
Last Updated:  5-12-15

Team:  
Tom Marko (Team Leader)          Sandra Alvarez 

Odalys Bello           Miguel Pichardo            Nicholas Brooks

Green Belt Project Objective:
To Reduce the Time from Pre-Construction 

Meeting to Water Meter Set

Six Sigma DMAIC Improvement Story

Water & Sewer Dept. (Sponsor)

Crystal Clear



Lean Six Sigma Problem Solving Process
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The team utilized the 5-Step DMAIC problem solving process. 



Identify Project Charter
The team developed a team Project Charter.
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1.
2.



Develop Project Timeline Plan
Legend:

= Actual
= Proposed

The team developed a timeline plan to complete the Project.
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4.
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Monitor Team Progress

Team identified an indicator; 
developed a Flowchart and a 
Spreadsheet

The Team and Management used a Checklist to monitor team progress.
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Histograms, Flowchart Stratification, 
Paretos,   Flowchart,  Problem 
Statement

Single Case Bore, Fishbone, Root 
Cause Verification Matrix

Countermeasures Matrix; Barriers and 
Aids; Action Plan

Before and After Line Graph; 
Proposed Flowchart

Process Control System;

Lessons Learned



Review Process Flow Chart

The team 
next looked 
closer how 
to capture 
indicator 
data.

The team 
constructed 
a Process 
flow chart 
describing  
the Process.
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Hidden Costs of Late Water Meters Set
The team identified costs of late Water Meters Set.
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Annual Cost

Annual Costs = $ 1,162,134

2) County resources handling Inquiries and complaints
(Est # of Inquiries per late Project per week)X (# of late Projects) (Avg # of 

Weeks Late) =  (1 call per week)X(10 weeks late)X (1hour time) X ($25 per 
Hour)X( 300 projects per year)= ………………………………………….$75,000 

3) Tax revenue lost for delay in Commercial Businesses opening
(# of Projects)X (1/6 of projects affected)X(Tax Rate)= 

(300)X(.16)X( $15,000)= ……………………………………………………$750,000

1) Lost Revenues due to late Meter installations 
Avg. Days Late (69.8) X Monthly Avg. Rate/30 [(48.11/30)=1.61] X # of meter sets 
(3,000) = ……………..……………………………………………………..….$337,134

Does not include dissatisfaction from customer, Developers and contractors
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Identify Data Collection Needs
The team developed a data collection spreadsheet…

8Define Measure Analyze Improve Control

WASD Construction Process Status Summary
BCB
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Review Selected Indicator

The team next looked closer at the gap.

Q1- # of Days FROM Pre-Construction meeting TO Water Meter Set

The team collected Q1  indicator data and reviewed performance trends:
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Target = 150 Days
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3.

Avg= 219.8



Stratify the Problem
The team stratified sampled Set Meters using a histogram and found…
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The team looked closer at comparing the Late to the Timely Set meters.

… 335.
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49 Water Meters Set timely and 
averaged  114 Days…

54 Water Meters Set late 
(>182 days) and 

averaged  315.7 Days



Stratify the Problem
The team compared the LATE Set Meters to the TIMELY Set Meters and found 2 
Areas of BIG differences….…
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Because WASD has more control after As-built approved the team decided to look 
more closely at the P4,  P5 and P6 steps that totaled 82.8 days difference, given 
that WASD staff have more control in these steps than P2.
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1) Construction start 
until last As-built 
submittal and…

2) As-built Approval to 
Water Meter Set



Stratify the Problem
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The team looked closer at these 40 Projects.

The team stratified the 54 projects for P4  thru P6 Steps using a histogram and 
found……
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5.

40 Projects took over 40 Days (And 
Averaged 133.7 Days)to complete Final 
Inspection, Conveyance and Set Meter



Stratify the Problem (Continued)
The team stratified the the 40 Projects many ways and found…
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Problem Statement#1: “28 Residential/Commercial Water Meters were Set Late (>182 
days) from 2/1/13 thru 11/30/14 and all took  >40 days (and averaged 133.7 Days) from As-Built 
Approved to Water Meter Set”

28 (70%) Projects involved 
Residential/Commercial 

Development

Define Measure Analyze Improve Control

5.,6.,7.,8.

