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I. Introduction

A. Background

In January, 1988, the City of Dover retained the consulting firms of Storch Associates of
Manchester, New Hampshire and Fredette Associates, Inc. of Salem, New Hampshire to provide
technical input into the Transportation Component of the 1988 Master Plan. This technical input
may be expressed in the following task objectives:

Task 1. Identify existing conditions and recommend improvements for twelve problem
intersection locations.

Task 2. Investigate options for improving traffic flow in the downtown Central Avenue Corridor,
including land widening, one-way circulation pattern, or new bypass roadway.

Task 3. Identify long range highway improvement needs for the Route 9 Corridor in the City of
Dover per major industrial rezoning proposed in the Master Plan.

This Technical Memorandum No. 3 - Littleworth Road (N.H. Route 9) Corridor Study documents
the results of Task 3 of the Transportation Component.

B. Methodology

The purpose of the report is to examine the long range traffic impacts of the proposed
future zoning of lands located along the Route 9 Corridor west of Route 155 in the City of Dover.
The study area is outlined on Figure 1.

In the 1985 report to the Dover Planning Department, the Strafford Regional Planning
Commission presented the following comments on the Route 9 Corridor that remain relevant to
date:

“This corridor is one of the major industrial areas within the City. Two industrial parks are
presently located within it, along with the General Electric manufacturing plant. Housing
also exists in the corridor. It is primarily located on Littleworth Road, Bellamy Avenue,
Old Littleworth Road and Columbus Avenue.
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In most urban areas, traffic peaks over an extended period of time. Also, since traffic
usually originates from numerous locations it is spread over an entire road system and does
not unduly congest one particular area. Traffic in an industrial area however, has a
different pattern. It usually intensifies during short periods of time due to shift changes in
the work force, in one particular corridor. The result is often brief periods of traffic
congestion.

Currently, the Littleworth traffic corridor is experiencing traffic congestion common to
many industrial areas: traffic tie-ups during late afternoon shift changes. This problem is
made even more difficult due to the fact that other individuals are also returning to their
homes, located along the Littleworth traffic corridor, at approximately the same time.

It is presently anticipated that significant economic development will occur in Dover over
the next several years. Since some of this economic expansion could result in the location
of new industrial facilities in the Littleworth traffic corridor, a great deal of public attention
has been focused on the development of land in the general area of Littleworth Road.

The purpose of this analysis is to provide Dover City officials with a more accurate
understanding of traffic conditions within the Littleworth traffic corridor. However, as
previously noted, additional information about traffic in the area is needed before a
solution to present traffic problems can be designed.”

This technical memorandum is an extension of the 1985 study and includes a review of

existing traffic conditions, the projection of future traffic volumes generated by the proposed land

use plan, the evaluation of the impacts of those projected volumes on the future roadway system,

and the recommendation of roadway improvements as necessary to accommodate future traffic

demands on the corridor.

The study process has consisted of the following steps:

- On-site investigations of existing roadway and traffic control features along the corridor.

- Review of the 1988 automatic recorder traffic counts on Route 9 (Littleworth Road),
Bellamy Road and Cosby Road.

- Review of 1988 manual peak hour turning movement counts taken at the following
intersections:

Route 9/Route 155
Route 9/Industrial Park Drive (East)
Route 9/Industrial Park Drive (West)

- Estimation of the future (2008) traffic volumes that would be generated by both the
present and proposed land use plan.

- Determination of the future traffic levels of service along the Route 9 corridor, in
particular at the critical intersection of Route 9 and Route 155.
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- Evaluation of the overall impact of the land use plan on the transportation system.

- Recommendation of improvements to the highway system to accommodate future
corridor traffic demands.

The preliminary findings and recommendations of this study task were presented to the
City of Dover Transportation Committee on June 29, 1988. This Final Report reflects the input
provided by the Committee at that time.

C. Acknowledgements

We would like to acknowledge the advice and assistance provided by the following
departments and organizations:

- City of Dover Department of Planning and Community Development.

- City of Dover Department of Public Works.

- City of Dover Department of Public Safety.

- City of Dover Transportation Committee and involved citizens.

- Strafford Regional Planning Commission.

- New Hampshire Department of Transportation, Bureau of Transportation Planning.
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II. Existing Conditions

A. Physical Roadway Conditions

F Route 9 is a two lane highway providing connection between Route 155 in the City of Dover to
points west in the Town of Madbury and the City of Rochester to the north via the Route 125 corridor.

r The posted speed limit in the study area is 35 mph east of Columbus Avenue and 40 mph to the west. The
L. present pavement width is 24 feet with 4 foot treated shoulders within a basic 66 foot right-of-way.

r Route 155 is a two lane highway providing connection to the Spaulding Turnpike and Downtown
L Dover to the north and points south and west through the adjacent Town of Madbury. Approximately 500

feet south of its interchange with the Spaulding Turnpike, Route 155 intersects with Route 9 at a[ signalized ‘T’ intersection.
The general road layout and traffic control in the project area is illustrated on Figure 2.

[ The following basic lane approaches presently exist at the intersection of Route 9 and Route 155:

Northbound Route 155 1 Exclusive Left Turn Lane
1 Thru Lane

Southbound Route 155 2 Thru Lanes (Second lane
presently under construction)

1 Free Flow Right Turn Lane

Eastbound Route 9 1 Exclusive Left Turn Lane
1 Exclusive Right Turn Lane

Further descriptions of existing road conditions are contained in a 1985 report prepared by
the Strafford Regional Planning Commission and are included in Appendix A of this report.

B. Traffic Volumes and Operations

Automatic recorder traffic counts were conducted in April, 1988 for Route 9 near Route 155,
Bellamy Road near Route 155 and Crosby Road near Route 9.

Weekday turning movement counts were conducted from 3:30 to 5:30 PM during the month of
April, 1988 at the following intersections:

Route 9/Route 155
Route 9/Industrial Park Drive (East)
Route 9/Industrial Park Drive (West)

Summary results of the traffic counts are included in Appendix B.
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The resultant 1988 Annual Average Weekday Traffic and PM Peak Hour design volumes were
estimated utilizing monthly automatic traffic recorder reports published by the New Hampshire
Department of Transportation for the permanent counting station along Route 16 in Dover (refer to
Appendix B of Technical Memorandum No. 1) and are illustrated on Figure 3.



F—

>0
a;

¶

‘— 1—

I
I
I.

ttoo

0

0
0
0

0
0
0

(A
0
0
0I

I

I

I
BOSTON & M4INE RAILROAD



>rri
>
C)

BOSTON & MAINE R4ILROAD



TechnicalM
em

orandum
N
o.3

Page
9

III.
Projected

Traffic
C
onditions

A.
Proposed

Land
U
se

Plan

The
proposed

corridorrezoning
plan

is illustrated
in
Figure

4.
Fourzonalareas

are
located

on
the

corridor:

A
rea

A
.Presently

zoned
industrial,this

large
area

extends
on

both
sides

ofR
oute

9
and

includes
the

presentindustrialsites
along

C
rosby

R
oad,IndustrialPark

R
oad,and

the
G
eneralElectric

site.
300

undeveloped
acres

are
available

in
this

area.

A
rea

B.
This

proposed
industrialzone

includes
232

acres
and

is
situated

justnorth
ofR

oute
9
and

w
estofC

olum
busA

venue.

A
rea

C.This
proposed

industrialzone
includes

180
acres

and
is
situated

justeastof
C
olum

busA
venue,extending

from
R
oute

9
to
Tolend

R
oad.

A
rea

D
.Thisproposed

com
m
ercialzone

includes
45

acres
along

the
southw

estcorner
ofthe

R
oute

9/R
oute

155
intersection.

B.
Traffic

G
eneration

The
estim

ate
ofincreased

traffic
thatw

ould
be

generated
by

the
additionalfuture

developm
ent

along
R
oute

9
is
sum

m
arized

in
Table

1.
Industrialzoned

areas
are

assum
ed

to
be

developed
w
ith

lightindustrialfacilities.
The

com
m
ercialzoned

area
is
assum

ed
to
be

developed
w
ith

a
shopping

centerdevelopm
entofapproxim

ately
650,000

square
feet.

G
eneralestim

ates
of vehicle

trip
generation

have
been

developed
utilizing

trip
generation

rates
published

by
the

Institute
ofTransportation

Engineers,“Trip
G
eneration”,1982

(referto
A
ppendix

C).
A
vailable

industrialgross
acresw

ere
reduced

by
33
percentto

accountfor
existing

w
etland

restrictions
and

otherpotentialsite
restrictions.

