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10 INTRODUCTION

The Northwest Alaskan Gas Pipeline will be installed in buried

mode throughout its alignment except at certain specific river

crossings Since the pipeline will be operated below 32F the

presence of chilled pipe in wetlands streams and rivers

crossed by the pipeline may tend to modify the thermal regime of

the streambed materials and consequently alter the dynamic be
havior of the stream systems These consequences will be evalu

ated for every single crossing encountered along the alignment
If and where required special design solutions or crossing al
ternatives will be undertaken to ensure that adverse effects on

the stream environments and adjacent facilities do not occur

The design intent stated in the foregoing notwithstanding the

Federal and the State agencies have expressed concerns regarding

NWAs intent to cross in buried mode the waterbodies located

along the ANGTS alinment These concerns were stated by the

agencies in letter addressed to NWA from the State Pipeline

Coordinatorus office as follows

Primafy Physical Effects

Alteration of natural flow regimes for example

forcing subsurface flows to the surface with subse

quent promotion of aufeis development and depletion

of flows downstream and

Decreased water temperature

Secondary Physical and Biological Effects

The inducement or acceleration of aufeis

Erosion resulting from aufeisinduced channel alter

ations

Stream channel changes

Alterations in natural springs and subsequent down
stream changes

Alterations or elimination of open water leads re
sulting in reduction of dissolved oxygen concentra

tions below the acceptable minimum levels

Temporary blockage to fish movement resulting from

aufeis physical barrier or decreases in water

temperature physiological barrier including con
cerns for spring or fall migrating fish of all age

classes
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Alteration or elimination of overwintering habitat

for fish and wildlife for example fish overwinter

ing areas changes in riparian habitats or inunda

tion of riparian zones by aufeis

Decreased survival of eggs of fall or winter spawn
ing fish species and

Decreased survival of benthic invertebrates

In response to the agencies concerns NWA put together compre
hensive program to address the issues twofold approach was

suggested which is described below

The first approach called for the installation of chilled pipe

across stream typical of the streams crossed by the pipeline

along the alignment Instrument the crossing collect and ana

lyze data to determine the effects of the chilled pipe on the

streams regime Use this information in the design of stream

crossings

This approach was not pursued however The test would have been

very restrictive and data based upon tests carried out at only

one stream would be difficult to extrapolate to other types and

sizes of streams Additionally the test would have been expen
sive and information would not have been available for finale
design The agencies concurred with this decision and the idea

7F of the test was abandoned

The second approach called for using and/or developing analytical

techniques to evaluate the effects on the thermal and

hydrological regimes of streams due to the presence of chilled

pipe This approach offered the flexibility of analyzing the

chilled pipe effects on streams of all types and sizes It was

decided to pursue this direction of investigation with the

of the agencies The plan of action included

bJ Use the EPR geothermal .computer model to evaluate the

effects of chilled pipe buried in location with

standing water This situation was conceived as the

worst case scenario since with no water flow heat ex

change between the water and the chilled pipe would be

dexpected to be the greatest

Twelve hypothetical cases were proposed combining burial

depth types of soil and trench backfill pipe without

insulation and with inches of insulation Depths of

cover proposed were 30 and 48 inches using silty soil

with silty backfill silty soil with granular backfill
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and granular soil with granular backfill All cases

were to be simulated over 25-year period using 15F

pipe temperature However this approach was modifed as

described in Subsection 3.0

Develop mathematical convective heat transfer model

incorporating the mechanism of phase change and mass

flow to simulate conditions expected to be encountered

at stream crossings

This report addresses the agencies concerns regarding the pos
sible detrimental effects oft burying chilled gas pipeline in

the wetlands streams and rivers of Alaska and goes on to show

that NWA is fully cognizant of these effects and that NWA has

adequate and suitable design and design alternatives to ensure

that the presence of chilled pipe will not adversely affect the

environments of Alaskan waterbodies

The report discusses the results of the EPR thermal analyses the

mathematical convective heat transfer model PORFLOW-F and the

result of sensitivity studies using the convective model Also

the report provides the applicable methodology that NWA proposes

to follow in designing the wetlands streams and river crossings

Section 2.0 summarizes the conclusions resulting from these stud

ies and the approach that NWA plans to follow in crossing the

streams encountered along the pipeline alignment from the north

slope to the Canadian border

Section 30 details the work carried out under item mentioned

above i.e determining the effects of chilled pipe crossing

stream using the EPR thermal model This was considered as the

worst case situation and some interesting conclusions have re
sulted from this analysis

