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JOB NO.

Town of Saratogs - Carbon County
Joint Powers Boeard

Saratoga, Wyoming 82331

Bubject: Drainage and Street Improvement Study
Saratoga, Wyoming

Gentlemen:
We are transmitting at this time ten (100 copies of the repcort and

maps for the above captioned project.

The conclusions and recommendations of our study and report are as
follows:

Conclucions:

1. Most streete in the Town o Saratoga are not paved at the present
time.

2. Existing storm drainage is inadequate.
3. Federal Grant monies are YEI'Y SCarce.

4. Froposed utility constiruction will delay street improvements in
SOmE areac.

5. Infiltration and sump pumps in basements thal are tied to the
existing sanitary sewer contributle to hydraulic overload of the sewage
ireatment plant.

General Recommendations:

1. Propeced utility construction should be completed prior to placing
of permanent pavements.

2. Most storm drainage can be handled with surface drainage for a 10

year ctorm frequency. A small amount of storm Sewer in Ares 1. 2B and

£ will be required. Siorm sewers faor Sump pumps in Area < and 23 can
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be used to relieve the sanitary sewer cystem of the load of those SUmpP
pumps.

3. A drainzge ditch starting at Dridge Street, just below the Hugus _
Ditch and going North to the river can be built to accommodate a large
share of the drainage.

4. Btage construction of the strects can be used to defer cocte and
provide for corrective actions prior to the placement of the final
surface.

5. Improvement districts should be formed to pay for the construction
of basic street improvements.

&. Funding.

a. Special improvement districte should be formed to pay the cost
of basic street pavement to & local street standard.

b. Grant applications should be submitted for the costs of storm
drainage and the costs of cellector and minor arterial streets.

C. The Town might want to pledge mineral royalties to the street
project.

7. Cost reduction possibilities

3. Asphalt curb and gutter can be used on local streets with the
undersianding that durability is decreased and asphalt curbs are
particularly vulnerable to damage caused by snowplows and other
similar types of equipment.

b. local streets, or indeed any streets, might be built with no
curb and gutter &t all. This will increase maintenance costs and
shorten the life of the pavement.

. The pavement can be narrowed so that only the travelled way is
paved with full c¢trength pavement and & chip =eal is placed on the
shoulders.

d. The pavement can be narrowed with only the travelled way paved
with full strenglh pavement wilh gravel shoulderz and ditches.

e. Existing streets could be surfaced with a chip seal coat and
ditches graded for proper drainage.

f. Asphalt coils treatment can be substituted for more EXpENsSive
material with a possible reduction in durability.

Specific Recommendations

1. ©Start the formation of improvement districts as soon as puscible
and apply for grants for the cost of the drainage facilities and the
full costs of arterial streets as a minimum. Include the costs of
collector strects and a grant for bond interest above the average



interest during the life of the bonds if it appears practical and

would not prevent the acquisition of the grants for the drainage and
arterial sireets.

2. FProceed with the construction of drainage facilities including
modifications to the Hugqus ditch as soon as pussible to minimize
flooding and ervosion of streets until pavement projects can be
undertaken.

3. Encourage the Town of Saratoga to exercise one or more of the
poscible means of generating revenue described in the Financial Report
(Appendix D) and dedicate the Mineral Royalties income which cpuld
then be freed 1o the partial payment of bkond isszues.

4. Plan to pave all sireets to the widths recommended in the Major
Street Flan with & stage one pavement and concrete curb and gutter,
i.e. Alternate @ of this study.

We believe that if the residents of Saratoga are serious about wanting
to improve their streets and drainage, they should do it in a fashion
that will provide permarnent facilities of a high quslity. We also
believe that the financial burden on the landowners need mot be
excessive if all funding sources are utilized as fully as possible.

We have appreciated the opportunity to serve you and are looking

forward to working with you in implementing the recommended work.

Sincerely,
Robert Jack Smith & Asscriates, Inc.

RAMCt il A b
Paul McCarthy, P.E. Richard R. Reusser, F.E.
Vice-"resident Project Engineer
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SCOPE OF THE STUDY

The intent of this study is to develop & logical and economically
feasible program of drainage and ctreet improvements thal can be
undertaken by the Town of Saratoga and or by the Town and local
residents through special improvement districts. The improvement
study is also to be used as a bhasis for obtaining funding for the
recommended improvements.

The street improvement program as proposed is not the final design of
the street and drainage improvements. This report and drawings show
the improvements in sufficient detail 1o ascertain that they are
feasible and to determine a realistic project cost approximation.

By following the program outlined in this report, portions of the
proposed work may be constructed with the assurance that z11 work
undertaken will fit together when the total work is completed.

Page 1A shows the areas for which drainage and street improvements were studied.
The Town was divided into four areas having similar requirements and related or
similar problems.
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STUDY AREA BOUNDARIES
DRAINAGE & STREET IMPROVEMENTS
SARATOGA, WYOMING




DRAINAGE

Storm drainage is necessary to conveniently and safely route runoff
from rainfall and snowmelt to areas for safe dispesal. Storm drainage
falls inlo several basic types: Surface drainage - allowing the waler
to simply jﬁ flow over the surface of the pavement or ground,
Chanmelization - directing water through ditches and curb and gutter
sectione through specific routes, and third, Storm Sewers - talirig
water through inlet facilities into uriderground pipelines to points of
dispocsal.

Drainage in Area 1 will be handled primarily through surface drainage
via curb and gutter or ditch sections toc the Hugue Ditch. A storm
sewer will be placed from Seventh and Elm, morth on Seventh to Bridge
Street, then along Bridge Street under the Hugus Ditch to +the
beginning of the drainage channel. If the Hugue Ditch is abandoned as
an irrigation facility, drainage from éArea 1 should be carried past
the Ditch to the drainage charnel to be built in area =B.

Drainage for Area 2 will be surface drainzge flowing generally norih
to Chatterton Drive where it will be collected in a storm sewer which
will run west to the river. & small dismeter sewer system to collect
water from basement sump pumps is recommended. Eazch small pipe in the
north-south streets will commect to the storm sewer at Chatterton
Drive.

Drainage in Area 2B will consist of surface drainage, storm sewer and
a drainage channel. A drainage channel is reconmended beginning at
Bridge Street on the west side of Fifth Street, proceding northerly to
the north edge of Town and then on to the river. Right-cf-way will ke
needed for this drainage channel. Surface drainage in the southern
portion will flow west and north to Bridge Street where it will be
collected in a stlorm sewer and talken to the beginning of the drainage
channel west of Fifth on Bridge Street. North of Bridge Street,
drainage will be carried generally west until it reaches the channel
at Fifth Strect. In addition, & small diameter sewer system to
cellect water from basement sump pumps is recowmended. The system
scuth of Bridge Street can be tied into the storm sewer at Bridge
Street. The system north of Bridge Street will have individual
coutlets to the drainage channel at.each sirect.