In
addition,peak

hour
trip

generation
rates

w
ere

utilized
w
ith

consideration
ofstaggered

w
ork

shifts
forthe

large
industrialtrip

generators
in
the

area
(presently

practiced
by

G
eneralElectric

m
anufacturing

plant).
In
determ

ining
the

num
berofadditionalvehicles

that w
ould

be
generated

by
the

proposed
com

m
ercialzone,ithasbeen

assum
ed

thatthe
m
ajority

ofthe
usersw

ould
be

(1)
residents

of the
im
m
ediate

area
or,(2)

people
w
ho

are
currently

travelling
on

R
oute

9
or
R
oute

155.
T
herefore

only
40

percentof the
traffic

generated
by

future
com

m
ercialdevelopm

enthas
been

added
to
the

traffic
system

.
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TABLE
1

CO
RRID

O
R
TRIP

G
EN

ERA
TIO

N

N
et

D
aily

PM
PM

Proposed
D
evel.

D
aily

Trips
Factor

Trips
D
evelopm

ent
A
rea

Factor
(AADT)

In
-O

ut
In

-
O
ut

Existing
y
-

200
60

12000
3.5

6.5
700

1300
fl

Industrial
A
cres

1.
(A
rea

A)

F
Proposed

155
60

9300
3.5

6.5
540

1010
L

Industrial
A
cres

(A
rea

B)

Proposed
Industrial

In)
120

60
7200

3.5
6.5

420
780

(A
rea

C)
A
cres

Proposed
C
om

m
ercial

650,000
40

26000
2.0

2.0
1300

1300
(A
rea

D)
,

G
.S.F.

C.
Trip

D
istribution

and
A
ssignm

ent

In
forecasting

traffic
grow

th, trip
distribution

refers
to
the

origin
and

destination
pattern

of the
trips

thatbegin
or return

to
the

proposed
developm

ents.
Trip

distribution
is dependenton

the

U
geographical locations

of population, em
ploym

ent and
otherattractions.

Traffic
assignm

ent refers
to
the

determ
ination

of w
hich

route
willbe

used
in
travelling

from
the

trip
origin

to
its

destination.
Traffic

assignm
ent depends prim

arily
on

the
travel tim

e
using

available
I.

alternative
routes.

For purposes
of analysis, itis assum

ed
thatthe

additional generated
trips

entering
and

leaving
the

[
proposed

industrial developm
ent willtravelin

each
direction

by
a
volum

e
proportional to

the
percentage

distribution
show

n
on

Figure
4.

Thisdistribution
isbased

on
m
easurem

ents
of directional flow

of existing

[
industrial traffic

at the
Industrial Park

and
Crosby

Road
intersections

and
existing

directional traffic
flow

at the
intersection

ofR
oute

9
and

R
oute

155.
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D.
Projected

B
ackground

Traffic
V
olum

es

Existing
background

traffic
volum

es
(excluding

existing
local industrial traffic

volum
es) w

ere

projected
to

a
20

year planning
horizon

(Y
ear 2008)by

assum
ing

a
2
percent increase

peryear for
traffic

U
along

R
oute

9
and

R
oute

155
in
the

project area.
This

is a
conservatively

low
grow

th
assum

ption
for the

non-industrial traffic
base

as
the

docum
ented

historical grow
th

in
the

area
(N
H
D
O
T
countstation

on

I
D
over PointR

oad)
indicates

overallpeak
hour grow

th
of 3.5

percent peryear.

A
ddition

to
these

volum
es
of present local industrial traffic

and
of projected

local traffic
grow

th

r
for either the

presently
zoned

corridoror the
proposed

corridor
rezoning

results
in
an

effective
m
inim

um

[.
annual corridor grow

th
of3.8

percent or 6.6
percent, respectively, over the

20
year study

period.

E.
R
oad

N
etw

ork
Im
provem

ents
Scenarios

[]
Prelim

inary
analysis

of the
projected

volum
es
utilizing

the
study

area
roadw

ay
netw

ork
indicated

thatthe
capacity

of the
R
oute

9/R
oute

155
intersection

w
ould

define
the

upper lim
its

of R
oute

9
corridor

f
grow

th
potential underacceptable

traffic
operations.

For the
purpose

of this
analysis, a

fullbuild
outof

L
this

intersection
(m
axim

um
feasible

roadw
ay

w
idening)

includes
the

follow
ing

basic
lane

approaches

-
along

w
ith

the
planned

relocation
of B

ellam
y
R
oad

to
the

eastto
align

w
ith

R
oute

9
at its

new

L
intersection

w
ith

R
oute

155:

N
orthbound

R
oute

155
1 Exclusive

Left Turn
Lane

2
Thru

Lanes

Southbound
R
oute

155
1 Exclusive

Left Turn
Lane

2
Thru

Lanes

Eastbound
R
oute

9
2
Exclusive

LeftTurn
Lanes

1 Thru
Lane

W
estbound

R
oute

9
1
Exclusive

Left Turn
Lane

lT
hru

Lane
1
R
ightTurn

Lane

Itis
anticipated

thatthe
above

noted
w
idening

of R
oute

155
w
ill require

extension
into

or

through
the

existing
Spaulding

Turnpike
Interchange

area.
The

projected
2008

traffic
volum

es
along

the

R
oute

9
C
orridor for the

present and
proposed

zoning
also

indicate
the

need
for

a
m
inim

um
4
lane

facility, including
turning

lanes
atm

ajor intersections
east ofC

rosby
R
oad.

In
order to

supplem
ent the

projected
capacity

requirem
ents

at the
R
oute

9/R
oute

155

intersection,the
re-alignm

entof R
oute

9
via

a
new

connector
roadw

ay
to
connectinto

a
new

interchange

w
ith

the
Spaulding

Turnpike
as

show
n
on

Figure
5,w

as
considered

as
an

optional design
scenario.

The
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indicated
alignm

entand
configuration

ofthis
interchange

and
approach

roadw
ay

is forschem
atic

purposes
only,although

the
indicated

interchange
location

allow
s
a
reasonable

spacing
of aboutone

m
ile

El
to
adjacentinterchanges

atR
oute

155
and

R
oute

16/W
eeks

Circle.
The

estim
ated

cost(in
1988

dollars)

of such
a
facility,exclusive

of right-of-w
ay

costs,is
approxim

ately
$5

to
$8

m
illion

forthe
interchange

and

$1.5
to

$2.0
m
illion

fora
four-lane

connectorroadw
ay.

F.
Traffic

Levels
of Service

r
Levelof Service

(LO
S)

is
a
qualitative

m
easure

describing
driversatisfaction

w
ith

a
num

berof

Li
factors

influencing
the

degree
of traffic

congestion.
These

factors
include

speed
and

traveltim
e,traffic

interruption,freedom
to
m
aneuver,safety,driving

com
fortand

convenience,and
delays.

There
are

six

[
levels

of service
describing

traffic
flow

.
The

highestisLO
S
A
, describing

a
free-flow

condition.
The

low
est,LO

S
F, is

described
as
forced

flow, and
is characterized

by
traffic

volum
es
at the

roadw
ay

capacity
[1

and
extrem

e
congestion.

LO
S
C, w

hich
is norm

ally
utilized

fordesign
purposes, describes

a
stable

condition
of traffic

operation.
Ithas

a
som

ew
hatrestricted

m
ovem

entdue
to
highertraffic

volum
es,butflow

conditions
are

L
notobjectionable

form
otorists.

r
LO

S
D
,w

hich
is
acceptable

fortraffic
operations

in
urban

environm
ents

and
during

peak
hours

of

L
traffic

flow
,reflects

a
m
ore

restricted
m
ovem

entform
otorists.

Q
ueues

and
delays

m
ay

occurduring

shortpeaks, butlow
erdem

ands
occuroften

enough
to
perm

it clearance
of developing

queues,thus

[
preventing

excessive
backups.

LO
S
E
is
defined

as
the

actualcapacity
of the

roadw
ay

and
involves

delay

to
allm

otorists
due

to
congestion.

Levels
ofService

E
and

F
are

generally
considered

unacceptable.