Section 40 contains discussion of the groundwater flow/heat

transfer model PORFLOWF as outlined under item above

Results of the sensitivity studies are also provided in the sec

tion

Section 5.0 presents the design methodology to be used in ana

lyzing potential chilled pipeline effects on individual stream

crossings along the gas pipeline route Design alternatives for

controlling the potential effects of stream temperature depres
sion and groundwater flow alteration are also presented
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2.0 CONCLUSIONS

The primary objectives of this report are to present the results
of analyses of the effects of buried chilled gas pipeline on

streams and related aquifers and to establish design approach
to be implemented during detail design to preclude or control

potentially adverse effects of the pipeline on adjacent facili
ties and the environment

The design approach presented provides for sequential assessment
and analysis of stream crossing locations to identify an appro
priate design solution for each crossing The analysis proce
dures and design alternatives to be implemented during detail

design are based in part on the results of the computer modeling
The major conclusion resulting from these analyses are presented
below

2.1 SUMMARY OF CONCLUSIONS FROM EPR ANALYSIS

The EPR thermal computer model which is limited to conductive
heat transfer was employed to analyze generalized
conditions i.e shallow streams having no stream or g6idwater
flow lowest gas temperatures and gravelly soils

The following general conclusions can be drawn from the results
of these analyses

An uninsulated chilled pipe buried feet or less below
sensitive waterbody could lower water temperatures and

increase the duration of the frozen period

The use of pipe insulation three inches or five inches
significantly reduces the effects of chilled pipe on

stream and streambed temperatures Five inches of pipe

insulation provides minimal additional improvement of sur
face effects compared to three inches of insulation The

fr1imatic conditions dominate stream temperatures for the

insulated pipe cases

The frost bulb growth in simulations for an uninsulated pipe

under static stream is extensive almost 21 feet in

years The use of three or five inches of pipe insulation

/significantly further reduces the size of the frost bulb but

the frost bulb continues to grow at reduced rate through9J out the ten-year simulation periods Use of five-inch insu
lation further reduces the frost bulb growth
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Simulations without surface water indicated deeper frost

bulb growth compared to simulations with twelve inches of

surface water especially for the cases with deeper pipeline
burial depth

Simulated breakup and freeze-up dates are significantly al
tered by the uninsulated pipe The use of three or five

inches of pipe insulation significantly reduces this effect

The maximum deviation from the control is six days using

three-ipch pipe insulation compared to for uninsu
lated pipe Only slight differences ar6Tiied comparing
the effects of three- and fiveinch insulation thicknesses

on freeze and thaw dates

Alteration of freeze and thaw dates is less for the simu
lations using the permafrost environment as compared to

those using the nonpermafrost environment Maximum devia
tion of stream temperatures in comparison to controls occurs

during frozen periods for the permafrost simulations and

during unfrozen periods for the nonpermafrost simulations

Results of simulations for four and eightfoot cover depths
indicate deeper burial decreases effects on surface tempera
tures and decreases alterations of freeze and thaw dates

These effects however are not substantial more signif
icant effect of deeper burial is to increase the effective

frost bulb growth around the chilled pipe These results

emphasize the predominance of the surface heat balance on

the thermal regime of the water body An important implica
tion of these results is that deeper burial may be used

effectively to reduce potential blockage of groundwater only
when deep burial places the pipe in less permeable zone

i.e either frozen zones or other zones having lower

hydraulic conductivity thereby leaving greater area above

the pipe to convey groundwater

2.2 SUMMARY OF CONCLUSIONS FROM PORFLOW-F ANALYSES

TheaEiiThd to investigate potentiaLgroundwater iiftºrac

tions with the chilled pipeline Results of the stit
analysis of output variables to various hydrogeologic input van
TThd of the investigative analyses simulating pipeline ope
ration are summarized into the following major conclusions

Temperature variations for shallow waterbodies show higher
sensitivities to change in water depth than for deep wa
terbodies Annual temperature variations are greater for

shallow waterbodies than for deep waterbodies Climate

fluctuations control shallow soil temperatures and

freezethaw cycles
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Chilled pipeline operation is not expected to have signif

icant effect on groundwater recharge Varying the

groundwater recharge rates does not result in significantly

thermal effects produced by chilled pipeline as shown for

the static groundwater simulations However infiltration

of warm water in the summer may reduce the size of the

pipeline frost bulb

Discharge of groundwater into stream can maintain nearly

constant subsurface temperatures This discharge may retard

the rate and extent of thermal effects of pipeline

Diversion of groundwater flow to the/surface and subsequent

development of aufeis may occur in Ateral groundwater flow

areas due to the blockage of groundwater flow by the pipe
line and attendant frost bulb Groundwater flow to the

surface may be terminated by an advancing freezefront re
suiting in limited development of aufeis.ç