A 12 inch underdrain begins at the corner of Third and Maple and
proceeds north along Third Street to the alley between Elm Avenue and
Spring Avenue. It proceecds west in this alley from Third Street to
the approximate vicinity of Fifth Street, rums north-northwest across
Fifth S5treet and Spring Avenue, then north to Bridge aAvenue where it
outlets into & culvert cressing Bridge Avenue into the slew. This
underdrain is presently plugged. 1f Town maintenance forces can clear
the drain at the Town’s convenience, a portion of the proposed sump
drain system can be tied into this underdrain, reducing the cost of
the sump drain system by the awmount of pipe that this would replace.

The Wyoming Department of Environmental Quslity now has the option to



require discharge permitis for any water being discharged into a
natural drainage. So far Wyoming has not required or issued a permit
for storm water drainzge. According to IMr. John Waggoner, of the
Cheyenne office, they have no objections &t this time to the use of
storm sewers for the drainage of water pumped from basemenis with sump
pumps even if this water contains some iron. They have no plans
requiring such permits in the foreseeable future.

Drainage in Area 3 is to be surface drainage to the Hugus Ditch.

In the event the Hugus Ditch is abandeoned, the Hugue Ditch should be
maintained for storm water drainage from érea 3 to Bridge Street where
it can be tied into the drainage channel.

The design storm used in estimating runoff amounts and designing
surface runoff or drainage facilities ie the ten year storm. For the
channel west of Fifth Street, the 100 year storm is used and culverts
under the various streets along this channel are sized on the baszis of
a 100 year storm.

Costs for drainage facilities in excess of drainage carried in sireet
sections varies from mothing for Area 3 to as much as one hundred and
eighty-three thousand dollars for Area @B. Detailed costs for this
drainage may be seen in Table 1.

Rainfall intensity curves and tables are shown in Appendix A. It may
be seen from these tables that the longer a storm lasts, the lecs
intense, or the lower the value of the rainfall for that storm. With
the lenglhening of the periocd for which a rainfall intensity is
desired or with the lengthening of the design period, the intensity to
be expected in a storm of & particular duration also increases. To
determine the amount of water which will be flowing at & given point,
(called the inlet) the area which contributes runcff to that point is
determined. The difference in elevation and the distance between the
inlet and the furthest point in the drainasge are determirned. From
these values, the time of concenlration or the time that it tales
water From that furthest point to reach the inlet is determined. This
time of concentration is used to select the storm duration equal to
the time of concentration. The storm duration is used to enter the
curves or tables for rainfall intencity to determine the average
rainfell falling on the area contributing to the runcff at the chosen
peint. This is multiplied by a coefficient of rumoff which is based
upon the characteristics of the area and the size of the area to
determine the volume of water. This volume of water then becomes the
quantity used to size drainage facilities.

The Hugus Mullison Ditch is an irrigation facility which criginates
south of Baratoga. It {flows along a low terrace which encircles and
overlooks much of the Town.

Mew subdivisions and buildings are under construction west and south
of the Hugue Mullison Ditch. In August of 1958, Rebert Jack Smith &
Associates, Inc. prepared a report on flow and seepage in the Ditch.
This report is summarized as follows: The ditch is built om an
alluvial flood plainm and lerraces of the North Platte River., It is
constructed in sand and gravel. The nmormal flow is 21 cubic feet per
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second with flood rights to 42 cubic feet per second. In ihe event
users elect to take advantage of the flcood rights provision, the ditch
would have to be enlarged. Major leaks and seepage were verified and
improvement methods were described and costs were given. The methods
considered were concrete lining, asphalt membrane lining and bentonite
sealing. A bentonite seal was applied. However this had a short
life.

In May, 1375, the Soil Conservation Service developed an economic
analysis of solutions to the Hugus Mullison Ditch problem. Their
solutions follow:

1. Change the point of diversion. That is the point at which the
water is talkken from the MWorth Plattie River and put into the ditch.

Two methods were analyzed. {a) DBuild an inlet channel from the river
te a pump which would then raise the water to the elevation of the
existing ditch north of Town. (k) Pump from the river through a 42
inch corrugated metal pipe to the existing ditch at a point north of
Town.

2. Treat the present ditch. (&) Provide 5300 feet of concrete ditch
lining. (b) Provide 5200 feet ot && inch i2 gage corrugated metal pipe
arch. (c) Bentonite seal 5800 feect of the ditch after cleaning and
reshaping the ditch.

In December, 1397&, the So0il Conservation Service updated the former
study. The update includes the fellowing comments. RNear its upper
end the ditch received effluent from a septic tank overflow system
(This has been eliminated). The overflow contained dangerous levels
of coliform bacteria. Little fall in the ditch is apparent through
Town. Acute problems identified include: (1) Lack of fall or grade
which inhibits drainage. The ditch holds polluted water in
inpermeable areas which facilitates the breeding of aquatic insects.
() Most of the ditch is built in sandy alluvium which allows large
quantities of seepage to the ground below the ditch. (3) Seepage fron
the ditch infiltrates the Town’s cewer sysiem which is at capacity
during the irrigation sezson. Town growth and the attendant increase
in the number of home connections to the sewer will scon overload the
sewer. system. (4) The ditch is an attractive health and safety
hazard to children. (5) Seepage from the ditch causes & large bogyy
drea immediately below the ditch in some parts of Town which is of
little use during the irrigation seascons.

Solutions to these problems are: (1) Lime the ditch. (=2) Put the
ditch in a pipe through Town. (3) Change the point of diversion.
The Seil Conservation Service recommended item 3, changing the point
of diversion.

We took the costs from the various reporls and updated them to 1379
costs. We did this by using the Engincering MNews Record construction
costs index from the year the previcus estimate to December, 1978,
Plus 4% to raise the cost estimzte to mid 1979. For a 4 inch concrete
lining through Town the estimated 1379 cost woeuld be $327,000. The
lining could be expected to last 25 years. For a one-hslf inch
asphalt-asbestos membrane lining the cest would be $260,000 with an
expected life of 15 years. For a light asphalt-asbestos wmembrane



lining, the cost would be $211,200 with a life expectancy of 12 years.
Asphalt-asbestos lininge probably are no longer allowed by EPA.  The
three previous estimates include fencing both sides of the ditch for
approzimately a mile to prevent children and pets from getiing into
the ditch. A low cost alternative would be to simply bentonite seal
the ditch after shaping and grading and don’t fence it. The cost for
thie altermnative would be 410,500 with & potential life of a maximum
of five years. To build a pipe through town would cost 440,000 and
would provide a design life of approximately 20 years. Changing the
point of diversin would cost approximately $107,000 and a design life
of approximately 25 years could be expected. Changing the point of
divercion requires the operation of a pump which means that aperating
costs with the change of point of divsersion would be the highest of
any of the methods. However, the benmtonite liming which has & short
life, and is relatively inefficient at thst, is the onmly method which
ie cheraper in initiasl cost than the alternate of changing the point of
diversion.



