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Today I would like to share with you an approach we 
used in studying our Snow and Ice Control program. 
The purpose of this study was to identify ways of 
reducing direct and indirect co8ta. The ultimate re-
sults of this effort will be to reduce costs of our 
$10 million snow and ice control program by $3.3 mil-
lion. The study method differs from what is general-
ly considered "Value Engineering", in that the scope 
was much broader and strategies were employed through-
out the study to make recotanendations acceptable to 
those responsible for results. Also, because the 
study covered the entire Snow and Ice Control program, 
and the team members' time was limited, it was neces-
sary to zero-in on high pay back areas that would have 
a high probability of being accepted and implemented.. 

What I would like to give you here is a description 
of that narrowing process, and hopefully it will be 
useful to you when looking at your own programs. Be-
fore beginning, I believe that it is necessary to 
provide some background on how this and other studies 
are initiated within our Maintenance operations. 

BACKGROUND 

After being appointed Chief of Maintenance (and then 
Operations) in 1973, I looked around at my staff and 
questioned the way that decisions were being made. 
Frankly, they were generally based on what had been 
done in the past. At the same time one could see that 
there was much that could be done to make improvements. 

However, one of the problems that we have in bring-
ing about change is the decentralized nature of our 
organization. Our Headquarters Office of Maintenance 
has functional responsibility for the maintenance 
activities of our eleven districts. Yet, the District 
Directors have line authority over the personnel. 
This is even more complicated with the maintenance 
function being further divided into over three hundred 
maintenance territories statewide. I am sure that 
this situation is not unique to Caltrans; however, it 
does make it difficult to standardize methods and 
procedures, and materiel and equixnent selection and 
usage. 

Within Headquarters, our maintenance responsibil-
ities are divided into nineteen programs. The major 
responsibility for coordinating with the districts 
and overseeing their efforts rests with our four 
Headquarters Maintenance Reviewers. As an initial 
step in getting the reviewers and other maintenance 
staff members to view things differently. I asked 
that they identify areas for possible improvements. 

At the same time, I worked with others within the 
Department to find additional areas of concern. From 
these we developed and prioritized a list of issues 
to be addressed. Next, the Program Managers in their 
respective areas of responsibility were asked to 
develop proposals using an Issue Memo process. I will 
talk about that a little later. 

By now you are asking, how does all of this relate 
to zeroing-in on high pay back areas. First of all, 
the decentralized nature of our organization presents 
special problems which necessitated having districts' 
involvement in proposed changes. Next, the process 
of bringing issues of concern forward, and having the 
Program Managers involved in developing proposals, 
has been successful in undertaking many studies with-
in Maintenance. The "Snow and Ice Control Study" is 
an example of one of them. 

Also, we have found that in many instances our 
studies are tied to other improvement efforts such as 
results of previous studies. For example, the Snow 
and Ice Control Study was the result of a previous 
effort completed in 1975. This was the "Bare Pavement 
Snow Removal Policy Study," which was concerned pri-
marily with policy issues. During that effort it was 
recognized that significant savings could be realized 
through changes in our snow removal practices. Man-
agement concurred and this follow-up study was given 
tentative approval. 

The steps taken to initiate and bring this evalua-
tion to a successful conclusion were: 

First, the proposal was formalized by preparing 
an Issue Memo. In this, estimates of potential sav-
ings were spelled out; pertinent supporting data were 
given; the sensitivity of the project was discussed; 
and a general approach was proposed. Attahrnent I is 
and example of that Issue Memo.) 

After the Issue Memo was approved by me and 
other Managers who would be Impacted, a study team 
was formed comprised of members who would contribute 
most to this effort. Their first step was to conduct 
a survey of the program to gain a greater understanding 
of what was involved. 

Following this a detailed study approach (or 
what we call a Work Plan) was developed. This was a 
planning effort that outlined what would be done, when, 
and what would be the final products. I have found 
that this is a very important part of any complex or 
major project. It increases the likelihood of getting 
a good product on time. You see, when this plan has 
been developed and improved by the client(s) and ulti-
mate decision-maker(s), it does three things: 

66 



67 

One, it limits the scope of what will be 
covered and thus saves time by not running up 
too many blind alleys. 