Chilled pipeline operation in an area where hydraulic con
ductivty increases significantly with depth directly below

the pipeline is expected to have very little impact on

groundwater flow Decreases in hydraulic conductivity with

depth are expected to have little effect on groundwater

flow as long as the distance to the change exceeds three

effective pipe diameters

Shallow subsurface temperatures show strong correspondence

to stream temperature variations The chilled pipeline is

not expected to significantly affect the temperatures of

flowing stream Simulations employing warm summer stream

temperatures 59F indicate potential for the frost bulb

growth to be reduced
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ANALYSIS USING EPR THERMAL MODELING

The use of the EP model which is limited to conductive heat

transfer can be a\tributed to project needs for investigating

potential chilled ipe effects prior to development of the

coupled mass and hea\t transfer model The approach outlined in

the introduction was ot followed explicity however Depths of

cover were changed tol four feet and to represent the

range of probable buri in streams Three and

jn thicknesses were investigated ratI than six inches

buse of design and construction consideTOnY
streambed soils were modeled

Simulations or projections for the 25 year
deiiTlife were postponed for analysis with the coupled mass and/
heat transfer model to remove some of the overconservatism of thqf

investigation

3.1 OBJECTIVES

The EPR thermal computer model is used to investigate thermal

effects on stagnant waterbodies due to operation of chilled gas

pipeline The simulated stream crossing represents generalized

worst case condition

The effects of different insulation thicknesses pipeline burial

depths surface water depths and initial soil temperature condi

tions are investigated both in permafrost and non-permafrost

environments The results are used to assess the impact on

stream temperatures freezeup and breakup dates and frost bulb

size

3.2 METHODOLOGY

The EPR thermal model the input data and the simulation process

are described in the following subsections The matrix illustra

ting the specific variables used for each EPR run is shown in

Figure 31 Fiveyear simulations were performed and the restart

capability was utilized for three cases The results of these

simulations although limited to conductive heat transfer pro
vide some useful information that can be coordinated with heat

and mass transfer analyses to aid in identifying and assessing

potential effects caused by chilled pipeline operation

3.2.1 The EPR Model

EPR is two-dimensional finite element thermal model which

simulates heat conduction with change of state for variety of

boundary conditions Reference The heat of fusion and

changes in heat capacity and thermal conductivity due to thawing
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and freezing are taken into account in the program It does not

account for convective heat transfer due to surface or subsurface

water flow The model is used to simulate chilled pipeline

operation in the subsurface Frost advancement and temperatures

above and below the chilled pipe are obtained from these

simulations in order to examine thermal effects of the chilled

pipeline operation

An EPR grid has been developed for 90-foot horizontal by 45-

foot vertical cross section of ground with the pipe located at

mid-length and perpendicular to the cross section Figure 3-2

illustrates the typical grid used in the simulations of this

study Because of symmetry only half of the cross section is

analyzed

3.2.2 Input Data

32.2.1 Soil

The soil thermal and index properties used in the geothermal

simulations are presented in Table 31 The soil specified for

the analyses represents saturated gravel which is characteris

tic of many of the streambeds in Alaska The soil in the ditch

zone is specified as saturated granular backfill somewhat less

dense than the native soil due to construction disturbance

Analysis using

Ci
32.2.2 Climate

The mean climatic data for Fairbanks Airport is used in the anal

yses and is presented in Table 32 Due to the significant in
fluence of snow cover on ground temperature the snow depth fac

tor is adjusted to produce both nonpermafrost and permafrost

environments

3.2.23 Insulation

The thermal properties for the circular insulation system used

for selected configurations are shown in Table 31 Computer

simulations for both the threeinch and five-inch insulation

thicknesses are performed using equivalent thermal conductances

of 0.371 and 0.231 Btu/hrftF respectively for the combined

pipe and insulation geometries based on an insulation conductiv

ity of 0015 Btu/hr-ft-F

32.3 EPR Thermal Simulation Process

The thermal analysis consists of two step process First
one-dimensional calibration runs are performed using full surface

heat balance and adjusted snow depth factors until the desired

equilibrium soil temperatures and freeze or thaw depths are gene
rated
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Control runs are generated to represent the permafrost and non

permafrost environments with and without surface water For

nonpermafrost environments the snow depth factor is adjusted

until the onedimensional runs produce equilibrium annual average

soil temperatures of approximately 34F representative of typi
cal unfrozen strearnbeds in Alaska at about nine feet below the
streanthed For permafrost environments calibration of the snow

depth factor using onedimensional runs is continued until equi
librium annual average soil temperatures of approximately 31F

representative of typical warm permafrost underlying streams

south of Atigun Pass at about nine feet below the streambed are

achieved Four separate onedimensional calibrations are per
formed i.e one for each of the control runs as shown on Figure