[
LevelofService

forsignalized
intersections

isdefined
in
term

s
of average

delay
pervehicle

entering
the

intersection.
D
elay

is considered
a
m
easure

of driverdiscom
fort,frustration,fuel

consum
ption

and
traveltim

e.
Table

2
sum

m
arizes

the
criteria

forsignalized
intersection

levelof service.
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TA
BLE

2
LEV

EL
O
F
SER

V
IC
E
C
R
ITER

IA
FO

R
SIG

N
A
LIZED

IN
TER

SEC
TIO

N
S

LEV
EL

O
F

STO
PPED

D
ELA

Y
SER

V
IC
E

PE
R
V
EH

IC
LE

(SEC
)

A
5.0

B
5.1

to
15.0

C
15.1

to25.0
D

25.1
to

40.0
E

40.1
to

60.0
F

G
reater

than
60.0

SO
U
R
C
E:

1985
H
ighw

ay
C
apacity

M
anual

C
apacity

analysesw
ere

perform
ed

atthe
criticalR

oute
9/R

oute
155

intersection
for the

follow
ing

long
range

developm
entscenarios:

-
“1988

C
onditions”

-B
ased

on
currenttraffic

volum
es

utilizing
the

adjacentroadw
ays

under
existing

conditions.
R
efer to

Figure
3.

-
“2008

C
onditions

-N
o
Rezoning”

-A
ssum

ing
full build

outof R
oute

9/R
oute

155
intersection

only.
R
eferto

Figure
6.

-
“2008

C
onditions

-W
ith

Rezoning”
-A

ssum
ing

fullbuild
outof R

oute
9/R

oute
155

Intersection
only.

R
eferto

Figure
7.

-
“2008

C
onditions

-N
o
Rezoning”

-A
ssum

ing
R
oute

9
Interchange

w
ith

Spaulding
Turnpike

and
upgrade

ofR
oute

9/R
oute

155
Intersection.

R
efer

to
Figure

8.

-
“2008

C
onditions

-W
ith

Rezoning”
-A

ssum
ing

R
oute

9
Interchange

w
ith

Spaulding
Turnpike

and
upgrade

ofR
oute

9/R
oute

155
Intersection.

R
efer

to
Figure

9.

The
capacity

analysesw
ere

conducted
using

the
m
ethodology

of the
1985

H
ighw

ay
C
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TABLE C
LEVEL OF SERVICE SUMMARY

ROUTE 9/ROUTE 155 INTERSECTION

No Route 9 With Route 9
Interchange Interchange

No With No With
Present Rezoning Rezoning Rezoning Rezoning
1988 2008 2008 2008 2008
LOS LOS LOS LOS LOS

EM EM EM EM EM
C F F C D/E

Turning movements from Route 9 onto Route 155 presently experience some delay with
overall Level of Service C operations during the PM Peak Hour. With no proposed rezoning and the
assumed growth in background traffic, the full build out of road improvements at this intersection will
be operating at or over capacity (Level of Service F) by 2008.

With the total additional volumes generated by proposed rezoning, capacity conditions will be
exceeded (Level of Service F) prior to the year 2008.

With the addition of a new Route 9 alignment and interchange with the Spaulding Turnpike,
satisfactory Level of Service C operations are anticipated through the year 2008 assuming full build
out of intersection improvements and no proposed rezoning. With the proposed rezoning plan the
intersection will operate at Level of Service D/E.

G. Corridor Growth Implications

The key location constraining the potential capacity of the Route 9 Corridor is the Route
9/Route 155 intersection.

Based on the continued growth of highway traffic, turning movements from Route 9 to
northbound Route 155 and the Spaulding Turnpike will cause the intersection of Route 9 and Route
155 (assumed full build out of intersection improvements) to reach capacity by the Year 2008. This
condition will occur with no proposed rezoning of existing vacant lands in the City of Dover.

Utilizing the trip generation rates expected to be developed as a result of the implementation
of the proposed rezoning, combined wi.h an analysis of the existing surrounding traffic characteristics,
it can be concluded that these new development areas will accelerate the timing when saturated
conditions are reached at the intersection of Route 9 and Route 155.
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However, assuming the full build out of improvements to the Route 9/Route 155 intersection
is supplemented by the realignment of Route 9 to a new interchange on the Spaulding Turnpike, the
former intersection will accommodate projected traffic growth with or without the City’s proposed
rezoning plan.

In light of the above findings, particularly with regard to the conservatively low estimate of
potential corridor traffic growth utilized in the analysis, it is concluded that a new interchange with the
Spaulding Turnpike is needed whether or not zoning changes are implemented along the Route 9
Corridor. It can also be concluded that without the new interchange, rezoning of the corridor for
additional industrial or commercial growth cannot be reasonably accommodated by the present
roadway system.
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IV. Recommendations

Presented below are recommendations for highway improvements needed to accommodate
the proposed traffic growth along the Littleworth Road corridor. Unless otherwise noted, these
recommendations are based on accommodation of the proposed corridor rezoning plan as
depicted in Figure 9. The implementation of a new interchange on the Spaulding Turnpike is also
assumed which, at the time of this writing, is being discussed with the New Hampshire Department
of Transportation.

1. Construct a new interchange with the Spaulding Turnpike in the vicinity of
Tolend Road. The exact location and configuration of this interchange is
beyond the scope of this memorandum although the indicated location
between the Silver Street and Weeks Circle interchanges provides a
reasonable interchange spacing of approximately one-mile.

2. Construct a new connector roadway (4-lanes minimum) between this
interchange and a new signalized intersection with Littleworth Road east of
Columbus Avenue. The New Hampshire Route 9 designation should be
relocated to this new route.

3. Construct the aforementioned full build out of improvements to the Route
9/Route 155 intersection including: relocation of Bellamy Road to opposite
Littleworth Road (presently being planned by N}IDOT); widening of Route
155 and Littleworth Road to at least five-lane sections in the vicinity of the
intersection; and extension of this widening of Route 155 into the present
Spaulding Turnpike interchange to accommodate merging and weaving
maneuvers. Bellamy Road north of Route 155 should be closed with access
directed to Old Littleworth Road. These improvements will be required
with or without rezoning.

4. Widen Route 155 south of Littleworth Road to at least a four lane section
adjacent to the proposed commercial/retail zone. Localized widening to six
lanes, for addition of left and right turn lanes, is recommended at a future
primary entrance to the commercial site.

I. -
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5. Except as noted below, widen Littleworth Road to at least a four-lane
section (five lanes desirable for left turn lane implementation) from Route
155 through Old Stage Road. Localized widening to six lanes for addition
of left and right turn lanes is recommended at key intersections (see Item 6
below). With implementation of the proposed interchange, the four-lane
widening of the Littleworth Road bridge structure over the Boston and
Maine Railroad tracks is not necessary, although minor widening for
additional lateral roadway clearance would be desirable. Without the
proposed rezoning and interchange, this four-lane widening could be
limited to east of and including, the Industrial Park Road (west)
intersection.

6. To the extent practicable, minimize the proliferation of uncontrolled site
entrances along the corridor. Recommended as a long term goal would be
the concentration of future site and side street traffic at the following
primary intersections, upgraded with exclusive turn lanes and signalization:

a. Littleworth Road at Old Littleworth Road and future commercial
site.

b. Littleworth Road at Industrial Park Road (East) and General
Electric Drive. The present offset between both site entrances
(about 50 feet) should be eliminated. Widening of Littleworth Road
for turn lanes at this intersection may need to be extended back to
or through the railroad crossing structure.

c. Littleworth Road at Industrial Park Road (West) should also be
considered as a major intersection, although its ultimate traffic
control requirements will depend largely on the final configuration
of the Littleworth Road connection to the proposed interchange
connector road.

d. Littleworth Road at Columbus Avenue. Columbus Avenue will
need to be reconstructed to serve as a major collector road for
industrial site traffic to the north:

e. Littleworth Road at Crosby Road and 5türe industrial site.



Technical Memorandum No. 3 Page 24

f. Route 155 and future commercial/retail site (primary site access

south of Littleworth Road intersection).

g. Interchange Connector Roadway and future industrial site

entrance(s) (one major intersection).

The above intersection locations will provide an approximately one-quarter

mile spacing between traffic signals. Coordination of signals along

Littleworth Road is recommended.

7. The present 66 foot right of way along Littleworth Road is marginally

adequate for a four lane curbed roadway with sidewalks. A continuous 5-

lane section (central lane for left turn usage at key intersections) would be

desirable as a long term goal with recommendations for a right-of-way

width of 80 feet (for curbed roadway with sidewalks) or 100 feet (for

uncurbed roadway with shoulders).

3.

••
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County Farm Road

(6O37422523
Strafford Regional Planning Commission

January 9, 1985

Mr. Timothy C. Sheldon
Planning Director
City Hall
Dover, New Hampshire 03820

Dear Tim,

Please find attached the preliminary study, prepared by the Straf ford RegionalPlanning Commission, of traffic conditions in the Littleworth Road trafficcorridor.

As outlined in the report, the primary cause of traffic congestion in thestudy area is the increased traffic flow related to shift changes at industrialfacilities along the Littleworth Road traffic corridor.