Two, it provides a guide for conducting 
the study, and 

Three, it becomes a quasi-contract between 
the study team and the client(s) as to what 
will be done, and what will be the product. 

Attachment 2 is a copy of the Work Plan format 
that is generally used within Maintenance. 

Finally, the study is conducted; a report is 
prepared with recommendations; and when approved, 
implementation beg ins. 

However, in this project, because the entire 
program was being evaluated, an additional step was 
necessary. This was to zero-in on the high pay back 
areas to assure a greater return from the team 
members efforts. 

In the remainder of this discussion, I will de-
scribe how this was done. 

ZEROING-IN ON HIGH PAY BACK AREAS. 

Six steps were taken in this narrowing and prioritiz-
ing process; these were to: 

Break down the program into major activities. 
Rank them in order of importance. 

Develop a specific detailed list of areas for 
investigation. 

Develop criteria for determining which areas 
should be evaluated and in what order. 

Zero-in on areas for evaluation using a Problem 
Investigation Evaluation Matrix. 

Assign responsibilities to individual team 
members for evaluation of specific areas. 

STEP 1 Break down the program into major activities: 

Using budgets from 1964 through 1975, and information 
from our Maintenance Management System, overall direct 
costs were determined. When adjusted to 1974 dollars, 
they ranged from $8½ million to $14 million with an 
average of $10 million annually. These generally fell 
into two major categories; plowing-- $5.6 million, 
and sanding -- $3.4 million. 	 - 

These costs, however, did not represent the total 
costs of the program. It was necessary to include 
indirect costs associated with snow and ice control as 
well, when considering specific areas for investiga-
tion. The following table shows that there are many 
areas that have an impact on the total costs of snow 
and ice control, but do not show up as budgeted ex-
penses. For example: legal expenses; size, location 
and design of maintenance stations; and capactities 
of our multipurpose equipment. 

TABLE 1 

DIRECT & INDIRECT COSTS RELATED TO SNOW & ICE CONTROL 

A 	R 	E 	A INECILY 	pTLv 

I.Head quarters and district staff and facilities related to snosa removal program 
but not directly 	involved 	in seem and 	ice control 	activities. 
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and 	Ice control.  

Cost of puruhasing activities for snow and 	ice control acslclsles 	(not 	locluding - C

ost of materials.) 	 S  

I.. 	Cost of materIals. 

Dell nery costs. 

StockpilIng costs 
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Equipment usage 
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Application of naterlels and plowing 
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Equlpmen tuhuegeovar for snow and ice control 
(gui peent changeover back to general use 
Equipment dotage 

v 
Sond .od abrasi vo cleanup 
Sign 
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Equipment usage 
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STEP 2 Rank program activities in order of importance: 

Again, using information from our Maintenance Manage-
ment System, we identified thirteen major functions. 
These, in turn, were ranked in order of importance, 
considering the amount of effort expended on them. 
Table 2 shows that, within these, snow plowing ranked 
highest, and that snow fence installation and mainte-
nance was lowest. 

STEP 3 List specific areas of investigation: 

The activities necessary to carry out the thirteen 
major functions were identified. Using these, and 
the general areas covered in the work plan, specific 
questions and areas for evaluation were developed. 
The technique used here was primarily brainstorming. 
After completing this original list, the items were 

grouped under four major headings: Personnel, Equip-
ment, Materiels and Other. At the same time these 
areas were further refined and clarified. 

STEP 4 Develop criteria for prioritizing areas for 
investigation: 

Determination of selection criteria logically fol-
lowed what had been covered thus far and what we have 
learned from previous efforts. First, we wanted to 
reduce costs as much as possible without endangering 
the motorist. Second, it was necessary to put our 
effort where there was a high probability of success-
fully making changes. This in turn is closely tied 
to the acceptability of the rècamnendations. One 
helpful criterion that is usually considered, is 
"what are the potential consequences of making the 
change or not." Finally, it is necessary to consider 
how much of the team's effort will be required to 
evaluate a given area. 

TABLE 2 

RELATIVE IMPORTANCE OF MAJOR SNOW & ICE CONTROL FUNCTIONS 
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To summarize, the criteria are: 

Estimated total saviangs ($'s involved x 
estimated Z savings). 