31
Second using the same initial soil temperature profiles and ad
justed snow depth factors as the control runs for the respective

cases twodimensional simulations using the various water

depths pipeline burial depths and insulation thickness combina

tions shown in Figure 31 are performed for five-year durations

The restart capability is employed for three configurations to

provide ten years of simulation The environmental simulations

commence in July and operation of the chilled gas pipeline is

commenced five months later The effect of the chilled gas is

phased in by incremental temperature decreases starting two

months prior to simulated start of operation

33 RESULTS OF EPR THERMAL SIMULATIONS

Plots of isotherms for depth versus time for each of the

simulations are shown in Figures 33 through 317 All

simulations are for five years and only the 32F isotherms are

shown Plots for the three restarts are not shown but results of

these runs are summarized in Tables 33 through 3-7 The plots

illustrate freeze and thaw advancement from the stream or ground

surface in addition to extent of frost bulb growth above and

below the pipe

331 FreezeThaw Advancement from Surface

The control run without pipe for nonpermafrost environment

with twelve inches of surface water shows seasonal maximum

frost penetration of approximately 3.8 feet from stream bottom

Figure 3-3 The corresponding simulation with bare pipe

15F and four foot cover depth indicates that the ground

below the pipe is frozen to depth of 20 ft within the first

year of operation Seasonal thaw penetration into the streambed

is less than one foot Figure 3-4 Equilibrium of thaw depth

with surface heat balance is quickly reached Simulations with

insulated pipe including either three or five inches of insula

tion and with either four or eight foot cover depth indicates

minimal effect on the surface freeze thaw penetration depths
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Compare Figures 35 36 3-7 3-8 to Figure 3-3 The appen
dages on the third and fourth year isotherms shown on Figures 3-7

and 38 represent remnant frozen areas resulting from the des
cending frost front The dashed lines on all isotherms represent

extrapolated results in contrast to interpolated results between

points representing monthly 32F isotherm depths shown by solid

lines

Results of simulations for nonpermafrost environment without

surface water are presented in Figures 3-9 through 3-11 The

control run without pipe shows maximum seasonal frost pene
tration of approximately seven feet from the ground surface

Figure 3-9 Simulations with pipe include four and eight

feet of cover using three inches of insulation in each case
With four feet of cover the seasonal thaw front penetrates to

the insulation surface each year as shown in Figure 3-10 With

eight foot cover the seasonal thaw depth continues to decrease

throughout the simulation period to depth of approximately five

feet below ground surface Figure 3-11 This condition consti

tutes design consideration that must be resolved during design

for use of inch insulation

Results of thermal simulations for permafrost environment

overlain by twelve inches of surface water are shown in Figures

312 3-13 314 Three inches of pipe insulation and cover

depths of four and eight feet are simulated Seasonal thaw

penetration is approximately 4.5 feet below the streambed for the

control run Figure 3-12 The seasonal thaw penetration is

reduced to approximately 3.5 feet below the streambed for both

four and eight foot cover depths Figures 3-13 and 3-14 For

the shallow burial case thawing is attenuated due to frost

advancement from the chilled pipe

Results of simulations for permafrost environment without sur

face water are shown in Figures 315 through 3-17 The control

run simulation indicates maximum seasonal thaw penetration of

approximately eight feet Figure 3-15 Three inches of pipe

insulation and cover depths of four and eight feet are simulated

The seasonal thaw penetration extends to the insulation surface

with four foot burial depth Yearly frost bulb growth above the

pipe extends less than one-half foot before joining the freezing

front advancing down from the surface Figure 3-16 With eight

feet of cover the seasonal thaw depth extends to approximately

6.5 feet below the surface Figure 3-17 This is reduction of

approximately 1.5 feet compared to the control case

33.2 Frost Bulb Growth

Results of the frost bulb growth around the pipe for the non-

permafrost 5-year simulations are shown in Figures 3-3 through

311 and are summarized in Table 33 Table 33 also presents

the results of the three 10-year simulations employing the re

CHILLED PIPE EFFECTS ON STREAMS Rev. Page
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start capability The rapid frost bulb growth for the bare pipe

case indicated that no additional bare pipe simulations were

needed as this development is unacceptable With twelve inches

of surface water the use of five inches of pipe insulation re
sults in less than onehalf foot of frost bulb growth below the