GEOTECHNICAL

Seventy-ome exploratory holes were drilled throughout the street
system during July, 18, 19 and 20, 1978. Both undisturbed and
disturbed soil camples were obtained. Observations were made of the
free water at the time the test holes were drilled. The soils were
classified on the site by a field engineer, wiih representative
samples of the soils being returnced teo the soils laboratory for
testing. In addition to the sampie holes, five ground water
observation holes were drilled and sletted PVG pipe was installed in
these holes to allow monitoring of the waler table. & fact finding
investigation was conducled consisting of talking with the street
department for the Town of Saratega and local residents. Information
gasthered from this investigation identified an o0ld stream charnel and
localized soft spots. Laboratory tests were performed to obtain the
natural moisture content of the spil, the natural dry density of the
sacil, and gradation to be used in classifying the soil for decsign
calculetions. For more complete details, see the Soils Feport
included as Appendiz B. ‘



PUBLIC HEARIMNGS

The firsl public meeting was held November 14, 1378, at the Fireman’s
Hall. Those present representing the engincering firm were Paul
McCarthy from Fobert Jack Smith & Azscciates, Inc. and Mr. Hen Temme
from Chen & Associates. Approximately 20 people, mostly members of
different Town boards were also in attendance. The purpose of this
meeting was to explain the project to those present. It was stated at
that time that approximately three and one-half million would be the
total project cost, which was later found to be incorrect. Mr. Temme
explained the stage construction of street projects. The biggest
concern of those present was the ability 1o construct streets that
will last in Area 2B. Mr. Temme ezplained the fabric reinforcment
principle and stated that the occurence of frost heave would be
reduced but that it would neot necessarily be totally eliminated. A
test section using Mirafi 500 fabric with 18 inches of gravel was
installed on Rochester Avenue between Firet and Second Streets. This
test section is being monitored through the 1979 Spring ceason to
determine its total reactions.

A second public meeting was held January 11, 1979, again at the
Fireman’s Hall. FPaul FcCarthy and Richard Reusser were in attendance
from Febert Jack Smith & Associates, Inc. Approximately a dozen people
were present for the meeting. Mr. McCarthy explained the proposed
street improvement program. The widths and tHicknesses for the
proposed improvements are based on the master street plan and the
soils investigation. The recommended pavements utilize stage
constructlion which is building a portion of the pavement thickness at
one time followed by the remainder of the pavement at another time, as
much &s len years later. We are recommending stage construction with
concrete curb and gutter if grant monies can be found. Thic stage
construction will consist of a full-depth asphaltl section of which the
first stage would be the plant mix base.

We would anticipate cost savings if the following changes are made:
(1) asphalt curb and gutier can be substituted for concrete curb and
gutter, although we would recommend that concrete curb and gutter be
used on arterial and collector sireets duc to the increased
maintenance required for asphalt curb and gutter and its susceptiblity
to damage from cnowplows, () asphalt creocspans are cheaper than
concrete crosspans, bul again require @ little bit more maintenance,
(3) Mo curk and gutter at all would further reduce the cost but again,
it incresses maintenance costs, (4) paving only the travelled way with
full strength pavement and using gravelled parking and ditch areas
would further reduce the cost as the width of the full strength
asphalt pavemwent would be considerably reduced, (5) still cheaper and
of course less durable would be to simply grade and gravel the
streets. This would be done with a section somewhat similar to a
rural road section except that ditchs should be built with flat enough
slopes that driveways would not have to be built up across them thus
foerming dikes or dams hindering

the drainage. A slightly improved version of this would be to gravel
the street and then place a chip seal. If either of the last two



options were followed, we would recommend that a full pavement be
placed on Bridge Street as this is a county road and one of the
designated minor arterials. It was also noted that many of the street
improvements should be scheduled 1o follow sewer and water
construction to prevent ihe damaging of the streel pavement by
subsequent utility construction. It is impossible to anticipate the
location of repair work so there will always be a certain amount of
tearing up of pavement and rebuilding done, but by placing all new
water and sewer lines prior to tonstructing pavement, this can be
minimized.



PAVIEMENT SECTIONS STUDIED

The basic materials used in pavements considered for the this project
include: In place materials existing subgrade and materials
overlaying the subgrade which can possibly be used in the construcion
of the pavement, Granular base - either a natural gravel or crushed
rock or gravel of controlled gradation and hardness used for & base
material, FPlant mix base - an asphalt cement blended base material
normally having a greater strenglh than granular base but less
strength than a plant mix pavement, Flant mix pavement - an asphalt
cement blended material used for the final structural course in a
pavement, Flant mix wearing course - a plant mixed asphaltic material
placed over the plant mixed pavement to provide & surface that will
seal the underlying pavement layers against the intrusion of water and
provide a surface which may be worn away without detrimentally
affecting the structural strength ofthe pavement, Seal coat - a seal
ccat is a non-structural element of the pavement with the scle purpose
of sealing the pavement against the intrusion of water and minimize
wear of the plant mix pavement, Soil trealment - a process whereby
in-place materials are mixed with a minimal amount of asphalt to
increase the strength of the materials and thereby reduce the amount
of material of higher quality that has to be placed above the trealed
material. A

Traditional pavement sections include either a seal coat or a plant
mix wearing course, a plant mix pavement and a granular base placed on
the subgrade. &n alternate pavement which is coming into favor,
particularly where ground water is a preblem, is the so-called
full-depth pavement, which is a seal coat or plant miz wearing course
placed on a plant mix pavement which is placed on a plant mix base
which lies directly on the existing subgrade. Mo granular materials
are used in the full-depth pavement to prevent or minimize the
intrusion of water into the pavement stiructure. Soil trestments are
not used very often. However in this instance, due to the thick
pavement sections that are needed, particularly in the areas having
water problems and poer subgrade materials, it appears that soil
treatment might be used profitably by the Town of Sarateocga to reduce
cests. However, so0il treatment is highly susceptable to certain
conditions in the spil and because soilg vary widely, very little can
be done 1o predict the performance of the soil treatment without
laboratory tests of the specific soils and the proposed asphalt blend.
Therefore before coil treatment would be used it should be tested in a
laboratory to determine if the soil treatment would indeed increase
the strength of the exisling soils such that the resulting pavemsnt
structure above the scil treatment would be reduced enough to offset
the cost of the seoil treatment. Hesearch and conversations with an
engineer from the Achpalt Institule indicate that the potential for
cost saving using scil treatment in place of granular base and to
reduce the thickness of plant mix base is well wortih purcuing.

The following pavement sections were evaluated for approximate
construclion cost for the purpose of comparing these sections to
determine practical alternates and costs for the Town to use in
deciding on the option or plan they desire to follow in upgrading the

10



streets.