Probability of finding ways for improvements, 
and of getting them implemented. 

Acceptability of recommendations (or proposed 
changes). These include: 

field personnel 
management 
public 
political. 

4. Consequences: 

of error (making the wrong change) 
of not doing anything. 

5. Team effort required. 

STEP 5 Narrowing and prioritizing areas to be 
investigated: 

Nov that the tentative areas to be studied were iden-
tified and the criteria for prioritizing the investi-
gation had been developed, the next step was to 
construct a "Problem Investigation Evaluation Matrix." 
This merely required placing the study areas on one 
axis and the evaluation criteria on the other. Next, 
we used a "modified delphi approach" in completing 
the zeroing-in process. Each team member independ-
ently made estimates and completed a copy of the 
matrix. Here they drew on their own backgrounds and 
expertise along with what they had found from the 
initial survey. After this was completed, the team 
made comparisons of their estimates. When there were 
extreme differences, the parties involved would give 
their reasoning. The objective was not merely to 
compromise, but to bring forward more information and 
cone to an agreement on the estimates. From this 
exercise, some areas of the study were eliminated and. 
one combined matrix emerged. Using these overall 
evaluations the study team prioritized the areas into 
first, second and third. Although weights were not 
given to the evaluation criteria, more importance was 
given to "estimated savings," "probability of suc-
cess," and "consequences." 

In some instances it was not possible to assign 
values and yet it was believed that an investigation 
was necessary. When this happened a statement was 
given in the "comment" column. Figure 1 is a copy of 
the completed Problem Investigation Evaluation Matrix. 
The number in the first column represents the priority 
given that area of investigation. 

STEP 6 Assign team members areas to be studied: 

Using the specific talents and background of the three 
team members, the areas of investigation were assigned. 
At the same time, in an effort to promote consistency 
throughout the evaluation, we developed another table 
that laid out the major contacts and responsibilities. 
As mentioned earlier, it was important that the dis-
tricts be involved. In looking at Table 3 you will 
see that most of the major activities required input 
form the districts. 

These steps represent the narrowing process. They 
may look complicated and time consuming, but are not. 
The study followed the assignments that were made and 
the team members completed evaluating all thirty-six 
areas that were proposed. Although this discussion 
does not cover the study itself, it is important to 
note that during this effort the team members worked 
independently. The team would meet periodically and 
discuss findings, conclusions and recommendations. 
Also, there were checkpoint' meetings with the cli-
ent(s) and decision-maker(s) resulting in many recom-
mendations being approved and implemented during the 
course of the study. 

Another important by-product of this planning and 
narrowing process prior to conducting the study was 
team building. I an sure that many of you have had 
projects that didn't turn out the way that you wanted, 
and if you were to look into the causes you might 
find that it was the result of team members not work-
ing well together. The time to correct this is be-
fore the study begins. 

Before concluding this discussion I would like to 
give some examples of what we have accomplished thus 
far. As I said, the study took approximately six 
months of part-time effort of our three team members 
to complete. Out of the $10 million program, approx-
imately $3.3 million will be saved annually when all 
recommendations are fully implemented. Some of the 
recommendations that have been implemented, or where 
implementation has begun, are: 

Description Savings 

Standardized calibration and estab- $117,000 
lished maximum application rates 
for salts and abrasives. 	(Estab- 
lished monitoring and control 
system. ) 
Lowered abrasive specifications 36,000 
to reduce procurement costs. 
Increased purchases of bulk salt 35,000 
rather than bag salt. 
Increased use of process salt 70,000 
rather than kiln dried salt. 
Increased use of larger multi- 58,000 
purpose equipment. 
Began use of wing plows in some 129,000 
places rather than using rotaries 
or doing tandem plowing. 
Converted to carbide insert 164,000 
blades instead of carbon steel 
blades 
Specified use of diesel rather 322,000 
than gasoline trucks. 	(Annual 
fuel savings - 300,000 gal.) 
Developed a new salt dispenser, 36,000 
giving capability to selectively 
apply salt where needed. 
Calibrated all spreaders and in- 176,000 
stalled ground-oriented controls. 
Developed training program for 208,000 
equipment operators. 