bottom of pipe for both four and eight foot cover depths The

four foot cover depth produces slightly less frost depth 0.43 ft

vs 0.49 ft Figures 36 and 38 Three inches of pipe insula

tion result in frost penetration depths of 2.35 ft and 249 ft

for four and eight foot burial depths respectively Figures

35 and 37

Extended simulations for the cases employing three-inch insula

tion indicates frost bulb depths of 3.60 ft at the end of the

tenth year for four foot cover and 4.11 ft at the end of the

ninth year for eight foot cover The frost bulbs in each case

continue to grow

The effect of surface water presence on frost bulb growth is

evident where foot cover depth was used Frost penetration was

249 ft with 12 inches of surface water and 3.99 ft without

surface water For the simulations using inches of insulation

and four foot cover the presence of surface water showed no

effect as shown on Table 3-3 and on corresponding figures

The effect of deeper burial on frost bulb growth is not

substantial for the simulations with 12 inches of surface water

and either or inches of insulation as evidenced from Table

33 However without surface water and with inches of pipe

insulation the year frost bulb growth is significantly larger

with deep burial Frost penetration is 99 ft for the foot

cover vs 214 ft for foot cover

333 Freeze and Thaw Dates

Results of the simulations of chilled pipeline effects on stream

bottom freeze and thaw dates are presented in Table 34 Dates

are derived from straight line interpolation between data points

of 32F isotherm depth vs time plots of EPR output for the fifth

year of each simulation Results of simulations including both

permafrost and nonpermafrost environments are included in the

table

In the simulations the presence of an uninsulated pipe accele

rates the freeze date 82 days and delays the thaw date 23

days of the stream bottom in comparison to the control With

pipe insulation the stream freeze date is accelerated by max

imum of days maximum and the stream thaw date is delayed by

days An increase in insulation thickness from three to five

inches and increase in burial depth provide slight improvement in

reducing these effects
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3.304 Stream TemperatureppreSSiOn

The effects of the chilled pipe on monthly stream temperatures

are presented in Table 35 The results represent simulated

stream temperatures at the stream bottom directly above the pipe

centerline for the fifth year of operation Temperature differ

ences between simulations including pipeline operation and the

appropriate control are also presented in parentheses for ease of

comparison

The stream bottom temperature is reduced nearly 21F in

simulations with an uninsulated pipe as shown for month 43 Use

of five inches of pipe insulation results in maximum stream

temperature depression of 2.8F in the nonpermafrost simulation

This reduction occurs during month 51 when the stream is

unfrozen

With three inches of insulation the maximum stream temperature

depressions are 57F for the permafrost environment and 3.7F

for the nonpermafrost environment The 5.7F reduction occurs

when the stream is frozen month 45 when the control indicates

the lowest temperature and the 3.7F reduction occurs when the

stream is unfrozen month 51

Deeper burial provides slight improvement in reducing the

effects stream temperature as indicated for both environments and

insulation thicknesses

Table 3-6 shows temperature values at 11 and 19 ft from pipe

centerline for run JVO12O which simulates threeinch insulation

and fourfoot burial in nonpermafrost environment This is the

run which shows the maximum stream temperature depression during

period of unfrozen conditions These results indicate how the

chilled pipe effects on stream temperature depression is reduced

with distance from the chilled pipe At eleven feet from center

line the maximum reduction in temperature is 18F At 19 feet

the maximum reduction is 1.0F compared to 3.7F reduction di
rectly above the pipe It is expected that stream flow mixing

would likely reduce the maximum water temperature depression to

well below 3.7F

Generally the most critical periods for stream temperature

alterations are considered to be just after spring breakup and

just before freezeup The results of the simulations presented

in Table 3-5 indicate temperature deviations of generally less

than 1.5F during these periods Even more important surface

water mixing is expected to reduce this effect

Results of streambed temperature depression for simulations with

out surface water are presented in Table Results of three

inch pipe insulation and burial depths of four and eight feet are

i- CHftLEDP EEFFECTS ON STR EAMS RevPag14 of
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compared to controls for permafrost and nonpermafrost environ

ments The maximum temperature depression at ground surface of

4.8F occurs with the shallow burial in the permafrost environ

ment The maximum temperature deviation in the nonpermafrost
environment is 3.4F which occurs in simulations using four foot

cover depth These maximum deviations occur during frozen

periods During unfrozen periods the deviations are generally

less than onehalf degree within both environments Deeper
burial significantly lessens the stream temperature depression
caused by the chilled pipe presence

ii

YU

jP
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The PORFLOW_F Computer model has been developed for sjmul
both stream flow and groundw flow Which are Coupled to the