1. A full-depth pavement consisting of plant mix base, plant mix
pavement and plant mix wearing course. In areas of poor subgrade in
Area 23, additional material, filter fabric and granular base would be
used. Concrete curb and gutter would be placed on all streets. The
full-depth pavement was selected over the equivalent granular
structure pavement because it is cheaper 1o achieve the same strerigth.
2. A stage one pavement consisting of plant mix base, and plant mix
wearing course. The full-depth pavement would be achieved with a
second ctage at & later date which would include & layer of plant mix
pavement and a new plant mix wearing course. Again in areas of poor
subgrade, filter fabric and granular base are used to increase the
depth. Comcrete curb and gutter are provided on all streets.

3. A stage one pavement utilizing a plant mixz base and plant mix
wearing course. Filter fabric and granular base are used on poor
subgrades. Concrete curb and gutter would be used only on arterial and
cellector streets with asphalt curbs on local streets.

4. A stage one pavement similar to alternate 3. However a soil
treatment would be used to substitute for a portion of the plant mix
base and soil treatment would be used instead of +the filter fabric and
granular base on poor subgrade. A&bove the spil treatment would be a
thinner section of plant wix base and plant mix wearing course.
Concrete curb and gutter would be used on arterials and collector
streets with asphalt curbs on local streets.

5. A stage one pavement built for the travelled way only. 24 feet for
local sireets, 32 feet for arterials and collectors. This would be a
plant mix base and plant mix wearing course. Filter fabric and
granular base would be used on poor subgrade. MNo curb would be
provided. This section would include grading the ditches as an
extension of the pavemenl using very flat slopes so that no driveways
would have to be built up. This would allow the flow of water in +the
same fashion as curb and gutter. &n Alterrate 54 includes a
penetration seal of the ditch section to minimize erosion.

€. A stage one pavement similar to alternate 5 using seil treztment
to substitute for a portion of the plant mix base. This pavement
weuld ke @ plant mix bacse and a plant mix wearing course {for just the
travelled ways only, 24 feet on the local streets, 32 feet on the
arteriale and collectors. There would no curb and the ditches would be
graded simply to provide a flat shallow ditch that could be crossed by
driveways without building a dike to inhibit the flow of the water.

Widths for Alternates 1 through 4 would be 45 feet from the back of
the curb to back of curb for arterial and collector streets. Local
streets in Areas 1, 2 and 3 would be 35 feet from back of curb to back
of curb. Because Area ¢B consists of the older part of Town which is
more built up, local streets in Area 2B would have a widih of 41 feet
from back of curb to back of curb toc provide for practical on street
parking. Alternstes 5 and € have a pavement widih of 32 fezet for
arterial and collectors, 24 feet for local streets. Alternates 5 and
€s: because they have lecs than & full-width pavement, run the

11



potential of having more problem in thc weaker ditch section at
driveways. Without the pencetration seal come erosion will occur,
which will require grading at a regular and frequent intervals.
Alternatives 3 & 4 with the asphalt curb on local streets also will
probably require a little bit more maintenance because the asphalt
curb is not as durable under impact such as larger vehicles or
stowplows hitting it. Typical sections illustrating each of the
alternates are shown on the following pages.

The large scale maps which accompany this report show the edge of the street

for the full width pavements and proposed final street elevations at the
center of each intersection which will maintain proper grades for drainage.

12



COST AFPPROXIMATIONS

Construction costs have been approximated for the comstruction nf
strects and drainage. Preliminary project approrimatione are made
before all of the details are known, and before the project is
designed. Consequently, these approximations should be used for
planning or feasibility studies only. It must be understood that in
the light of a highly variable construction market, continually
changing material prices and labor costs, that any such approximation
of construction cost carmot be guaranteed nor will it be realistic
gfter any appreciable time has lapsed. If actual construction of the
proposed work is delayed beyond the 1979 construction season, it will
be neceesary to reappraise the construction cost approximations.

Table & shows approximaticons of construction costs including an
approximation of engineering fees, legal fees and & small amcunt for
contingencies for the construction of all streets in each area to a
local street widih and strength and an added cost to widen designaled
streets to arterial or collector width and provide the strength is
also included. &torm sewer, drainage channel and sump drain system
costs are also tabulated. Each cust is related to the total
assessable footage within each area to arrive at & cost per assessable
square foot of property for each of the improvements in the area. Six
alternates are tabulated ranging from the full asphalt pavement with
concrete curb and gutter on a1l streets with appropriate drainage
downward through stage construction, substituting asphalt curbs,
removing curbs, substituting an asphalt scil treaiment for come of the
plant mix materials, narrcwing pavement so that only the travelled way
is paved using only a scil treatment for the base with =a wearing
course. The highest costs range from €3 cents a square foot to 80O
cents a square foot of cost per assessable square foot downward to
costs ranging from 21 cents to 39 cents per assesstable square foot.
Detailed cost tabulations are shown in Appendix C.
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APPROXIMATION OF CONSTRUCTION COST - Table 2

Area 1 2 2B 3
Assessable Footage 3,066,840S.F. | 1,401,4025.F.}4,292,650S.F. | 2,363,200S.F.
Per Per Per Per
Cost S.F. | Cost S.F. {Cost S.F. | Cost S.F.
ITEM
Alternate 1 - Full Depth Asphalt Pavement w/Concrete Curb & Gutter
A1l streets local 1664036 | 0.54 | 824506 | 0.59 | 2480747 | 0.58 | 1423920 | 0.60
Added Cost for Arterial
Collector 203059 | 0.07 | 216627 | 0.15 | 281416 | 0.07 | 58804 0.02
Storm Sewer 34128 0.03 180233 |[0.06 |58032 0.01] --- --
Drainage Channels 46738 0.02| --- -- 1125121 {0.03| --- --
Sump Drain System -—- -- | 46731 |0.03 {99652 0.02| --- ==
TOTAL 1997961 | 0.65 | 1168097 0.83 | 3044968 | 0.71 | 1482724 [ 0.63
Alternate 2 - Stage One Asphalt Pavement w/Concrete Curb & Gutter
A1l streets local 1395284 |1 0.45 ] 677871 [ 0.48 | 2043729 | 0.48 | 1196289 | 0.51
Added Cost for Arterial
Collector 153390 | 0.05{ 183067 | 0.13 {252803 [ 0.06 | 39127 0.02
Storm Sewer 84128 0.03}80233 |0.06 |58032 0.01 --- --
Drainage Channels 46738 0.02| --- -- 1125121 |0.03| --- =
Sump Drain System --- -- | 46731 ]0.03 {99652 0.02| --- =
TOTAL 1679540 | 0.55 | 987902 | 0.70 | 2579337 | 0.60 | 1235416 | 0.52
Alternate 3 - Stage One Asphalt Pavement w/Concrete & Asphalt Curbs
A1l streets local 1193997 | 0.39 | 581238 [ 0.41 | 1823397 | 0.42 | 1016124 {0.43
Added Cost for Arterial
Collector 217329 | 0.07 | 227079 {0.16 |336216 | 0.08 | 62200 0.03
Storm Sewer 84128 0.03 |80233 {0.06 }58032 0.01} --- --
Drainage Channels 46738 0.02} --- -- 125121 (0.03| --- --
Sump Drain System --- -- 146731 |0.03 |99652 0.02| --- --
TOTAL 1542192 | 0.50 | 935281 [0.67 |2442418 1 0.57 | 1078324 {0.46
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APPROXIMATION OF CONSTRUCTION COST - Table 2 Cont.