Although these recommendations have not been ful-
ly implemented, there has been a good start. Another 
by-product of this effort was the establishment of 
an ongoing system that was improved coordination 
between Headquarters and districts. 

SUMMARY 

Today I have described an approach that we have used 
within Maintenance to initiate projects. Also, the 
steps taken in the Snow and Ice Control Study were 
used to illustrate a process for zeroing-in on high 
pay back areas. Essentially, this narrowing process 
involves applying selected criteria to proposed areas 
of investigation, and this rules out looking at areas 
that have a small pay back of a low probability of 
making improvements. 

As can be seen from the initial results, the proc-
ess works. The team was successful in bringing about 
many real improvements. 

Again, I believe these planning steps I've de-
scribed are well worth the effort and, hopefully, 
they will be useful to you in looking at your own 
programs, primarily those that are large and complex. 

69 



FIGURE 1 

70 

PROBLEM INVESTIGATION EVALUATION MATRIX 

H. 

A... 

o 
E 1i 

M 

iii'  ___________ 

H® 5% H H L 0 0 L M M 

H® 10% H M L L H H L L L 

'VAAAAW H® 12% H H H H 0 0 L H L 

H® 10% H M L M H H L L L 

E. L® 5% L H L M H H L L L 

H® 10% H L L M 0 0 L L L 

H® 10% 1 H H M M H H L M M 

He 20% H H H H H H L H L 

H® 5% 1 M M LLOOLLL 

He 17% H H HHMMLHL 

H® 1 2% 1 L L L L 0 0 L L 

H® 00l H H H H 0 0 L L 

L.® 2% L IL  MHHLL  

L® 5% L M H H L L 

H® 25% H JHL  L M L L  L 

L® 3% L M 0 0 L L 1. 

M® 5% M  L 0 0 L L L - 
co. H® 2% L H L L 0 0 L L L 

H® 20% H H L L 0 0 L L H 

L® 1% L L L L 00 L L L - 
L® 1% L L LLOOLLL  

M® 2% L M HHOOLLL  

TAACIO 	*LITES 
€WEDAAPART 

- 
v H® 20% H H H M 0 0 M L L 

H® 15% H H L L 0 0 L L L 

H® sana ma sHato BA 

L® 2% L L L L L L H L L 

Me 

H® 7% H M L L 0 0 L H H 

He 25% H H L L L L L L H 

OTABA oBoaAo BAntSfl treat He 10% H H L L H H L H L " 	A atT DO (TOld 

H® L M H L L L H L 
IA— 

H® H H H H H  L 

CO 	(CA 
® L H H L 

aLH 

 L 

H = High 

M = Medium 

L = Low 

O = Doesn't 
Apply 



TABLE 3 

ASSIGNMENT & PROPOSED CONTRACT SCHEDULE 

prpcnwccr 

100.4 00•0 .0.10.1. 00 000100. 5 	x x x H 
10010101 	.000.0 S S 0 5 H 
00000th0040 XX XX 0 0 XX 

EQUIPMENT 

P04400100 0, 	.00. 00000.1 .qOip0000 0 X U U 

To.for 4.000,0 0001010. aol,,9 S 0 5 0 S 

.10100000 5 X A S 

00.0 400.010 0! 0.100 0.0104. typo. S X 5 S 

0.00,0 00110001100 x x x x H 
100000010 .onaor. U X U S S 

0001000000.ri000 U U U 5 5 X 

0000g. 91..,1 00000. 5 5 U S X S S 
(100 01O!• 0 5 X U S X H 
P10.010000100 5 0 X U U S 

1400. 5 XX X S 

MATERIALS 

,prr./.1 S 5 5 5 0 X D 
00001(11109 0 X S S X 

0400, 5 5 X S X S 
Ippli000lOotot.. 5 0 0 	• S 
T000,000000lOo 00•4• U 5 5 
1010100 9001101.. 5 

