coliform Rule 



Elizabeth Turner, REM
Laboratory Manager

North Texas Municipal Water District
eturner@ntmwd.com