Area 1 2 2B 3
Assessable Footage ~3,066,840S.F. 1,401,402S.F. |4,292,650S.F. | 2.,363,200S.F.
Per Per Per

Cost S.F. | Cost Cost S.F. ] Cost SPER

ITEM

Alternate 4 - Asphalt Pavement using Soil Treatment - Curb & Gutter

A11 Streets local 1091592 0.36 | 555345 1648 0.38 | 881438 | 0.37

Added Cost Arterial/

Collector 107500 0.04 ]206791 280761 0.07 | 25176 0.01
Storm Sewer 84128 0.03 | 80233 58032 0.01 --- --
Drainage Channels 46738 0.02 --- 125121 [0.03 --- --
Sump Drain System --- -- 46731 99652 0.02 --- --

TOTAL 1329958 | 0.43 | 889100 2212513 | 0.52 | 906614 | 0.38
Alternate 5 - Asphalt Pavement Travelled Way only

A1l Streets Tlocal 693792 0.23 | 346808 958094 |[0.22 | 600257 | 0.25

Added Cost for Arterial/ 0.04 136262 256676 |0.06 | 31478 0.01

Collector 118602
Storm Sewer 84128 0.03 | 80233 58032 0.01 --- --
Drainage Channels 46736 0.02 --- 125121 |0.03 --- --
Sump Drain System --- -- 46731 99652 0.02 --- --

TOTAL 943260 0.31 |610034 1497575 1 0.35 | 631735 | 0.27
Alternate 6 - Asphalt Pavement Travelled Way only using soil treatment
A1l streets local 553339 0.18 | 281685 781980 |0.18 | 479384 | 0.20
Added Cost for Arterial/

Collector 101839 0.03 177970 316512 }0.07 | 26559 0.01
Storm Sewer 84128 0.03 80233 58032 0.01 --- --
Drainage Channels 46738 0.02 --- 125121 10.03 --- -
Sump Drain System --- - 46731 99652 0.02 --- --

TOTAL 786044 0.26 | 586619 1381297 {0.32 | 505943 | 0.21
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APPROXIMATION OF CONSTRUCTION COST - Table 2 (Cont.)

Area 1 2 2B 3
Assessable Footage 3,066,840S.F. | 1,401,402S.F.14,292,650S.F. | 2,363,200S.F.
Per Per Per Per

Cost S.F. | Cost S.F.|Cost S.F. | Cost S.F.

ITEM

Alternate 5A - Asphalt Pavement Travelled Way only, Oiled Ditches

A1l streets Tocal 737954 | 0.24 | 367916 | 0.26}1011001 | 0.24 | 638264 | 0.27

Added Cost for Arterial/

Collector 121719 | 0.04 | 138325 | 0.10]260779 |0.06 | 32709 0.01
Storm Sewer 84128 0.03 | 80233 0.06 |58032 0.01 --- --
Drainage Channels 46738 0.02 --- -- (125121 | 0.03 --- --
Sump Drain System -—- -- 46731 0.03199652 0.02 --- --

TOTAL 990539 | 0.32 | 633205 | 0.45]1554585 | 0.36 | 670973 | 0.28
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FUNDING FPOSSIBILITIES

Grants for the funding of all or & portion of this proposed work are
thought to be an extremely unlikely possibility. Some loan assistance
may be available from the Farmers Home Administration or the State
Farm Loan Board Joint Powers lLoan program. However the State Farm
Loan Board does not at this time want to make any type of long term
loans. It does not appear that the Town has a very good possibility
of contributing a significantly large portion of the coct of this
project without in some way increasing the Town’s revenue. Most
options for such an increase are not very viable at this point. A
third possibility is that of a grant to pay off the high early or
firet years’ cocts of the project. For this to be most practical, the
actual cost of construction should be reduced as much as can possibly
be done. A tabulation of costs for Alternates i, 2, S and 5A showing
the assessments with and without grants and Town contributions
follows. Assessments for other alternatives may be quickly calculasted
using the previcusly shown tabulations of construction costs in the
section on construction costs. For more details, see the Financial
Recommendations Report included as Appendix D. Table 4y a complete
scenariv based on Alternate 2 detailing the costs for typical lots of 7200
5.F. in areas 1 and 3 or 9600 &.F. in areas 2 and 20 throughout a
year payback period follows Table 3.
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Table 3

TYPICAL ASSESSMENTS

Assessment for

Assessment with

Assessment with

Assessment with

Alternate Full Cost Grant for Grant for Ar- Grants for all
Drainage terial/Collec- except local
tor Costs street costs
Area Per | Per 60' Per |Per 60' Per [Per 60' Per |Per 60'
S.F. | x120" Lot{ S.F. | x120' Lot | S.F. |x120' Lot S.F. I x120' Lot
Alternate 1
Area 1 0.65 | 4680.00 0.61 14392.00 0.58{4176.00 0.54 {3880.00
Area 2 0.83 | 5976.00 0.74 | 5328.00 0.68 (4896.00 0.59 [14248.00
Area 2B 0.71 | 5112.00 0.65 | 4680.00 0.64 [4608.00 0.58 14176.00
Area 3 0.63 | 4536.00 0.63 | 4536.00 0.60 (4320.00 0.60 14320.00
Alternate 2
Area 1 0.55 | 3960.00 0.50 {3600.00 0.5013600.00 0.45 |3240.00
Area 2 0.70 | 5040.00 0.61 |4392.00 0.57 (4104.00 0.48 |3456.00
Area 2B 0.60 | 4320.00 0.54 13888.0 0.54 13888.00 0.48 |3456.00
Area 3 0.52 | 3744.00 0.52 | 3744.00 0.51]3672.00 0.51 |3672.00
Alternate 5
Area 1 0.31 ] 2232.00 0.27 |1944.00 0.27 |1944.00 0.23 |1656.00
Area 2 0.43 | 3096.00 0.35 | 2520.00 0.33(2376.00 0.25 ] 1800.00
Area 2B 0.35 | 2520.00 0.28 | 2016.00 0.2912088.00 0.22 | 1584.00
Area 3 0.27 | 1944.00 0.27 {1944.00 0.2511800.00 0.25 ]1800.00
Alternate 5A
Area 1 0.32 | 2304.00 0.28 | 2016.00 0.28 |2016.00 0.24 |11728.00
Area 2 0.45 ] 3240.00 0.36 | 2592.00 0.35(2520.00 0.26 |1872.00
Area 2B 0.36 ] 2592.00 0.30 | 2160.00 0.30(2160.00 0.24 11728.00
Area 3 0.28 | 2016.00 0.28 | 2016.00 0.27 (1944.00 0.27 11944.00
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MAINTENANCE REQUIRCMENTS

With the construction of higher quality sireets, additionzl
maintenance requirements will be added to the Town’s operating
EXPENSEL.,

1. The streets should be swept with a power broom at least once a
veary, normally in the late spring or early summer to remove mud, sand
and other debris which has accumulated during the winter.