As was noted inthe report, the purpose of this study was to provide DoverCity officials with an accurate understanding of traffic conditions alongLittleworth Road. However, we would strongly recommend that additionalanalysis beperformed in order that a solution to existing and future trafficproblems can be properly designed.

We look forward to working with you in this matter and we appreciate all ofthe assistance provided by the Dover Police and Planning Departments inccmplecing this study in such a short time period.

Sincerely,

z
Jimmy E. Hicks
Executive Director - -

cc: Robert Steele

attachment
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INTRODUCTION
,i.

In December 1984. the Dover Planning Department,(see AppendixA) requested that the Straf ford Regional Planning Commission (SRPC) provideassistance in analyzing traffic conditions along the Littleworth Roadtraffic corridor. In making this request. the Plannina Director statedthat the Dover Planning Board was particularly intersted in understandingpresent traffic volumes on Littleworth Road. the road’s overall trafficcapacitY, as well as the impacts of numerous intersections within thecorridor.

On January 2, 3 and 4, 1985, SRPC and Dover Plannina Department staffconducted traffic counts at various intersections along Littleworth Road.Additionally, the Dover Police Department collected information on vechilespeed.

The following report is an analysis of the collected data.However, before discussina specific results of the analysis, severallimitina factors must be noted. First, sufficient time to collectstatistically supportable data was not available. Traffic counts had to bemade in a three day period in which one was the first day after a longholiday vacation and another was on a Friday. Second, the University of NewHampshire, a major taffic generator in the area was not in operation. Whilethis last factor does not affect traffic on Littleworth Road sianificantly,it does have an impact on the use of Route 155.

BACKGROUND

The Littleworth Road traffic corridor is located along the westernboundary in the city of Dover. New Hampshire (see Figure 1). It begins atthe intersection of Knox Marsh Road (Route 155) with Littleworth Road (Route9) lust west of Exit & on the Spaulding Turnpike. It continues for 1.5miles west-northwest along Littleworth Road (see Figure 2).

This corridor is one of the major industrial areas within the City.Two industrial parks are presently located within it. along with the GeneralElectric manufacturina plant. Housing also exists in the corridor It isprimarily located on. Littleworth Road. Bellamy Avenue, Old Littleworth Roadand Columbus Avenue.

In most urban areas, traffic peaks over an extended period of time.Also, since traffic usually oriainates from numerous locations it is spreadover an entire road system and does not unduley concTestone particular area.Traffic in an industrial area however, has a different pattern. It usuallyintensifies during short periods of time due to shift changes in theworkforce, in one particular corridor. The result is often brief periods oftraffic congestion.
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Currently, the Littleworth traffic corridor is experiencing trafficcongeston common to many industrial areas; traffic tie—ups during lateafternoon shift chanaes. This problem is made even more difficult due tothe fact that other individuals are also returning to their homes, locatedalong the Littleworth traffic corridor, at approximately the same time.

It
is presently anticipated that significant economic development willoccur in Dover over the next several years. Since some of this economicexpansion could result in the location of new industrial facilities in ther Littleworth traffic corridor, a great deal of public attention has beenjJ focused on the development of land in the general area of Littleworth Road.

[ The purpose of this analysis is to provide Dover City officials with amore accurate understandina of traffic conditions within the Littleworthtr3tfic corridor. However, as previously noted, additional informationabout traffic in the area is needed before a solution to present traffic[ problems can be designed.

ANALYSIS

Based on discussions with Dover Planning Department staff and a visualinspection of the site, it was decided that a four stev approach would beused in this analysis. The first step was the development of capacityfl ratings for the corridor. This would provide a basis to determine theLI maximum number of vehicles able to use Littleworth Road safely andefficiently. These ratings were developed for two different locations onLittleworth Road as well as for Route 155.

The second step was the measurement of the present volumes of trafficwithin the corridor. This was done by counting the number of vehicles oneach roadway for a standard period of time. Comparing present volumes tothe capacity ratings indicates a level of service provided by a particularroad. This data allows an assessesment of present operating conditions ofthe roadway at the point of analysis.

The third step was the analysis of the operation of the intersectionslocated within the c’orridor. This step is very crucial since the “linkcapacity is equal to the capacity of the most restricted intersection on thelink.”l In the Littleworth Road corridor there were eiaht (8)intersections of interest. Beginning on the west end of the corridor, thefirst intersection analyzed was Littleworth Road and the entrance to theCrosby Road Industrial Park. Second was the intersection of LittleworthRoad and Columbus Avenue. Third and fourth were the interzections ofLittleworth Road and the two entrances accessing the Southeast New Hampshire
I National Cooperative Highway Research Proaam Report 187; Quick—ResponseUrban Travel Estimation Techniques User’s Guide, page 146.

1
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Industrial Park. Fifth was the intersection of Ljttleorth Road and theentrance to the General Electric Plant. Sixth was the intersection ofLittleworth Road and Old LittlewOrth Road. Seventh was the intersection ofLittleworth Road and Route 155. Ejqhth, and last, was the intersection ofRoute 155 with Bellamy Road (see Figure 2).

The fourth and final step was an examiniation of other situations whichcould interfere with traffic flow in the corridor. Possible examples ofthese types of problems are sharp curves, steep hills, excess speed orcommercial establishments with access problems.

A. Capacity Ratinas

Capacity ratinqs were developed for three different locations withinthe Littleworth Road traffic corridor. These ratinqs are based on the lanewidth of a roadway, the width of the shoulder. the percentage of trucks onthe roadway and the grade to determine the total number of vehicles thatcould use the roadway safely and efficiently.

Analysis was conducted on Littleworth Road at two locations. The firstwas at Columbus Avenue which was iudaed to be an average section of theroadway. The second was for the narrower section found at the B&M Railroadbridge. A final capacity rating was developed for Route 155 west of theintersection with Littleworth Road. East of this intersection, trafficmovements become too complicated to conduct this type of analysis. Resultsof the capacity ratings (see Appendix B for computations) are listedbelow:.

1. Littleworth Road, Columbus Avenue Capacity = 1.748 vehicles perhour;
2. Littleworth Road, railroad bridge; Capacity = 1,414 vehicles perhour;
3. Route 155, west of Littleworth Road; Capacity = 1,610 vehicles perhour.

B. Level of Service Ratinas

Once the capacity of a roadway has been computed. the results can beused with present volumes to develop a level of service rating. This ratingcompares computed values against a benchmark value and then stratifies theminto various levels of service. Table 1 demonstrates how operatingconditions relate to different levels of service.

5 1



1 11TABLE 1 4LEVEL OF SERVICE OPERATING CONDrnONj

A Free flow, low volume. hiqh-operatin
speed, high maneuverability.

B Stable flow, moderate volume; speedsomewhat restricted by traffic
conditions, high maneuverability.

C Stable flow, high volumes; speed and
maneuverability determined by traffic
conditions.

D Unstable flow, high volumes, tolerablebut fluctuating operating speed and
maneuverability.

E Unstable flow. hiqh volumes
approaching roadway capacity, limitedspeed (30 mph), intermittent vehiclequeuing.

F Forced flow, volumes lower thancapacity due to very low speeds.
Heavy queuing of vehicles, frequent
stoppages.

For each of the locations where capacities were developed in the lastsection, levels of service were computed. Present traffic volumes werederived from counts taken on January 3 and 4. 1965. Results (see Appendix Bfor computations) of the Level of Service (LOS) Ratings are listed below:

1. Lttleworth Road; Columbus Avenue LOS = A2. Littlworth Road,2 railroad bridge LOS = C3. Route 155, west of Littleworth Road LOS = A

C. Intersections

1. Littleworth Road and Route 155. It has previously been noted that “linkcapacity is equal to the capacity of the most restricted intersection on thelink.” The intersection of Littleworth Road and Route 155 provides strongsuoport for this statement. Alleviating the congestion at this intersectionwould substantially reduce congestion within the entire traffic corridor.

2 There are other factors that interfere with the operation ofLittleworth Road in this area. They are discussed further in the nextsection of the report.
V
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The most predominant factor causing traffic conaestion at thisintersection is the 4-5:00 P.M. shift change. This shift change occurs inconjunction with regular peak hour traffic causing substantial backups onthe Littleworth Road leg of the intersection.

A second factor leading to congestion is that a high percentage of theshift change traffic in the Littleworth Road traffic corridor follows the[ same route. This route is east on Littleworth Road to Route 155 and left onRoute 155 into Dover or onto the Spaulding Turnpike. It is the predominanceof left turns onto Route 155 that forces traffic to back up.

