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Practical Tips for Construction

Site Phasing

hat is construction site phasing and why is
Wt important? These questions are

frequently asked by both developers and
regulators seeking to implement erosion and sediment
controls at construction sites. Construction phasing
is different than construction sequencing. As most
contractors and developerswill tell you, construction
sequencing isthe standard practice of completing one
portion or aspect of aproject at atime, with site grad-
ing typically completed in asingle step. In many cir-
cumstances, thetime difference between building and
actual building construction can take years. Table 1
illustrates atypical construction sequencefor asingle
family residential subdivision.

Construction site phasing minimizes soil erosion
through a somewhat more complex construction pro-
cess. Only one portion of asiteisdisturbed at any one
timeto construct the infrastructure necessary to com-
plete that phase. Subsequent phases are not started
until earlier phases are substantially completed and
exposed soilsaremostly stabilized. This"just-in-time”
construction practice can dramatically reduce disturbed
soil exposure times and resulting erosion problems.

Despite the value of construction phasing, very
few projectsare successfully phased. Because many
sediment control practices are at best 90% efficient
in removing suspended solids, erosion prevention
techniquesthat limit the erosion of sedimentsin the
first place can have dramatic resultsin reducing sedi-
ment lossfrom construction sites (Corish, 1995). Un-
controlled urban construction sites can lose between
20 and 200 tong/acre of sediment per year (Dreher
and Mertz-Erwin, 1991). Contrast thiswith an un-
disturbed meadow or forest, which loses less than
one ton/acre of sediment per year. Clearly, a great
reduction in sediment export is possible when clear-
ingisreduced. Ascanbeseenin Table2, acarefully
phased project can reduce sediment loss by more
than 40% over atypical mass-graded site.

Construction phasing is only one of several ero-
sion prevention techniques that can be used to re-
duce soil loss. Instead of relying on trapping al-
ready suspended solids, the phasing techniquesrely
on erosion prevention. Other erosion prevention
strategies involve minimizing disturbed areas
through various techniques such as fitting the de-

Table 1: Typical Construction Sequence of a Single Phase Residential Subdivision

Hold preconstruction meeting

Construct ESC practices

Clear/grub remaining site areas
Grade site to rough grades
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Stabilize disturbed areas

P
NS o

Remove ESC measures
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Clear/grub areas necessary to construct ESC practices

Construct stormwater management measures to be used for temporary ESC
Construct utilities (water, sewer, storm drain, etc.)

Construct roads (paving, curb and gutter, sidewalks)

Construct housing (provide on-lot ESC practices)

Convert stormwater management measures to permanent functions

Stabilize remaining disturbed areas

13



Table 2: Sample 100-Acre Single Family Residential Development Project

Potential Sediment Loss for a Mass-Graded Project Versus a Phased Project

Development Scenario - Conventional Project
100-acre site, mass-graded over a 6 month period.

Assumptions:

Good sediment control practices, successful vegetative stabilization of disturbed areas within 30 days of completion of
grading. Approximately 3/4 of site exposed during 6 month grading operation, with 1 month stabilization period. 20 tons/
year lost from construction site with sediment trapping effectiveness of 60% for sediment control devices

Sediment loss:
Exposure: 3/4 of 100 acres exposed over 7 months

Sedimentloss: (.75) (100 ac)(20 tons/yr)(7/12 yr)(0.6) = 525 tons

Development Scenario - Phased Project
100-acre site, graded in 4 separate phases over a 6 month period, each phased exposed for one and a-half months.

Assumptions:

Good sediment control practices, successful vegetative stabilization of disturbed areas within 30 days of completion of
grading. Each phase completely disturbed during 1% month grading operation, with a one-month stabilization period.
20 tons/year lost from construction site with sediment trapping effectiveness of 60% for sediment control devices. One

ton/year lost from undisturbed site, two tons/year lost from stabilized portions of site.

Exposure: Sediment loss:

(4)(25 ac)(2.5/12 yr)(20 tons/yr)(0.6) = 250 tons
(25 ac)(4.5/12 yr)(1 ton/yr) = 9.4 tons

(25 ac)(3/12 yr)(1 ton/yr) = 6.3 tons

(25 ac)(1.5/12 yr)(1 ton/yr) = 3.1 tons

(25 ac)(4.5/12 yr)(2 tons/yr) = 18.8 tons

(25 ac)(3/12 yr)(2 tons/yr) = 12.6 tons

(25 ac)(1.5/12 yr)(2 tonsl/yr) = 6.2 tons

4 phases of 25 ac exposed over 2.5 month period
1 phase of 25 ac undisturbed for 4.5 months

1 phase of 25 ac undisturbed for 3 months

1 phase of 25 ac undisturbed for 1.5 months

1 phase of 25 ac completed for 4.5 months

1 phase of 25 ac completed for 3 months

1 phase of 25 ac completed for 1.5 months

Total Sediment Loss: 306.4tons

Result: Phasing results in a 42% reduction in sediment export compared to regular mass grading

velopment to thetopographic “lay of theland;” mini- | removal efficiencies, particularly for fine-grained soils

mizing the development footprint by clearing only
the land required for buildings, roads, and utilities;
providing buffersfrom natural drainage systemsand
water bodies; and conserving or retaining existing
forest cover. Immediate stabilization of disturbed ar-
eashy useof tackifiers, re-vegetative practices, mulch-
ing or stabilization blankets can also dramatically re-
duce soil loss caused by erosion.