2. FPlowing of snow, especially from arterial and collector streets,
will become more important with the higher pavement type to provide
safety and minimize water-freezing domage to the pavement.

3. Mainlenance will mno longer simply be a matter of grading the area
smooth and driving away. It will inveolve crack sealing, patching and,
in some cases, possibly outright replacement of small sections of
pavement. The Town will have to provide & different means of
repairing trenches which are cut for various utilities.

4. Maintenance of unobstructed drainage facilities, including curb
and gutter, will be necessary to prevent flooding. Packed snow, ice,
leaves, cardbpoard and other debris will have to be kept out of storm
sewers and their inlets. Packed cnow and ice in gutters or ditches
can cause flooding by backing up water or diverting it into drainages
not sized to handle it. These problems will be most critical in areas
2 and 223 because of the very flat grades in the drainage facilities.

5. It may be necessary for the Town to enact an ordinance restricting
heavy truck traeffic on local streets if such an ordinance does not
already exist 1o protect the light duty pavements from unnecessary
damage and resulting maintenance costs.

Additional persormel, equipment, and training will be needed to meet
these requirements.

25



RECOMMEMDED CONSTRUCTION

An off systems street improvement project funded by the Wyoming
Highway Department has been let for construction during the summer of
1973, This project invelves reshaping and gravelling selected streets
in the Town of Saratoge. The gravel will be applied 3 inches thick for
a 30 foot width to the following streets: Sixth Street from Spring
Avenue to Rochester Avenue; Seventh Street from Spring Avenue to
Rochester Avenuej Rochester Avenue from Sixth Street to Eighth Strect;
Daratogae Avenue from First Streect to Fifth Street and Sixth Street to
Eighth Street; Main Avenue from First Street to Fifth Street and
Sixth Street to Eighth Sireet; and Bridge Avenue from First Strect to
Eighth Strect.

The off systems street project will sllow deferral of work in Area 2B
by two to three years on streets concerried. This will have the
advantage of providing more time for utilities to be constructed prior
to the recommended streelt construction.

We would recommend the following construction: The first choice would
be stage 1 full-depth pavement which would include plant mix base with
& plant mix wearing course and concrete curb and gutters on all
streets to the full designed width. THis has been previously shown as
Alternate 2. Costs may be found in the section under costs.
Assessments with and without varicus grant possibilities may be seen
on Table 3, Faye 24 . Second cheoice would be stage 1 full-depth
pavement using plant mix base, plant miz wearing course for the full
width of the streets with concrete curb and gulter on arterials and
collector streets, substituting an asphalt curb on local sireets.
Again assessments may be seen on Table 3. Third choice and one we
would recommend as & last resert if it is the only way to achieve
paved streets, would be stage 1 full-depth pavement for the travelled
way only. This would invelve plant-mix base and plant-mix wearing
course for the width of the travelled way, 24 feet for local streets,
32 feet for arterials and collectors. There would be no curb and
gutter and we would recommend that the option of protecting the
ditches with a double penetration seal be exercised. The option with
the penetration seal is shown as Alternate 54. Acssessments for this

choice are shown on Tabkle 3.

During design of the chosen alternate, we would recommend
investigating the use of sc0il treatment as a means of reducing costs
by substituting scil treastment for more expensive materials. We de not
recommend using any of the schedules including s0il treatment as a
cost basis for improvement district budgeting wiihout a full design
analysis. BSchedules showing soil treatment are included only to
illustrate the potential cost savings if s=oil treatment will indeed
serve the purpose in Saratoga.

We would further recommend that the Town of Saratoga pursue the
subject of a change of point of diversion of the Hugus Mullison Ditch
with Pacific Power & lLight and the Saratoga land and Catille Company.
We would recoamend that the Town try to get a grant to defray all or
part of the cocst of making the change in the point of diversion if an
agrecment can be reached.
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CONCLUSIONS

Pavement designs for the street system for the Town of Saratoga
have been prepared using the the recommended street plan as presented
in the "Saratoga Major Street Plan" prepared by BRW/Noblitt and

the ASSHTO Design of Pavement Structures in conjuction with the

Wyoming Thickness Design for Flexible Pavement.

The street system pavement should be a flexible pavement structure
consisting of either a full depth asphalt section placed on a

prepared subgrade or an asphalt and granular base course section
placed on a prepared subgrade. Depths of the pavement structures will

depend on the street type and soils exposed at subgrade elevation.

Recommendations for stage construction are presented.

Other design and construction details are discussed in the body of

the report.



SCOPE

This report presents the results of a geotechnical investigation
for the street improvement project for the Town of Saratoga, Wyoming.
The report presents the soil, bedrock, and groundwater conditions
throughout the street system. Recommended pavement sections are given

for the streets. Type of concrete for curb and gutters is also discussed.

PROPOSED CONSTRUCTION

It is proposed to pave the street system in the Town of Saratoga.
At the present time, the majority of the streets are unimproved or
covered with a gravel surfacing. Pavement structures for the streets
have been prepared using the Recommended Plan as presented in the
"Saratoga Major Street Plan" prepared by BRW/Noblitt. Other pertinent
information provided in the report such as traffic volume data has also
been utilized. Pavement structures have been designed using the

ASSHTO Guide for Design of Pavement Structures in conjuction with the

Wyoming Thickness Design for Flexible Pavements and using a 20 year

design period.

FIELD INVESTIGATION

A total of 71 exploratory holes were drilled throughout the street
system. Drilling was started on July 18 and completed on July 20, 1978.
The locations of the exploratory holes are presented in Fig. 1. The
exploratory holes were drilled with a CME-55 truck mounted drill rig
using 4-inch diameter continuous flight power auger. Undisturbed soil
samples were obtained using a California sampler. Disturbed soil samples
were obtained using a 2-inch 0.D. split spoon sampler and from auger

cuttings. Observations of free water were made at the time the test



holes were drilled. The soils for the full depth of the exploratory
holes were classified in the field by a field engineer. Representative
samples of the typical soils encountered were returned to the laboratory
for testing.

Five groundwater observation holes were drilled at the locations
shown in Fig. 1. Slotted PVC pipe was installed in these holes to allow
monitoring the water table.