Problem Statement#2: “54 Construction Projects took 83.6 longer than on-time projects
to submit final As-Builts”



Single Case Bore Analysis
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Identify Potential Root Causes
The team reviewed 28 Project documentation before conducting Single Case Bore Analysis.
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The team next looked closer at these  5 factors.
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9.

B
A

C

D

E



Identify Potential Root Causes
The team completed Cause and Effect Analysis and found…

The team next looked to verify these five (5) Potential Root Causes.
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9.,10.

# 1: “28 
Residential/
Commercial 
Water Meters Set 
Late (>182 days) 
from 2/1/13 thru 
11/30/14 all took  
>40 days (avg 
133.7 Days) from 
As-Built 
Approved to 
Water Meter Set”

#2:  “54 
Construction 
Projects took 83.6 
longer than on-
time projects to 
submit final As-
Builts”

Problem 
Statements

Fishbone
Cause and 

Effect Diagram

= Potential Root
Cause

More Complex work requires more time to 
address rework of both Water/Sewer as-builts

A- Water And Sewer 
Extensions (75%)

C- Linear Feet 
< 500 Feet (64%)

E – Customer Not Ready, 
Initial Meter Rejected (39%)

Sub contractors bid/perform 
smaller projects and are less 

aware of standards  

D- Customer Did Not request 
Meter to be Set (57%)

County requirements are 
not consistently passed 
along to Sub contractors 

Customer unaware of the 
procedure for requesting Meter set

Meter Set Information was only 
provided at conveyance

As-Builts submitted were incorrect or 
had missing items

Persons submitting As-Builts 
were unaware of incorrect items

B- ROW-ASBUILT Submitted 
2 or 3 times (68%)

County not aware 
facilities not ready

Facilities not ready 
for meter to be set

As-Built Review needs updating, to 
include electronic processing

E

Current As-Built review Process requires 
multiple reviewers at different offices

Meter set procedure is not consistently 
passed along to appropriate parties

As-built requirements were not well 
understood at time of submittal 

As-built requirement Communication 
Method is insufficent 

Water and Sewer As-built 
requirements were not applied initially 
and required more time to Prepare

As-built requirement Communication 
Method needs enhancement

Water/Sewer Reviews take more time
Method for 

communicating 
standards to Sub 
contractors needs 

improvement

Information required for meter set 
provided to customer needs 

improvement

Standards for telling us 
the facility is truly ready for 
meter set needs 
improvement



Verify Root Causes
The team collected data to verify the root causes and found….

16
…all five (5) were validated as root causes.
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11.,12.



Identify and Select Countermeasures

The team selected 8 countermeasures for possible implementation.

The team brainstormed many countermeasures and narrowed them down to these for evaluation:
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13.,14.



Identify Barriers and Aids

The team next sought to incorporate this analysis into the team’s Action Plan.

The team performed Barriers and Aids analysis on the selected Countermeasures.
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15.



Develop and Implement Action Plan
Legend:

= Actual
= Proposed

The team implemented an Action Plan for the team’s Countermeasures.
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16.
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Q1- # of Days FROM Pre-Construction meeting TO Water Meter Set

Target = 150 Days

Avg= 219.8

Review Results

The team was encouraged by the results and will continue to monitor  the countermeasures.

The team collected indicator data and reviewed performance trends:
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We improved 
to XX%!

Countermeasures starting 
in May/June 2015
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Standardize Countermeasures
The team 
incorporated the 
improvements
into the Process.

21

21.,22.,23.



Implement Process Control System
The team developed a Process Control System to better monitor the process on-going.

The team looked ahead to the future.
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21.,22.,23.



Identify Lessons Learned
Lessons Learned

3) Proper Process Documentation was very important as it allowed sampling a 
smaller set of data to problem solve.
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Next Steps
1) Monitor implementation of Countermeasures and WASD Performance 
indicators.

1) Root cause identification is essential if one is serious in improving Performance

Define Measure Analyze Improve Control

24.,25.

4) Creative Thinking techniques were more valuable in identifying more diverse 
countermeasures for the team to evaluate.  

2) Data Collection Activities intensive and very important to help identify data 
linked to root causes

5) Flowchart technique helped all team members see the process more clearly 
and was used to help identify communicate process improvements.  