Recent research consistently shows that erosion
prevention techniques are among the most effective
in reducing suspended solid concentrations leaving
construction sites. Many erosion prevention meth-
ods can reduce sediment loads by as much as 90%,
whereas sediment trapping devices often have lower

and clays(Brown and Caraco, 1996). Theconclusion
isobvious. Erosion prevention works. When it can
be implemented in a cost effective manner, it is cer-
tainly worth pursuing. Clearly, construction phasing
fallsin this category.

Foundationsof Successfully Phased Projects

Why is it so hard to get successfully phased
projectsimplemented? The answer involves several
practical problemsin construction logistics, any one
of which can doom a phased project to failure. First,
phasing must be carefully planned at the early design
stages of the development process. As most land
planners will tell you, good planning is hard. It is
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Figure 1: Typical Phasing Plan and Important Elements for A Single Family

Residential Subdivision (Natural Lands Trust, 1996)

EX(STING OU/7/-/,AL L SEWER

Construction phasing is a major ESC strategy for this large residential subdivision
project. The site is subdivided into four distinct phases; clearing cannot proceed on a
phase until the prior phase has been largely stabilized.

Notes:
1. Earthwork balances between each phase.
2. Phase | & Il are sewered through outfall @
3. Water loops through project in phases starting at Rising Sun Road to South State Street
4. Stormwater management provided as follows:
Phase |- @
Phase Il - [
Phase Il & IV- [€]
. Temporary construction access provided as shown.
6. Each phase consists of at least 19 lots. At least 50% of houses must be completed within a
phase before construction on next phase can proceed.
7. Phase IV is uphill from Phase Ill. Utilize stormwater facility [€]as a temporary sediment basin
until Phase 1V is complete. Flush stormwater system through Phases Il and IV.

[&)]
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difficult to think about construction phasing during
the project layout stage. Why is thisimportant to do
early on? Because in order to construct a phased
project that reduces soil loss, portions of the site that
will be developed in the future must remain undis-
turbed. To do this, cut and fill quantities must bal-
ance by phase so that other site areas are not raided
to either borrow or spoil dirt.

Other elements to consider during the planning
stageinclude evaluating how stormwater will be con-
veyed and managed in each phase, whether water
and sewer connectiong/extensions can be accommo-
dated in a phased project and what happens to al-
ready completed downhill phases. It isalso prefer-
able to separate construction access from resident

access to avoid conflicts between people living in
earlier phases of the project and construction equip-
ment working on later phases.

Obvioudly, theoverall size of the projectisamajor
factor in determining whether phasing can be suc-
cessful. Theresults of arecent survey of more than
80local ESC programsprovide someinsight into this
issue. While approximately 45% of respondentsused
phasing, many reported that phasing was only ap-
propriate for larger sites (i.e., greater than 25 acres).
Only a few programs utilize phasing on projects
smaller than five acres (Brown and Caraco, 1996).
Table 3 provides a summary of the some of the key
requirements for planning successful phased

Table 3: Some Keys to Planning Successfully Phased Projects

= Phasing plan is developed early in the project planning and design stage
= Natural features such as streams or drainage boundaries are considered in multiple phases
= Earth removal is balanced within each phase so cut soil from one area matches fill

requirements elsewhere
= Size of project is conducive to phasing
= Phasing is not cost prohibitive

Table 4: Eleven Phasing Principles for Design Engineers and Plan Reviewers

1. Segregate temporary construction access in each phase from access for permanent residents.
2. Determine if site meets minimum “threshold” size (approximately 25 acres for ¥ acre single

family residential projects).
3. Balance earthwork within each phase.

4. Carefully locate temporary stockpiles and staging areas to prevent additional soil disturbance.

5. Establish “trigger” for completion of each phase in order to start the next phase (e.g., # of
houses completed in previous phase, or % of previous phase stabilized).

6. Accommodate water/sewer and other utility construction within each phase.

7. Incorporate road segments, temporary turn-arounds, and emergency access within each

phase.

8. Address both temporary and permanent stormwater management in each phase.
9. Clearly identify sequence of construction of each phase and entire project on plan.
10. Identify key ESC elements to inspect in each phase (e.qg., after installation of perimeter

sediment controls).