Also a fact-finding investigation was conducted consisting of
talking with the street department for the Town of Saratoga and local
residents. Information gathered from this investigation consisted of
identifying an o0ld stream channel which meandered through the downtown
section of the city and identifying localized soft spots which occured
in the street system during the spring of 1977. This information is

presented in Fig. 2.

LABORATORY TESTING

The natural moisture content, natural dry density, liquid limit,
plasticity index, and gradation were determined for representative
samples of the typical soils and bedrock encountered in the field
investigation. The materials were classified in accordance with the
Highway Research Board Classification System and the Unified Soil
Classification System. These test results are presented in Figs. 13
through 45 and summarized in Table I. Consolidation characteristics
for typical samples of the soils encountered are presented in Figs. 8
through 12. The water soluble sulfate content was determined for
representative samples; these results are presented in Figs. 3 through 6

and summarized in Table I.
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Six samples typical of the materials in the street system subgrade
were selected for additional testing. The moisture-density relationship
for these six representative samples was determined in accordance with
ASTM D698-70. The test results are presented in Figs. 46 through 51.
The California Bearing Ratio was determined for remolded specimens of
the typical samples. The materials were remolded at their optimum
moisture content and compacted in the test cylinder to approximately 95%
standard Proctor density. The specimens were tested after soaking for
96 hours. The load-penetration curves for the CBR tests are presented
in Figs. 52 through 57 and summarized in Table II. Three of these six
samples were also tested for the Hveem Stabilometer test. Test results
for this test are presented in Figs. 58 through 60 and summarized in
Table IV. All laboratory testing was done in accordance with ASTM and

ASSHTO test procedures.

SUBSOIL CONDITIONS

Subsoil conditions throughout the street system were highly erratic.
In general, subsoils ranged from a medium stiff to stiff clay £fill
containing numerous claystone fragments and gravel; loose to medium
dense, silty to very silty sand and gravel fill; soft to stiff, sandy to
very sandy clay; soft to very stiff, sandy to very sandy silt which
occasionally grades into a very sandy clay-silt; a medium stiff to
stiff, sandy to very sandy clay-silt containing numerous sandy clay or
sandy silt layers; a medium dense, clean to slightly silty sand; a loose
to medium dense, clayey to very clayey sand occasionally intergrading
into a very sandy clay; a loose to medium dense, silty to very silty
sand which occasionally intergrades into a very sandy silt; medium dense

silty sand to sandy silt; very loose to medium dense, slightly organic
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to highly organic silty sand to sandy silt; a loose to very dense,
slightly silty to silty sand and gravel containing numerous cobble;
hard to very hard sandstone bedrock; and a hard to very hard claystone
bedrock with occasional thin interbedded siltstone or sandstone layers.

In general, the area investigated can be divided into three areas
having somewhat similar soil conditions for the proposed roadway system.
Area I consisted of that area west of the Hugus Irrigation Ditch located
between Farm Avenue and Elm Street. In general, these soils consisted
of the finer-grained clays, silts, clay-silts with occasional deposits
of surface fill, coarser-grained sands and coarse-grained sand and
gravels. For design purposes, the soils in Area I were considered to be
the finer-grained clays, silts, or clay-silts and in general classify
as A-4 soils under the Highway Research Board Classification System.
These soils have a moderate strength as indicated by the CBR value of 6
and the respective R value of 35. Water soluble sulfate contents of the
so0il in this area are less than 0.0l percent.

Area IT consisted of the area located east and north of the Hugus
Irrigation Ditch and included the area east of the North Platte River
and north of Bridge Avenue. In general, the subsoils in this area
consisted of two types of soil; slightly silty to silty sand and gravel
soils or slightly organic to highly organic sandy silt to silty sand.
Isolated areas of the finer-grained clays, silts, clay-silts, and clayey
to silty sands were encountered. As indicated on Fig. 2, an old river
channel meandered through this portion of the town. Also, the street
system has experienced localized soft spots as indicated on Fig. 2.

We believe the slightly to highly organic silty sand to sandy silt

deposits are associated with the o0ld river channel or channels and the
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localized soft spots related to the finer-grained soils and/or old

river channel deposits. In general, the finer grained soils classified
under the Highway Research Board Classification System as A~4 to A-7-6
soils depending on the amount of -#200 material and organic content.
These soils, when tested by the Hveem Stabilometer Test, indicate a
moderate strength. However, when subjected to saturation conditions as
indicated by the CBR test results, these soils loose their strength and
possess a very low strength. The slightly silty to silty sand and

gravel soils classify under the Highway Research Board Classification
System as A-l-a soils with occasional deposits of A-1-b to A-2-4 soils.
These soils classify as excellent subgrade soils and have a high strength
as indicated by the CBR and Hveem stabilometer test results. As indicated
by the location of soft spots and the old river channel on Fig. 2, it is
possible that many more such areas exist in Area II and additional old
river channels or localized soft spots may be encountered throughout the
street system in this area during construction. Water soluble sulfate
contents of the soils in this area are less than 0.0l percent.

Area ITII consisted of the area located south and west of the Hugus
Irrigation Ditch between Cypress Avenue and Myrtle Avenue, east of
Highway 130/230. In general, subsoils in this area consisted of the
finer-grained silts to silty sands or the coarse silty sand and gravel
soils. 1In general, the silts classify as A-4 to A-7-6 under the Highway
Research Board Classification System and are similar in strength
characteristics to the clay soils encountered in Area I. The sand and
gravel is similar to that encountered in Area II and possess a high

strength value. With the exception of Test Hole 69, the water soluble
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sulfate content of the soils was found to be less than 0.0l percent.
In the area of Test Hole 69, the water soluble sulfate content was
determined to be 1.95 percent.

Free water was encountered in many of the test holes. 1In general,
the majority of the test holes in which water was encountered are located
immediately adjacent to the Hugus Irrigation Ditch, the Platte River, or
in the more granular soils located in the downtown area. In general,
the groundwater table when encountered varied from approximately 1 foot
to 7 feet below the existing ground surface. We would expect the free
water level to fluctuate with the flow of the water in the Hugus

Irrigation Ditch or North Platte River.