S S S 

70.01000 99.1101.. S S 

00009, 000,00001 5 

wood only. S 

09000.0.00 5 5 XXX U 

0(00......kilo 401.4 5 S 5 0 D 
90.004 0 5 D 
0000.90 X S S S X 

opoo.f.i.lo9 5 5 S 5 5 D 
0.001900010010, 0•. .00100 5 0 U 5 5 D 

010.0 00101,,. 1 100140 chlorIde 5 5 X 5 0 

Op011000loo 5 5 0 5 0 
01.00 .010 000 olo.ioo. S U S S S S 
000000fl. 00 000110,010. 5 5 5 5 5 H 
0.0.001.. 5 XX S 
00*00409 .11 1001 dOt, 000.110,. U H 5 

OTHER 

0090109 Iopr0000,00 .y.too 5 5 5 H 

409 	
:fl00nfbitP 

POP 0(10,0'. 5 U S H 

0001900100 OP ti.h0100 ..odlng policy 5 5 5 5 	0 H 
Shift 00.0.0! •000 000.0.100 poblio 5 5 5 	5 H 
40 (009000 pOlicy l..00000.01fl109 0° 5 0 A U H 

p10.100 

 

I. •.odlog p000.000.. 5 5 5 5 

0000000 010.1  (000(0 5 5 0 x H 

71 



72 

ATTACHMENT I 
	

IV. POTENTIAL SAVINGS 

June 16, 1975 

From: 	DEPARTMENT OF TRAMSPORTATION 
Division of Highways 
Division of Maintenance & Operations 

Subject: Issue Memo No. 26-75 System Operations 

I. ISSUE 

Improvement of snow removal methods and proce-
dures, and equipment and-materials selection 
and usage. 	 - 

II. PROPOSAL 

Undertake a procedural study of snow removal 
activities to reduce the cost by: 

Improving methods and procedures for snow 
removal. 

Improving equipment selection and usage. 

Improving materials selection and usage. 

Developing a system to assure that similar 
improvements are made on an ongoing basis. 

III. BACKGROUND 

Issue Memo N. 2-73 System Operations initiated 
the "Bare Pavement" study. As a result of this 
project, a clear snow removal policy was estab-
lished with related levels of service. These 
will facilitate procedural improvements: 

During this study the following were indicated: 

Levels of service cannot be lowered signi-
ficantly to reduce costs: however, poten-
tial savings will be realized through 
procedural improvements. 	 - 

Savings realized in District 02 of $140,000 
in-the 1973-74 snow season were due to 
changes in salting and sanding methods. 

Equipment used for snow removal is highly 
specialized (many districts require special 
adaptations that make equipment different 
between districts). 

Our salting practices have resulted in 
significant bridge damage in the Central 
Valley. 

Environmental concern over presumed salt 
damage in the Tahoe Basin will-probably 
bring pressure for blanket changes on the 
use of snow removal chemicals. 	- 

Compared to some states, the Department 
appears to not be very sophisticated or 
cost conscious regarding snow removal 
procedures. 

In the past, proposals have been made to 
buy more "off the shelf" equipment and this 
has been resisted. 	- 

This study will deal with these and similar 
type is8ues. Initially it is felt that an 
overall look at how snow removal activities are 
conducted is essential. 

During an average year snow removal costs are 
approximately $9 million (1973-74 dollars). 
Procedural improvements could result in at 
least a 10% savings. ($900,000). This seems 
reasonable if you consider that other than 
through the budgetary process there have been 
few efforts to reduce snow removal costs. Fur-
ther, considering District 02 reduced their 
sanding and deicing expenses by $140,000 
through a procedural change, it would seem that 
on a statewide basis larger savings are possi-
ble; especially when material and equipment 
selection and usage is evauluated. 

V. SENSITIVITY 

Public. In the Bare Pavement Study it was 
found that the public is very sensitive ot 
snow removal activities and that any lowering 
of levels of service will be met with resist-
ance. However, as far as procedural changes 
are concerned, as long as the public is not 
detrimentally affected by these changes, they 
should not be sensitive. It becomes a case of 
how you approach it - some changes would be 
welcome. 

Internally. Procedural changes will mean fewer 
hours spent and fewer jobs required, thus there 
will be resistance. Also there will be the 
natural tendency to resist any change. Fur-
ther!nore, the snow removal "experts" in the 
Department will probably not like anyone sug-
gesting improvements can be made. As far as 
equipment and materials selection and usage, 
there will be resistance internally, and if 
vendors are involved there will be resistance 
there also. 