11. Ensure that later upstream phases address potential impacts to already completed down

stream phases of the construction site.
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projects.

Figure 1 shows how phasing elements are consid-
ered in aconstruction project. One of themoreimpor-
tant considerations for phased projects is the influ-
ence of market forces. Land devel opers often locate
model homesin prominent locations that may or may
not fit with the phasing plan. Furthermore, developers
and homebuilders also want the flexibility to provide
buyers with a variety of housing options and there-
fore are often hesitant to restrict construction to just
one section. Another uncertainty is the size of indi-
vidual sectionsand the construction rate of individual
houses. The phasing plan must address these market
forces and designate how many houses must be com-
pleted within agiven section before allowing construc-
tion to begin on the next phase.

How much does phasing really cost? While water-
shed managers agree that phasing is a desirable ero-
sion prevention technique, most also concede that
phasing probably costs devel opers more money. The
cost to a municipal agency of implementing an ag-
gressive phasing program may also be higher. Permit
review of phasing plans and construction site inspec-
tion costswill certainly be higher.

Obviously, limiting mass grading as an allowable
construction techniquewill tend to increase earthwork
costs—already one of the more expensive components
of site development. Economies of scale may be un-
dermined by project phasing. Costs may rise due to
multiple visits with heavy earth moving equipment,
increased storage requirements and equipment han-
dling. How much more expense does phasing addto a
typical construction project? The answer is that we
don’treally know becausevery little economic research
has been done to answer this question.

Cahill and Horner (1992), however, contend that non-
structural, minimum disturbancetechniquesreducethe
operation and maintenance costs substantially over
structural practices. It does stand to reason that a
carefully coordinated phased project can actually save
developers money in reduced ESC practice mainte-
nance costs and perhaps in reduced interest carrying
costs. Because the entire project is not constructed at
onetime, only afraction of theinfrastructureinstalla-
tion and maintenance costsareincurred up-front. De-
vel opersmake smaller construction |oan paymentsfor
smaller components of construction, which can bepaid
off ashome sales proceed. Furthermore, if the project
takes several years to complete, then phasing may
resultinlessre-grading dueto erosion caused by slope
failures.

Phasing can aso be very hard to enforce. Incom-
plete or confusing phasing plans make permit compli-
ancedifficult. Inspectors can face difficulties caused

by the several stages of development occurring at
onetime. For example, if mass-grading isoccurring
inone phase, simultaneously with drainage and road
construction in another phase, and house construc-
tioninyet athird phase, it can be next toimpossible
for inspectorsto enforce. Oneway to deal with this
problemisto clearly specify in the phasing plan the
allowable construction elements that can occur si-
multaneously. Table 4 presents a list of eleven
“phasing principles’ for plan reviewersand design-
ersto consider when designing or reviewing phased
projects.

How can more widespread use of phasingin con-
struction site development be encouraged? Some
communities are trying an enforcement approach,
while others are looking for more voluntary mea-
sures. Prince George's County, Maryland, requires
aphasing plan to be submitted with the erosion and
sediment control plan. The phasing plan becomes
part of the enforceable erosion and sediment con-
trol plan, and can be used to inspect compliancein
thefield. Somemunicipalitiesutilizeclearing ordi-
nancesto limit total disturbed areas (Corish, 1995).
Other municipalities arelooking at incentives such
asfaster review times, or more flexible permit con-
ditionsto encourage devel opersto consider phased
projects. Oneincentive which has not yet enjoyed
widespread use, but may have agreat deal of prom-
ise, is the use of economic incentives such asre-
duced or waived permit fees or bonds for projects
with phased sections. Many jurisdictions aready
refund bonds for completed sections so thisincen-
tivemay bealogical step.

What lessons can be learned about phasing?
Construction site phasing provides aviable, practi-
cal techniqueto reduce sediment |oads | eaving con-
struction sites. There are practical considerations
that must be addressed to ensure that phasing works.
It is difficult enough to get compliance on many
aspects of a construction site, so good planning at
the design stage coupled with an enforceabl e phas-
ing plan is essential.

Little research has been done to assess the costs
of phasing versus conventional construction costs,
but obviously thelarger the project, theeasier it will
be to implement successful phasing. Communities
must strive to use a combination of enforcement
measures and incentives to encourage wider use of
this practice. Finally, we cannot forget to consider
how market forces govern home sales. While the
best phasing plans have strict provisions describ-
ing when certain elements of a project can begin
and what must be accomplished first, they don’t
necessarily reflect the market pressuresinfluencing
developers. To accommodate market redlitiesit may
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bewiseto integrate adeveloper’s sales strategy with
the requirements of a phasing plan.

—RAC
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