RECOMMENDATIONS FOR ROAD CONSTRUCTION

The required pavement thickness for any section along the street
will depend on the soils exposed in the subgrade and the type of street
proposed for that area. A convenient method of pavement design would be
to use a constant thickness of bituminous pavement and recompacted
subgrade soils throughout the proposed street system for both the minor
arterial streets, collector streets, and local streets. However, this
would result in some very conservative or undesigned sections throughout
the street system. The pavement sections, therefore, have been designed

using the ASSHTO Guide for Design of Pavement Structures in conjunction

with the Wyoming Thickness Design for Flexible Pavement based on street

type and soil type anticipated to be encountered at subgrade elevation.
The present elevation of most of the street systems is such that over-
excavating the existing subgrade soils will be required to allow construc-

tion of a pavement section. Pavement sections have been prepared for
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the different street types and soil types for each of the three areas
described under the subsoil conditions. Pavement sections have been
prepared for full depth asphalt section placed on a prepared subgrade
and for a layered asphalt structure consisting of asphalt and untreated
base course placed on a prepared subgrade. For all of the proposed
streets, the base course should consist of a granular base course
meeting the requirements of Section 304 of the Specifications for Road
and Bridge Construction of the Wyoming Highway Department and be com-
pacted to 100% standard Proctor density. The asphalt should meet the
requirements of Section 403 of the same specifications. The subgrade
for all streets should consist of 12 inches of the existing soil
recompacted to at least 957 standard Proctor density at optimum moisture
content. The recommended pavement sections have been summarized in
Table IV and are as follows:

Area I: The majority of the soils which will be exposed at sub-
grade elevation will consist of the finer-grained clay soils. Pavement
sections have been prepared assuming this soil will be encountered
throughout Area I. For the minor arterial streets, the pavement section
should consist of 2 inches of plant mix pavement and 6% inches of plant
mix base placed on a prepared subgrade or 2 inches of plant mix pavement,
4 inches of plant mix base, and 8 inches of base course placed on a
prepared subgrade. The collector streets should consist of 2 inches of
plant mix pavement and 4 inches of plant mix base placed on a prepared
subgrade or 3 inches of plant mix pavement and 8 inches of base course
placed on a prepared subgrade. For the local streets, the pavement

section should consist of 1% inches of plant mix pavement and &4 inches
P
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of plant mix base placed on a prepared subgrade or 2 inches of plant mix
pavement and 5 inches of base course placed on a prepared subgrade.

Area II: The soils encountered in Area II will consist predom-
inately of the A-l-a silty sand and gravel soils or the slightly to
highly organic silty sand to sandy silt soils. The silty sand and
gravel soils classify as an excellent subgrade soil. As mentioned
above, the slightly to highly organic sandy silt to silty sand soils
lose most of their strength once saturated. Due to the present
elevation of the existing street system, it will be necessary to over-
excavate the streets to allow placement of a pavement structure. Once
the street systems have been over-excavated we believe an inspection
should be made of the subgrade soils to identify those areas where the
poor subgrade soils, the slightly organic to highly organic silty sands
to sandy silts are encountered. Because these soils lose their strength
upon being saturated, we recommend that instead of scarifying and
recompacting the subgrade soils for a depth of 12 inches, these materials
be removed for a depth of 12 inches and a Mirafi 140 or Mirafi 500X
fabric be installed on the existing soils and backfilled with an aggregate
meeting the gradation requirements as outlined under the specifications
presented in the Brochure PM-6 Constructing Roads with Mirafi 140 Fabric
as presented by the Calanese Marketing Company. We recommend the Mirafi
500X fabric be used in lieu of the Mirafi 140 fabric as the Mirafi 500X
fabric is especially made for stabilization purposes. By use of this
fabric, we believe the long term effect would be to provide a more
stable subgrade for the pavement structure and reduce potential pavement
failures. As indicated on Fig. 2, numerous soft spots do exist in the

existing street system. By use of the Mirafi fabric, we feel an economical
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method can be achieved to insure a stablized subgrade for the pavement
structure. The only alternative to insure a stabilized roadway surface
is to over—excavate the poor subgrade soils in their entirety and
replace them with a more suitable granular soil. Pavement structures
placed on the A-1-a silty sand and gravel soils will vary from a minimum
section, as required by standards, of 1% inches of plant mix pavement
and 4 inches of plant mix base to a maximum of 2 inches of plant mix
pavement and 4 inches of plant mix base placed on a prepared subgrade
for a full depth asphalt structure or from 2 to 3 inches of plant mix
pavement and 4 to 5 inches of base course placed on a prepared subgrade.
For pavement sections placed on the slightly organic to highly organic
silty sand to sandy silt soils the pavement structure will vary from 3
inches of plant mix pavement and 8 inches of plant mix base to a minimum
pavement section of 2 inches of plant mix pavement and 4 inches of plant
mix base for a full depth asphalt structure or from 2 inches of plant
mix pavement, 6 inches of plant mix base and 9 inches of base course to
a minimum section of 2 inches of plant mix pavement and 8 inches of base
course if placed directly on the prepared subgrade soils. If the
slightly to highly organic silty sand and sandy silt soils are over-
excavated for a depth of 1 foot and replaced using the Mirafi fabric
and gravel backfill, the pavement structure may consist of 2 inches of
plant mix pavement and 6 inches of plant mix base for minor arterial
streets and 2 inches of plant mix pavement and 4 inches of plant mix
base for both collector and local streets.

Area III: 1In general, the subsoils which will be encountered in
this area will consist predominately of the silty sand and gravel soils

or the silt soils. For a full depth asphalt section, the pavement
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section should consist of the minimum pavement section of 1) inches of
plant mix pavement and 4 inches of plant mix base to a maximum of 2
inches of plant mix pavement and 4 inches of plant mix base placed on a
prepared subgrade or from 2 inches of plant mix pavement and 8 inches of
base course to a minimum of 2 inches of plant mix pavement and 4 inches

of base course placed on a prepared subgrade.

STAGE CONSTRUCTION

It may be desirable to construct a pavement for an estimated
design period of only a few years anticipating that the second stage can
be more adequately designed as traffic patterns become established.
This approach to stage construction design can be valuable for city
streets where future traffic patterns may vary considerably from that
predicted. If stage construction is to be employed for the subject
project, stage construction may be employed if the full depth asphalt
section is used by omitting the plant mix pavement from those pavement
structures listed above. This will require placing the plant mix base
for all the pavement sections and possibly chipping and sealing. Once
the future traffic patterns have been evaluated, the pavement structure
can be completed by addition of the plant mix pavement section. Stage
construction will also provide the advantage of allowing the street
system to be used for an initial period time to evaluate the subgrade
soils and to determine any soft spots which might develop within the
initial design period of the pavement structure. The local soft spots

could then be identified more readily and remedial measures made.

CURB AND GUTTER CONCRETE

The water soluble sulfate content of typical samples of the finer
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grained soils was determined to be 0.0l percent or less with the
exception of the area of Test Hole 69. We believe that Type II cement

can be used for all curb and gutter concrete.

MISCELLANEOUS

Our exploratory borings were spaced as closely as feasible in order
to obtain a comprehensive picture of the subsoil conditions, however,
erratic soil conditions may occur between test holes, if such conditions
are found in the exposed street system subgrade, it is advisable that we
be notified to inspect the exposed street system subgrade.
CHEN AND ASSOCIATES, INC—

. il

Kenneth E. Temme, P.E.

REVIEWED BY
rold Hollingsworth{/Jr., P.E.
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