heat transfer equatio in order to Simulate convective heat

transfer
Preliminary study has been perfoed to show that

PORFLOWF and EPR give comparable results for heat Conduction
simulations

utilizing analytical solutns for several heat

conduction Cases Reference

PORFLOWF is
mathematical model which simulates

groundwa
flow and heat transfer through Porous media see references and

for the
mathematicai deve1opm and numerical techniques

employed in the model The model has the ability to simulate the

reversible change in phase from water to ice Within the Porous

media It incorporates two mechanisms of heat
transfer namely

convection and conduction
Interaction between the porous media

and contigu
boundaries such as an overlying stream and an

underlying impermeable
boundary are standard features The model

also considers heat transfer between the atmosphere and

stream or directly with the porous media0 The model uses
finitedjfference

techniques to approximate the coupled twodi
mensional equatj5

governing groundw flow and heat transfer

The numerical algorj
developed to model phase change is imp.li

Citly coupled to the Solution of the groundw flow and heat

transfer equat05

PORFLOWF tabular printout may be obtained at various times

througho
simulation for the following output arrays

Xdirectiona1 component of groundw flow velocities
between grid cells

Ydirectionai
component of groundwt flow velocities

between grid cells

Total hydraulic head values at each grid point
Temperature values at each grid point
Ice content values for each grid cell
Values for the five variables listed above at selected
reference point at each time stepAn

auxiliary Contouring program is available for
Producing se

lected contour plots of
temperature hydrauj head and ice con

tent
Groundwater flow vector Plots can be generated with this

CHILLED PIPE EFFECTS ON STREAMS
Rev.2
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package also These plots provide the most useful means of dis

playing the simulation results and they are used for comparing

and analyzing the results of various simulations

The model is capable of simulating transient flow within the

porous medium so that timevarying responses can be determined

for seasonal variations in atmospheric and stream conditions

42 SENSITIVITY ANALYSIS

An assessment of the sensitivity of various model output respon
ses to variations in model input has been made for details see

reference PORFLOWF Sensitivity Analysis

Input parameters examined include

stream water depth
stream temperature
direction of groundwater flow

hydraulic conductivity of porous media

thickness of pipe insulation

The output parameters examined include

groundwater velocities

hydraulic head
subsurface temperature
ice content

The results of the sensitivity analyses include investigations of

the effects of hydrogeolic variables in addition to investiga

tions of the effects of pipeline operations

The above parameters were chosen for examination within the sen

sitivity analyses because they are expected to be the most signi
ficant with respect to convective heat transfer effects and

groundwater flow alteration Sensitivities to variations in

atmospheric heat exchange coefficients and effective air tempera

tures are not considered in this study

Two grid schemes have been employed for the PORFLOW-F simula

tions the difference between the two schemes being associated

with the thickness of the insulation around the pipe The dimen

sions of the modeled region are 200 feet long and 45 feet in

depth Figure 4-1 shows the regional cross sectional grid

scheme and Figure 4-2 shows typical detailed grid section

around the area of the pipe Figure 4-3 shows five typical

zones used in various simulations Zone represents single

point at the center of the pipe while zone IV represents the

CHftLED PIPE EFFECTS ON STREAMS Rev. Page
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combined effects of the pipe and the insulation having an

effective thermal conductance which represents the combined

properties of the pipe and insulation

Values for soil thermal properties are presented in Table 4-1
These values are assumed to be constant for all simulations

Other values of soil thermal properties will be considered for

use during detailed design The surface boundary condition is

modeled using an atmospheric simulation algorithm which uses

available climatic data to determine surface heat exchange coef

ficients and effective air temperatures Climatic data used for

all simulations are shown in Table 42 for complete year
These data are representative of mean values for the Fairbanks

climate

Other invariant input parameters used in the simulations pertain

to the equation associated with the phase change mechanism This

equation is defined in Reference and the coefficients used are

representative of coarse grain soil

43 RESULTS

Undisturbed conditions are obtained for simulation time of

years for given set of input conditions This time period is

usually sufficient to produce cyclical temperature patterns in

the subsurface and allows time for initial transients to be

dampened from the simulations For the simulations involving

pipeline operation after undisturbed conditions are established

the pipeline is included and operation is started six months from

the beginning of the simulation Note The dormant period is not

part of this study Simulations are conducted for 4.5 years

after pipeline start-up The fifth year simulation results serve

as the basis for the following discussions

4.31 Variations in Surface Water Depth

Five simulations were performed to analyze the sensitivity of

subsurface temperature and ice content to variations in stream

water depth These simulations were performed using static

groundwater conditions and range of stream water depths from

to 525 feet These depths cover the range of expected natural

variability for most static water bodies expected to occur with

the pipeline alignment Results from these simulations are shown

in Figures 4-4 to 4-8 Figures 4-4 to 4-6 represent the varia
tion of temperature with stream water depth at three locations