VI. SUGGESTED APPROACH 

On approval of this Issue Memo: 

A. Establish a core study teem (suggest one 
member each from Management- Analysis, Equip-
ment, and Maintenance) to perform prelimi-
nary survey and to determine potential 
savings. 

B. 	Following preliminary survey, the core, teem 
will prepare a work plan. 

C. Conduct study utilizing team members identi-
fied as needed in work plan. Note: At 
this time the Management Analyst should 
become a consultant providing direction and 
objectivity on an as needed basis. 

D. Preliminary indications are that major 
efforts will be on: 

Improving methods and procedures. 

Improving equipment, selection and 
usage. 

Improving materials selection and 
usage. 	 - 

E. Develop means of making continual 
improvements. 

VII. ANTICIPATED PRODUCTS 

A. Section 20 of the Maintenance Manual deal-
ing with snow removal will be completely 
rewritten. It will include and supersede 
the snow removal policy contained in Policy 
& Procedure 75-24. 
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If necessary, additional Policy & Procedure 
directives will be issued for procedural 
improvements. Hotever, if possible these 
should be contained in revised Section 20 
of the Maintenance Manual. 

A final report will be prepared documenting 
the proposed changes. 

ATTACHMENT II 

DATE  

WORK PLAN FORMAT 

(Descriptive Title of Project) 

I. AUTHORITY: 

Identify who requested the study, when: who 
are the original and ultimate client(s); 
who is (are) the decision-maker(s). 

PROBLEM(S): 

Where a preliminary survey report is not at-
tached, clearly identify the problem(s) (or 
apparent problem(s)). 

OBJECTIVES: 

What is (are) the objective(s) of your project? 
What is it that you are trying to accomplish? 
You may wish to identify these as specific or 
secondary objectives. Use concrete rather 
than abstract terms. Your objectives will in 
turn dictate the design of your project. 

SCOPE: 

What are the major areas of your study? What 
are the parameters? 

LIMITATIONS: 

This heading could logically be combined with 
Scope in that both define the limitations of 
your project. Include here manpower require-
ments or factors that will modify or restrict 
your project. 

DESIGN: 

In designing your work plan, what are your 
assumptions and anticipated data collection 
processes? 

Assumptions: 

What are some of your initial beliefs 
that must be considered and clarified 
(these also may act to limit the scope 
of your project). 

Study Order: 

How do you propose to separate your proj-
ects into issues and subtopics? Consider-
ing these, what type of data do you need? 
How do you plan to collect and evaluate 
these data? The analyst should first think 
of what type of information he needs, how 
he will use it, what his sources of infor-
mation are, and how he will collect the 
information. 

Sources 

What people, publications, documents, 
records, and other references pertain 
to your project? Which are available 
to you? 

Data Collection 

How do you intend to collect this in-
formation? Through reading, observa-
tion, interviews, questionnaires, te le-
phone survey, other means? In what 
sequence do you expect to use the 
methods out lined for acquiring 
information? 

Data Use 

(This is probably the most important 
area for the analyst to consider when 
building a work plan.) What type of 
information do you need? And how are 
you going to use it? The analyst 
should have this clearly in mind before 
starting the data collection. 

VII. EXPECTED PRODUCTS: 

These fall into two classes, documentation and 
expected results (positive change). 

Documentation: 

What memos, reports, recommendations, 
action documents, and/or presentations 
will be produced? 

Results: 

What will be the expected results of this 
project—specific improvements. 

VIII. RESPONSIBILITIES: 

Identify person, task force members, decision- 
makers, and others who are responsible for 
specific actions. 

IX. IMPLEMENTATION: 

Identify the analyst's involvement in the im-
plementation of recommendations. (Build in 
here feedback to interviewees and those pro-
viding information.) 

X. SCHEDULE: 

Include a schedule that is appropriate for the 
project. Xeep the client in mind. Include 
checkpoints, decision points, and expected 
products. When studies are conducted in 
phases, provide sufficient information about 
the activitieB in these phases. The decision-
maker can then evaluate the usefulness of the 
overall project. The type of schedule used 
should be appropriate for the project. KEEP 
IN MIND ITS USEFULNESS FOR TUE CLIENT. 