The traffic signal presently located at the intersection allows only anr average of 15 vehicles through per areen phase. This causes the stacking ofvehicles which, at its worse, can back traffic up beyond the B&M railroadbridge. This stacking then often inhibits traffic movements into or out ofOld Littleworth Road and the first entrance into the Southeast New HampshireIndustrial Park.

The other two parts of the intersection do not have the problems of theLittleworth Road section. However, they do both have substantial peak hourtraffic. Forty—five percent of the traffic flowing into the intersectionfrom Dover on Route 155 continues straight, while 55 percent turns ontoLittleworth Road. A riaht turn lane exists from Route 155 to LittleworthRoad allowing free flowing right turns thus decreasing traffic back up onthis leg.

Traffic traveling east on Route 155 primarily continues straightthrough the intersection. Only eight percent left turns were made and aseparate left turn lane and signal phase exist for these movements.

2. Bellamy Road and Route 155. The amount of traffic using Bellamy Road isnot very large. Due to its proximity to the intersection of LittleworthRoad and Route 155 however, left turn movements are often difficult at peakhours. Observation made during this study indicated that traffic on Route155 at the intersection of Littleworth Road never backed—up across BellamyRoad. This does not totally inhibit left turns but it does limit them andforce some backing—up of cars on the southern leg of Bellamy Road. -

The southern leg of Bellamy Road is freuentlv used as a short cutbetween Routes 155 and 108. Because of this access. traffic on this leg issubstantaillv larger than on the north lea. It would not take a verysubstantial increase in traffic on either Bellamy Road or Route 155 however,to make this intersection a substantial traffic problem.

3. Old Littleworth Road and Littleworth Road. O1d. Littleworth Roadreceives very little traffic since it services only a residential area.

7



Traffic counts showed that over the peak hour, only four vehicles turnedinto the road and only one vehicle pulled out.

Pulling out onto Littleworth Road is no problem if one wants to headwest. If one wants to head east, it is very difficult during the peak hourhowever. This is due to the backup problem found on Littleworth Road at theintersection of Route 155. To bypass this problem. one can travel down OldLittleworth Road .to Bellamy Road accessina Route 155 east of the LittleworthRoad intersection. Turning onto Route 155 here is somewhat difficult but atthe present time it is much better than Littleworth Road.•

4. General Electric and Littleworth Road. The General Electric Company hasrecognized the traffic problems on Littleworth Road. To accotnnidate theiremployees, they have established a 3:30 P.M. shift change. Because of thesize of the shift change, a backup does occur as employees exit the plantonto Littleworth Road. The backup is very short however as traffic onLittleworth Road at this time is quite moderate. The number of employees atthe General Electric Plant is also not large enough to create conaestion atthe Route 155—Littleworth Road intersection as occurs later in the day.Staggering shift times is a very easy, low cost solution to peak trafficconaestion problems.

5. Southeast New Hampshire Industrial Park and tittlëworth Road. TheSoutheast New Hampsnire Industrial Park is the prime cause of trafficcongestion within the Littlewoth Road traffic corridor. Many employeeswithin this park change shifts at the same hour. This causes substantialtraffic to backup at the two exits from the park. Over 70 percent of thistraffic turns east onto Littleworth Road moving towards the intersection ofRoute 155 while less than 30 percent turns west towards Barrington.

This predominant eastward flow is responsible for the backup found atthe intersection of Littleworth Road and Route 155. If traffic flowed moreheavily westward. coñaestion at Route 155 would decrease. However, theincrease in left turns onto Littleworth Road would slow the egress oftraffic substantially from the industrial park roadway.

This is easily demonstrated by observing present traffic patterns atthe second (further west) industrial park roadway. Here, an island has beenplaced at the intersection with Littleworth Road. This island separatesleft turning traffic from right turning traffic. When operating propertl,left turning traffic waits in its own separate lane for a gap. Since a leftturn requires a aap in both intersecting lanes and a right turn only one,separation allows for greater traffic flow in the right turn lane.

Unfortunately, at this intersection the left turn island is only largeenouah for three or four vehicles. Once this queue is full, left turntraffic is forced to wait in the right turning traffic lane defeatina thepurpose of the island. This problem is coznpoundedby the fact that the

8



second roadway receives much greater use than the first. This is becausethe major employee parking lot is located closer to the second roadway.

Because of the backup problem at Littleworth Road and Route 155, it isdefinately better to keep the traffic at the second driveway. Thisincreases the distance of the backup from the bulk of the industrial parktraffic thus allowing easier access to Littleworth Road. Changing thedesign of the separate left turn lane would ease access onto LittleworthRoad even more.

6. Columbus Avenue and Littleworth Road. Columbus Avenue is a residentialroad linking Littleworth and Tollend Roads. At the present time theintersection with Littleworth Road is poorly designed. A traffic islandseparates right turning traffic from left turning. However a similarproblem exists here with the island as found at the second SoutheastIndustrial Park roadway. There is also a short. steep downward slope onColumbus Avenue just prior to the intersection with Littleworth Roadlimiting safety and restricting sight distance.

Presently this intersection receives little traffic so its poor designi not a severe problem. If traffic on this road should increase, asubstantial redesign of the intersection would be required.

7. Crosby Road Industrial Park and Littleworth Road. Currently thisintersection has no operatinal difficulties. Shifts at the companies withinthe industrial park change prior to the peak hour and traffic is very.rnoderate. As development continues to increase in the industrial park andemployment rises, this intersection will have a greater impact on theoverall Littleworth Road traffic corridor. It is far enough west of Route155 that it will not be tied up in congestion at that intersection, howeverit will help compound it.

D. Other Problems

There are two other problems that also interfere with the operation ofthe traffic corridor. Each of these is.noted briefly below.

1. The service station east of the B&1 Railroad bridge has unlimitedaccess onto Littleworth Road causing prb1ems with vehiclesseeking entrance onto Littleworth Road.

2. Because of curves and hills in the traffic corridor, sightdistance problems often occur at intersectons and driveways.

L



CONCLUSIONS

As was previously noted this is a preliminary traffic study with muchof the analysis based on simple observations. From these observations ithas become obvious that a traffic problem exists within the corridor that isrelated to shift changes at the manufacturing companies within the corridor.These shift changes release large quanitites of traffic into the corridor ina short period of time all predominantly following the same route.

Specific recommendations to address this problem can not be made fromthe analysis conducted thus far. More detailed information about thecorridor and its traffic patterns must be collected. Once further study hasbeen completed. recommendations can be made and the process of institutingimprovements can begin.

10
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DEPARTMENT OF PLANNING AND COMMUNITY DEVELOPMENTCITY OF DOVER, NEW HAMPSHIRE 03820

,.— TIMOTHY C. SHELDON
TEL. (603) 742-3551DIRECTOR

LINDA L. CLARK
CD COORDINATOR

December 20, 1984

Jim Hicks
Executive Director
Strafford Regional Planning Commission
County Farm Road
Dover, New Hampshire 03820

Dear Jim:

The City of Dover’s Planning Board, at the request of theDover Industrial Development Authority, has proposed a rezoningL of 110 acres of land along the Littleworth Road, from residentialto restricted industrial. (Please see attachment.)
A Public Hearing has been held and concerns have beenfl raised relative to the operating capacity of.Littleworth Road,Li and particularly the Routes 9 and 155 intersection.

The Planning Board would like to have a handle on theFl Littleworth Road’s design capacity, operating capacity (on—offpeak), as well an an assessment of the aforementionedintersection’s operating characteristics.
Given the above, I would request we schedule a meeting assoon as possible to determine whether or not assistance isavailable and the study parameters.
Thank you for your consideration of this matter.

Very truly yours,

Timothy C. Sheldon
Planning Director

11
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CAPACITY RATINGS, COMPUTATIONSfrom: Special Report 87; Highway Capacity Manual 1965

C2OOO WcTc
in which

c = capacity (mixed vehicles per hour, total in both directions);
= adjustment for lane width and lateral clearance at capacity.

t = truck factor at capacity, for overall highway sections.

Wc Factors

Littleworh Road, at

1. Columbus Avenue — 12 foot lanes, 4 foot shoulders, side obstructionsWc= .94.

2. B&M Railroad bridae - 12 foot lanes, no shoulder, side obstructionsWc= .83.

3. Route 155. west of Littleworth Road — 11 foot shoulders, sideobstructions 4c= .76.

Tc Factors

1. Littleworth Road - three percent trucks, slightly hilly Tc= .93.

2. Route 155. west of Littleworth Road — three percent trucks, level Tc=.97.

3. Littleworth Road, at Columbus Avenue — C=2000 (.94) (.93) = 1748vehicles (both directions).

4. Littleworth Road at B&M Railroad Bridge - C=2000 (.76) (.93) = 1414vehicles (both directions).
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3. Route 155, west of Littleworth Road - c20O0 (.83) (.97) 1610vehicles (both directions.