below the surface water body 05 feet 24 feet and 9.8 feet

These depths are examined to indicate the sensitivity of

groundwater temperature to stream depth in the vicinity of the

pipeline Variations are considered for each month of the year
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Figure 47 shows annual temperature variations with stream water

depth variation for those locations defined above

Figures 44 to 46 indicate that subsurface temperature varia

tions and temperature sensitivity to variations in stream water

depth are dampened with depth Figure 47 further illustrates

these results An increase in stream water depth dampens the

groundwater temperature variations significantly The annual

temperature variations below waterbody of 0.5 feet depth is

27F while below 525 foot deep waterbody it is only 4.8F

Figure 4-8 shows the variation in maximum freeze depth with

stream depth variation Results shown in this Figure indicate

the same effects of stream water depth variation on frost pene
tration as shown for temperature responses Fros penetration is

substantially reduced below deep water bodies because of the

dampening of the surface thermal effects due to the high thermal

capacity of water

In addition to the five simulations performed with variable

stream water depth four more simulations were conducted to ex
amine the effect of the chilled pipeline on groundwater tempera

ture and ice content These simulations considered stream water

depths of foot and 5.25 feet for the case of an uninsulated

pipe with gas temperature of 15F see Figures 4-9 and 4-10
and foot stream water depth with pipe insulation being

inches and inches Figures 411 and 412 These last four

simulations although not directly associated with the

sensitivity analysis process have been used in conjunction with

the results from the initial simulations to qualitatively examine

the effects of stream water depth on groundwater temperature

with and without the pipeline

Simulation results show that bare chilled pipe operation will

substantially alter the ground thermal regime Beneath both

water bodies examined the 32F isotherm occurs around the pipe

and extends to approximately 22 feet below the base of the pipe

by the middle of the fifth year This compares favorably with

the results of the EPR analysis approximately 21 feet as shown

on Figure 3-4 For stream water depth of foot thawing

occurs at the surface and enough surface energy is transferred to

reduce the frost bulb around the top of the pipe For the deeper

water body thawing does not occur around the pipe because all of

the surface energy is absorbed by the stream water body

Application of circular insulation significantly reduces the

effects of the chilled pipeline as shown in Figures 4-11 and

4-12 These simulation results are obtained using foot deep

stream water depth The frost bulb around the pipe waxes and
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wanes with climate fluctuations for both inches and inches of

circular insulation See Reference In both cases the frost

bulb is effectively thawed by the beginning of winter

4.3.2 Stream Temperature Variations

Due to the high thermal capacity of flowing stream the temper
ature of the modeled flowing stream will not change due to

climatic or groundwater conditions over the reach length being

simulated However stream is expected to affect the sub

surf ace thermal regime over which it is flowing In order to

investigate these effects generalized cold and warm stream

were selected from available data to conduct four simulations

Figure 4-13 shows the annual temperature profile for the two

streams In these simulations static groundwater conditions

were assumed and 1foot deep stream flowing at ft/sec was

employed in each case Simulated stream flow is assumed to cease

when the stream temperature reaches 32F

Results obtained for the simulation of undisturbed conditions are

shown in Figure 4-14 for the cold stream and 4-15 for the warm

stream In both cases shallow groundwater temperatures closely

correspond to the stream temperature These figures demonstrate

strong sensitivity of subsurface temperature to stream tempera

ture variations

Figure 416 demonstrates the importance of stream temperature

variation on the subsurface thermal regime Frost penetration

for the cold stream is substantially deeper up to times

deeper than below the warm stream

Simulation results including chilled pipeline operation with

gas temperature of 15F and inches of insulation are shown in

Figures 4-17 and 4-18 for the cold stream and the warm stream

respectively Figure 417 shows the frost bulb around the

pipeline extending slightly deeper than the frozen soil layer

which develops under undisturbed conditions The 32F isotherm

extends feet deeper below the pipe than it does in the area

unaffected by pipeline operation

The maximum growth of the frost bulb around the pipe beneath the

warm stream is shown in Figure 418 This frost bulb waxes and

wanes with the temperature fluctuation of the stream See Refer

ence In the summer the frost bulb is totally thawed by

November due to the thermal energy transferred by the stream at

the surface The frost bulb starts growing around the pipe once

the stream temperature is reduced below 32F and stream flow

ceases These results indicate that frost bulb growth can be

significantly reduced by the presence of warm stream flow at the

surface
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4.3.3 Groundwater Flow Direction