Level of Service Ratings
from: National Cooperative Highway Research ProgramReport 187; Quick-Response Urban Travel Estimation

Techniques User’s Guide

V/C Volume/Capacity = Level of Service

1. Littleworth Road at Columbus Avenue - V/C = 750/1748 = .43 Level ofService A.

2. Littleworth Road at B&M Railroad Bridae - V/C 1090/1414 = .77 = Levelof Service C.

3. Route 155, west of Littleworth Road - V/C = 970/1610 = .60 = Level ofService A.
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TECHNICAL MEMORANDUM NO.3

LITfLEWORTH ROAD (N.H. ROUTE 9) CORRIDOR STUDY

APPENDIX B

1988 TRAFFIC COUNT DATA



TRAFFIC ANALYSIS SYSTEM VOLUME COUNT

FOR

LITTLEWORTH ROAD NEAR ROUTE 155
BELLAMY ROAD NEAR ROUTE 155

CROSBY ROAD NEAR LITTLEWORTH ROAD

.4 S

CITY OF DOVER, NEW HAMPSHIRE
ENG INEERING DEPARTMENT
PAUL VLASICH & CARL QUIRAM
APRIL 8, 1988
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T R A F F 1 C liD V E ME U I S WIN A RY TA F’ I.E

TOWN DOVER
DAY OF IJEEL: WED
COMPLETED DY: N

LOCATION. . RT9/INDUSTRIAL(W)
WEATHER.

OATE:...... 4/13/88
ROAD SURFACE.

A
EAST—POUND ON WEST-BOUND ON
RTE 9 RTE 9

S R TOT L

C TOTAL
NORTH—BOUND ON 15 MIN.
IND. (W)

HOURLY

TOWN DOVER
DAY OF WEEk: WED
COMPLETED BY:S

LOCATION. . RT9/INDUSTRIAL(E)
WE AT HE R,

DATE’ 4/13/88
ROAD SURFACE.

A B
TIME EAST-BOUND ON WEST—BOUND ON

PERIODS RTE 9 RTE 9
S R TOT. L S TOT. L

C TOTAL
NORTH-BOUND ON 15 HIN. HOURLY
IND. CE) TALLY TOTALS

R TOT.

TIME
PERIODS

S TOT. L R TOT.
TALLY TOTALS

.,3:30-3:45 92 23 115 84 117 11 22 33 265

L 3:45—4:00 50 17 67 32 86 118 58 95 153 338
4:00—4:15 74 6 80 40 114 154 48 100 334)L

4: 15—4:30 60 14 74 26 95 121 7 19 26 221
4:30-4:45 66 2 68 6 86 92 11 “ 23 1834-

4:45—5:00 59 8 67 14 102 116 9 17 26 209
5:00—5:15 67 3 70 11 85 96 28 18 46 212
5: 15-5:30 47 3 50 8 95 103 12 9 21 174

TOTAL 515 76 591 170 747 917 188 240 428 1936
591 917 428TOTAL OF LS,R

FILE NAME: RT9—IW

1158
1. 076
947
825
778

TRAFFIC MOVEMENT SUMMARY TABLE

3:30-3:45 129 0 129 6 106 112 4 29 33 274r 3:45-4:00 138 0 138 7 137 144 1 16 17 299U 4:00—4:15 177 0 177 8 141 149 19 55 74 400
4:15-4:30 75 0 75 4 126 130 6 22 28 233

, 4:30—4:45 100 2 102 4 108 112 2 29 31 245I 4:45—5:00 65 0 65 5 111. 116 3 18 21. 202
5:00-5:15 88 0 88 5 100 105 1 56 57 250
5: 15—5:30 67 1 68 2 106 108 1 26 27 203

TOTAL 83 3 842 41 935 976 37 251 288 2106
842 976 288TOTAL OF L,S,R

FILE NAME: RT9-TE

1206
1177
1 080
930
.00



TRFF1C IIOVEHENT SUMMARY TABLE

TOWN....... DOVER
DAY OF WEE(:THURS

LOCATION....... ROUTE 9/ROUTE 155
WEATHER........ ROAD SURFACE,

DATE:,..,, 4/14/88
COMPLETED BY, .

I S R TOT. I S (R TOT. I S R TOT. I S R TOT.

::30-3:45 152

f 3:45-4:00 91
4:00—4:15 194
4:15—4:30 93
4:30—4:45 109
4:45-5:00 89
5:00-5:15 137
5:15-5:30 119

TOTAL 984
TOTAL OF L,S1R

31 43 655
27 36 510
37 44 635
44 54 471
39 49 519
31 47 592

2271
2135
2217
2178
2346

B 0 TOTAL
TIME EAST—BOUND ON NORTH-BOUND ON SOUTH—BOUND ON WEST-BOUND ON 15 NIH. HOURLYPERIODS RTE 9 RTE 155 RTE 155 BELLEMY RD TALLY TOTALS

11 163 19 169 18 206 37 96 110 243 12
5 96 B 115 7 130 31 104 113 248 9
15 209 9 141 [0 160 31 94 97 222 7
4 97 8 87 8 103 31 82 104 217 10
8 117 8 115 16 139 24 92 98 214 10
12 101 7 149 17 173 42 108 121 271 16
11 148 9 129 [7 155 45 96 101 242 8 43 51 596
10 129 12 159 12 183 51 132 98 281 10 36 46 639

0 76 1060 80 1064 105 1249 292 804 842 1938 82 0 288 370 4617
1060 1249 1938 370

FILE NAME: RT9-115



TECHNICAL MEMORANDUM NO.3

LITfLEWORTH ROAD (N.H. ROUTE 9) CORRIDOR STUDY

APPENDIX C

TRIP GENERATION FACTORS

Reference: Institute of Transporation Engineers
“Trip Generation”, 1982

rn



100 Industrial/Agricultural
Industrial

The categories of industrial activities surveyed
include light industry, industrial parks, man
ufacturing and warehouses. Many of the
categories overlap, for example, manufactur
ing and warehousing facilities often occupy the[ same building. Occasionally, there is a probL 1cm in distinguishing between comparable
land uses such as light industrial and manufac
turing. In cases where doubt exists as to the
exact category of industrial use, it is suggested
that the following composite rates of average
weekday trip ends be used:

Per employee
Per 1,000 gross square
feet of floor area
Per acre

Nearly all of the more than 80 cases analyzedwere on the East and West Coasts of the UnitedStates. Additional data from noncoastal statesare needed to verify the accuracy of the information acquired up to this time.

Little data were found with regard to weekendtrip generation for industrial facilities. Exceptin unusual circumstances, however, it may beassumed that weekend trips to and from industrial areas will be nominal in comparison withweekday rates.

Finally, substantially more information isneeded with regard to traffic movements during shift changes at industrial facilities oper
ated around the clock. While the trip rates de
scribed herein refer to peak directional move
ments, the transportation planner should be
cognizant of potential opposing traffic as well
as the need for surplus parking space during
shift overlap.

Measure Average Weekday
Trip Ends

3.0

5.43
59.9

The following tables summarize compositetrip generation rates for all industrial
categories from the data assembled to date.

1i

•:r ,

.‘ V



SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type Industrial ITE Land Use Code 100Independent Variable—Trips per Atr

Average Number Average Size ofTrip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/Study
Average Weekday Vehicle Trip Ends 9 1. 2 3. 5 — 87Peak A.M. Enter
Hour Between Exit
of 7and9 Total 93 1211.0 0.5 66Adjacent P.M. Enter
Street Between Exit
Traffic 4 and 6 Total 12 0 1118, 0 0.6 62
,- A.M. Enterne Between

IHour 6:00 and Exit
7:30 Total 11.5 1211.0 811P.M. Enter
Between
3:00 and Exit

—____

14:30 Total 10.0 1118.0 0.6 811Saturday Vehicle Trip Ends
4.Peak Enter fHourof Exit

,wGenerator Total
Sunday Vehicle Trip Ends
Peak Enter
Hour of Exit
Generator Total

—

Source Numbers

.*.ITE Technical Committee 6A-6—Trip Generation Rates
•:..

Date 1975, Rev 1979

4



110—General Light Industrial

Description: Light industrial facilities usuallyemploy less than 500 persons with an emphasison other than manufacturing. Nevertheless,the distinction between light industrial andmanufacturing (Category 140) land uses issometimes vague. Light industries typical ofthose included in this category are printingplants, material testing laboratories, assemblers of data processing equipment andpower stations.
All of the light industries surveyed were freestanding facilities devoted to one use. Thenumber of employees ranged from 76 to 413with an average of 202. Average gross floorspace per employee was 587 square feet—or 1.7employees per 1,000 square feet of floor space.The employee density per acre of developedland was 16.4. Buildings ranged in size from21,000 to 328,000 square feet.

Trip Characteristics: Since parking spaces are usually determined by the size of the building, it isrecommended that parking spaces should notbe used as a predictive independent variablefor calculating average weekday vehicle trip

On the average, light industrial facilities generate 3.2 weekday vehicle trip ends peremployee and 5.5 vehicle trip ends pci- 1,000gross square feet of floor area. See the following table for daily and peak hour trip generation rates.
Light industrial facilities usually generatetrips at the same time as adjacent Street traffic(7 to 9 A.M. and 4 to 6 P.M.), as indicated in thefollowing tables.

Data Limitations: No data were available on vehicleoccupancy for trips to and from light industrialareas. The average was approximately 1.3 persons per vehicle for all industrial uses.
More information is needed concerning peakperiod directional distribution of traffic during shift changes as well as vehicle occupancy.

V

4.

ends.

‘.1
:

Rev. 1982



I
SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type General Light Industrial ITE Land Use Code 110Independent Variable—Trips per Acre

Average Number Average Size ofTrip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/Study
Average Weekday Vehicle Trip Ends 52. 159. .2 13 12 . 3Peak A.M. I Enter 8.2 18.7 16.7 2 9RHour Between Exit 3 3 3 - 3 2 9 -of 7and9 Total

.
314 1.6 iii 115Adjacent P.M. Enter 6 9 7 - 3 5 - 2 9 -Street Between Exit

3 - 1
- 7 1 2 - 2 9.Traffic 4 and 6 Total 10 . 1 28. 0 1.3 8 1 2 9

. A.M. EnterOne
ExitHour
Total

P.M. Enter 6.9 7.3 5.14 2 9.8
Exit 13.3 18.7 11.8 3 7.6

14:30 Total 11.14 31.2 1.3 12 11.1Saturday Vehicle Trip Ends 25. 2 LI3. 5 14 .7 3 9. oPeak Enter
Hour of Exit

.

Generator Total 5.14 7.1 14.0 2 9.2Sunday Vehicle Trip Ends
Peak Enter
Hour of Exit
Generator Total

SourceNumbers 7, 9, 10, 11, 15 17

i’1IITE Technical Committee 6A-6—Trip Generation Rates
Date: 1975, Rev. 1979
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1 30—Industrial Park

Description: Industrial parks are areas containing a
number of industrial or related facilities. They
are characterized by a mix of manufacturing,
service and warehouse facilities with a wide
variation in the proportion of each type of use
from one location to another. Many industrial
parks contain highly diversified facilities—
some with a large number of small businesses
and others with one or two dominant indus
tries.
The number of employees in industrial parks
surveyed ranged from 88 to 5,300 with an aver
age of 747. Gross square feet of floor area per
employee averaged 510, or about two em
ployees per 1,000 gross square feet of building
area, and 18 employees per acre of developed
land. Size of the industrial parks surveyed
ranged from 1.6 to 115 acres with an average of
approximately 40 acres.

Trip Characteristics: An analysis of correlation be
tween average weekday vehicle trip ends and
all measurable variables was made to deter
mine the best variable for use in predicting ve
hicle trip ends. From the data assembled todate, number of employees has been found to
have the highest correlation with average
weekday vehicle trip ends. Gross square feet of
floor area and total area occupied by the industrial park showed less correlation with average
weekday trip ends, as shown in the table.

Since parking spaces are usually determined
on the basis of the building size, it is recom
mended that parking not be used as a predictive variable for calculating trip ends.
On the average, industrial parks generate 3.6weekday vehicle trip ends per employee. Seethe following tables for daily and peak hour
trip generation rates.
Industrial park trips usually peak at the same
time as the adjacent Street traffic (7 to 9 A.M..
and 4 to 6 P.M.), as indicated in the table.

Data Limitations: Caution should be exercised
when using average trip generation rates
found for industrial parks. The data showed
wide inconsistencies (average weekday vehicle
trip ends ranged from 1.4 to 8.8perernployee),
believed to be due to differences in the mix of
activities from one park to another.
It is recommended that traffic generation of
industrial parks be forecast using rates for
each type and amount of activity, i.e., man
ufacturing, office, warehouse, light industrial,
etc. The combined result of these calculations
should give a more realistic rate than the aver
age indicated herein. It is not believed that ad
ditional data sources will improve validity ofan average rate for all industrial parks.

Equations and Correlation Between Average Weekday Vehicle Trip Ends (AWDVTE)and the Independent Variables for Industrial Parks.
Equations and Independent Variables

AWDVTE = 278.2 + 3.45 x Number of Employees
= 1103.1 + 4.178 x Thousands of Gross Square Feet
= 1712.0 + 24.45 x Number of Acres

Parking Spaces

• 41

.4.

Correlation Coefficient (R)
0.827
0.528
0.376
0.799

Rev. 1982



SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type Industrial Park ITE Land Use Code 130
Independent Variable—Trips per Acre

V
1

‘iiAverage Number Average Size oft,Trip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/Study
Average Weekday Vehicle Trip Ends 62.8 1272 ] 141 14pPeak A.M. Enter 10.1 18.14 7.9 7 314Hour Between Exit 3. 2 5. 8 2. 5 5 ‘414of 7and9 Total 10.2 141.2 3.14 18 ‘42Adjacent PM Enter 3 0 3 s 2 7 14 76Street Between Exit 9 14 12 9 6 9 76Traffic 4and6 Total 10.9 59.14 3.2 if 18 147Peak - A M Enter 8 1 21 2 3 1 8 140Hour Exit 2.0 32.6 1.0 ‘4 cgof Total 8 0 148 8 2 9 29 146Generator P.M. Enter ‘4i 87.14 9 3.6Exit 92 3 78Total 85 2.1 1 •.i 2g 146Saturday Vehicle Trip Ends 41 .L 5614 12 iO 30Peak Enter 1 8 - 6 8

- 8Hourof Exit 33 316 0.6 1 3 57Generator Total ‘4 8 6. 0 ‘4 . 6 2 911SundayVehicleTripEnds 1E10 99 0=9 10 30Peak Enter 0. 14 5
- 3 0 - 2 8 33Hourof Exit n.14 5.3 0.2 3 5’74Generator J Total =1

V 8 p 7 2

‘yvSource Numbers 7, 10, iLl, 68, 714, 8, 9] , 100
{“•V:•

ITE Technical Committee 6A 6—Trip Generation Rates
Date 1975, 1979, Rev 1982



820 —828— Shopping Center

Description: A shopping center is an integrated
group of commercial establishments which is
planned, developed, owned and managed as a
unit. It is related to its market area in terms of
size, location and type of store. It is provided
with off-site parking facilities.*

Studies of over 3.25 different shopping centers
were obtained for this analysis and included
centers as small as 6,900 to as large as
1,600,000 gross square feet of leasable area.
The centers studied are located throughout the
United States and throughout urban areas and
therefore reflect average conditions anywhere
within the United States.

Some of the centers included nonmerchandis
ing uses: office buildings, theatres, post offices,
banks, health clubs and recreational facilities
such as ice skating rinks.

Trip Characteristics: The calculated vehicle trip
end rates based on 1,000 gross square feet exhi
bited a wide range in results for similar size
centers. There are many probable reasons for
this lack of correlation and range in trip gener
ation rates:

• types of tenants
• method ofmarketing the center and tenants’
merchandise

• density of the market area
• newness of a center in a relatively unde
veloped market area

• size of center
• categorization of centers by type and size.

The independent variable, 1,000 gross square
• feet of leasable building area, has not shown a
good correlation for estimating trips but no
other variable has been found to better de
scribe a center and calculate trip generation
rates. Therefore, it is used for all rate calcula
tions for shopping centers.

As shown in Figure 2, the average weekday
vehicle trip rates decrease as gross leasable
area increases. The traditional categorization

*Urban Land Institute

of regional, community and neighborhood
centers was not used to express rates because
the size of centers vary too much within each
category which results in a wide variation in
trip rates.

To obtain peak hour and weekday trip genera
tion characteristics, the shopping centers were
grouped into nine different size categories
whose characteristics are summarized in the
following trip generation tables.
The rates shown are averages within each size
category. The average size center with each
size category as related to the average rate is
shown in the column labeled Average Size In
dependent Variable/Study.

The average rates can be estimated for centers
of a different size from the average within a
size category by interpolating between the ax’
erage rates and average size center of two adja
cent size categories.

Rev 192



Table 1. Correlations Between Average Weekday
Vehicle Trip Ends and Gross Square Feet for

‘S Shopping Centers

Land Use Correlation Coefficient (R)

820
821
822
823
824
825
826
827
828

Data Limitations: A wide variation in calculated
trip rates has resulted from the data obtained
for the probable reasons indicated. More re
search is necessary in measuring shopping
center trip generation to adjust the measure-f
mcnts to vat lations within the week and by

Table 2. Monthly Variation in Traffic and Sales.

0.491
0.226
0.299
0.128
0.204

—0.275
0.562
0.696

(Not enough data)

Percent of Percent of .
Average Monthly Average
Traffic Volume Monthly SaIc

January 70 80 fl
February 60 65Limited research has been conducted to de March 100 85 :‘termine what portion of the driveway volumes April 90 80is actually added to the adjacent street system May 1 10 95and what portion is diverted from the passing June 1 10 92stream of traffic. Slade and Gorove’ found July 103 90through interviews at one shopping center in August 100 115Washington, D.C., between 4:30 and 6:00 P.M. September 95 95that 35 percent of the trips were primary trips October 115 102to the center. Forty percent of the trips were November 105 1 10diverted from another route to shop and the December 150 200remaining 25 percent of the trips came from

the passing stream of traffic. For more infor- Source: 1. TwoConfidential Regional ShoppingCentersmation, see this article. Buttke2 measured be- in Washington, 1971,and One Shopping Center in Califortween 20 and 25 percent of the P.M. peak hour iiia, 1965.
2. Cleveland, Donald E., and Edward A. M6el’entering volume to a shopping center in Port- ler, Traffic Characteristics r Regional Shopping Centers.land, Oregon, to be diverted from the passing New Haven, Connecticut: Bureau of Highway Traffic, Yalestream of traffic. University, 1961.

month of the year. More peak-hour data by di
rection during average weekdays, weekends
and during the peak days and months of the
year are necessary. Additional statistical

A variation in trips to and from shopping cen- analyses should be made to develop usable
ters occurs throughout the year. Table 2 mdi- generation equations which express the decates a generalized monthly variation in traffic creasing trend in rates as the centers increaseentering and dollar sales at shopping centers in , in size.
excess of 500,000 gross square feet of leasable Further research is necessary to determine ifarea.

low generation rates for the new large shop-The data upon which Table 2 is based are lim- ping centers are a result of combined trip makited but do show that trip ends are not directly ing through a greater number of shops at onerelated to dollar sales. During the midyear, destination or because the market area is notpeople tend to make more trips per dollar fully developed. It could also be a cothbinationsales, probably because more time is spent of these and other factors.
shopping for an item, Prior to holidays, and The described rates are driveway volumes ofespecially at Christmas, people sp,end more

vehicles entering and leaving shopping ceo-money in relation to vehicle trips to,a center.
ters. More research is necessary to determine

1Slade, Louis J. and Frcdcrick E. Gorove, “ Reductions in what portion of the driveway volumes is madeEstimates of Traffic Impacts of Regional Shopping Cen- up of traffic that would have passed the siteters,” ITE Journal, January 1981, Vol. 51, No. 1, pp. 16-18. .

2Buttke, Carl H., Unpublished trip generation mea- in any cas’ while makinga trip foranotherrea
surements, Portland, Oregon, 1975. son.
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SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type Shopping Center LI00,00019q,999GS.E, ITE Land Use Code 82
Independent Variable—Trips per 1,000 Gross Square Feet of Leasahie Area

Average Number Average Size ofTrip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/Study.

Average Weekday Vehicle Trip Ends 9 7 1 02 - 0 27 - 2 1 6 14149
Peak A.M. Enter 3 .. 1 147 3Hour Between Exit 0 . 2

. - LI 73of 7 and 9 Total 0 5 1 1473
Adjacent P.M. Enter 1.9

.________ 1 1173
Street Between Exit 1

- 9 1 1473Traffic 4and6 Total 14 g 7 2 11 Lil4
Peak A.M. Enter

‘
‘ 1

Hour Exit 1 6 1
of Total

5 2. 8 11146Generator P.M. Enter 2 2 .4 1 Li 73Exit 1 1 1473
Total

‘ oL k Liii 6Saturday Vehicle Trip Ends
6 14149

Peak Enter 2 - 1 1473Hour of Exit
2 8 r 1 LI 73Generator Total 5.2 1173Sunday Vehicle Trip Ends
10 2 1 1173Peak Enter

.. 6 1 14 73Hourof Exit
08 1 1173Generator Total
1 1 - I 73

SourceNumbers 3, 13, 110 149, 511, 78, 110

ITE Technical Committee 6A-6—Trip Generation Rates
Date: 1975, 19797 Rev.. 1982

G.S.F. = Gross Square Feet of Leasable Area Caution, limited samp1t
size, use carefully. -i[



SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type Shopping Center 500 ,000—999999 G.S.F. ITE Land Use Code 826
Independent Variable—Trips per L000 Gross Square Feet of Leasable Area

Average Number Average Size ofTrip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/Study
Average Weekday Vehicle Trip Ends 37.2 5L1 . 1 7.9 37 61Peak A.M. Enter n..38 0.614 0.22 6 751Hour Between Exit 023 fl1L flfl7 6 751of 7and9 Total

- ..- 030 6 751Adjacent P.M. Enter 1
- 59 1

- 99 . 1 R 7 757Street Between Exit 1 .5 2. -16 1 1 3 lfl 727Traffic 4 and 6 Total
3. 12 395 2 - 31 10 723Peak A.M. Enter

-i 7 757Hour Exit
135 1-95 0.82 12 710of Total 25LL 3214 L95” 6 751Generator P.M. Enter i68 20 7 757Exit
1.81 2.141 12 110Total 3R3 553 .2 11-- 11 650Saturday Vehicle Trip Ends

1453 7014 23 6-L 18 710Peak Enter
2 30 366 1 01L 7 757Hourof Exit
2.35 3.22 12 12 710Generator Total

90 1 fl 7.LL 7Sunday Vehicle Trip Ends
19 5 3. 14 1. 1 18 710Peak Enter
8 i8i 0.2O- 7 —757Hourof Exit

0.19 12 710Generator Total
h 3 39 6 - 751

SourceNumbers ] , 5, 6, 1, 114, 18, 22, 26. 149, 514, 59, 60, 61, 614,65. 72. 7. 77. 79, 99, 100, 110, 1214
ITE Technical Committee 6A-6—Trip Generation Rates
Date: 1975, 1979, Rev. 1982

C. S.F. Gross Square Feet of Leasable Area



SUMMARY OF TRIP GENERATION RATES

Land Use/Building Type Shopping Center 1,O0O,OOO—l,249999 IE Land Use Code 827Independent Variable—Trips per 1,000 Gross Square Feet Lasab1e Area

Average Number Average Size ofTrip Maximum Minimum Correlation of IndependentRate Rate Rate Coefficient Studies Variable/StudyAverage Weekday Vehicle Trip Ends
-,, . 57. 0 26. 1

- 1076Peak A.M. Enter
Hour Between Exit
of 7 and 9 Total
Adjacent P.M. Enter

1085Street Between Exit 1. 9 2 - 8 1
- 3 3 1085Traffic 4 and 6 Total

Peak A.M. Enter
Hour Exit 1. 2.2 nR 3 1073of Total
Generator P.M. Enter 30

1 1085Exit 19 2fl 17 2 1067Total
. 1L7

1 1085
Saturday Vehicle Trip Ends

39.2 1465 32.1 2 1060Peak 1 Enter
Hour of Exit

2.1
1 1050

Generator Total
. 33 1 1071.

Sunday VehicleTrip Ends
22.8 3O3 15.3 2 1060Peak Enter

Hour of I Exit
18

1 1050Generator Total

. I
SourceNumbers 1, i8 100, l2Lt

ITE Technical Committee 6A-6—-Trip Generation Rates
Date: 1975, 1979, Pv. 1982

= Gross Squate Feet of Leasable Area Caution, limited samplesize, use carefully.
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TECHNICAL MEMORANDUM NO. 3

LIYFLEWORTH ROAD (N.H. ROUTE 9) CORRIDOR STUDY

APPENDIX D

TRAFFIC CAPACITY ANALYSES
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