Three types of groundwater flow are examined recharge

discharge and lateral flow Groundwater flow in recharge areas

is dominated by flow that moves vertically dOwn from the surface

In discharge areas groundwater flow is directed toward the sur

face Lateral flow is described by groundwater movement parallel

to the surface Lateral flow may occur in combination with

either recharge or discharge flow but in these sensitivity analy

ses each component flow is analyzed separately

4.3.3.1 Groundwater Recharge

Groundwater recharge rates may vary over large range of values

depending upon the hydraulic conductivity of the stream bed

material For this analysis two averaged recharge rates are

selected to examine the effects of recharge rates on subsurface

temperature and ice formation around chilled pipeline

.1 ft3/ftad and 1.0 ft3/ftd The surface temperature is

assume main aine at throughout the simulation which

may be considered to be representative of glacial fed stream

For the cases simulated the subsurface temperatures take on the

temperature of the recharging groundwater Therefore the

groundwater temperature remains at 33F and there is no frost

penetration in simulations for undisturbed conditions The ef
fects of introducing an uninsulated chilled pipeline operating

at 15F are shown in Figure 419 These results represent the

conditions for the flow rate of 1.0 ft3/ft2-d The results show

freeze bulb developing around the chilled pipe similar in size

to the simulations of static groundwater and stream flow condi

tions see Figure 49 The results for the lower recharge rate

are very similar The results show that temperature alterations

and freeze bulb development are not significantly affected by

variations in groundwater recharge rate for the cases selected

here employing 33F groundwater

The effect of the chilled pipeline on groundwater flow is neglig
ible in the simulations of recharge conditions The primary

effect is to reduce the area available for recharge in the mod
eled section due to frost bulb growth As shown in Figure 4-19

recharge continues to occur either side of the pipeline as would

be expected The area affected by the pipeline and attendant

frost bulb amounts to less than 10 percent of the modeled area in

the simulations conducted in this analysis This percentage

would be much less were calculations to be based on the actual

available area of recharge in the physical environment

CHILLED PIPE EFFECTS ON STREAMS Rev. Page
21 of

129



4.3.3.2 Groundwater Discharge

The sensitivity of temperature and frost penetration to varia

tions in groundwater discharge was examined using range of

groundwater discharge rates from 0.01 ft3/ft2d to 5.0 f3/ft2-d

Discharge rates as high as ft3/ftd occur at certain locations

along the alignment although generally only for short period

Incoming groundwater temperatures were varied from 33F to 40F
These ranges of values are expected to cover the range of possi
bilities along the pipeline alignment except in unusual occur
rences

Results of the various simulations are shown in Figures 4-20 to

422 These results indicate the sensitivity of groundwater

temperature to discharge rates above 0.5 ft3/ft-d Below this

value discharge to the surface ceases to occur because of frost

penetration from the surface As shown in Figures 4-20 to 422

temperatures below depth of feet are maintained at the incom

ing groundwater temperature throughout the year indicating no

sensitivity to changes in flow for the rates above 0.5 ft3/ft2d

Results for simulations including uninsulated pipeline operation

are shown in Figure 4-23 The groundwater discharge rate is 05
ft3/ft2-d in this simulation and the incoming groundwater temper
ature is 33F This simulation indicates that bare chilled pipe
line operation is relatively unaffected by the occurrence of the

groundwater discharge for the groundwater flow rate and tempera
ture analyzed The freeze bulb grows to similar extent shown

for static groundwater and surface water conditions see Figure

49
Effects of chilled pipeline operation on groundwater discharge

in these simulations are not significant As shown in Figure

423 groundwater flow vector plot groundwater is diverted

around the pipeline and exits at the surface The total flow is

somewhat reduced due to the reduction in the crosssectional area

by the chilled pipeline and attendant frost bulb However this

reduction is expected to be insignificant for most groundwater

discharge areas when compared to the total area where ground
water is discharging

4.3.3.3 Lateral Groundwater Flow

Lateral groundwater flow is the predominant groundwater flow

direction in alluvial stream environments underlain by thin aqui
fers large range of flow rates are expected to occur in these

thin alluvial aquifers High stream gradients and coarse grain

soils in mountain streams and low gradients in lowlands streams

are expected to define broad range of lateral groundwater flow

values
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The effects of variations in lateral groundwater flow on tempera

ture and frost penetration was examined by considering four

groundwater flow rate 00 0.1 1.0 and 50 ft3/ft2d These

flows are expected to cover the range of variability for most

lateral flow conditions The last value although being rather

large was used to better examine the sensitivity of groundwater

temperature to potentially high flows temperature of 33F was

assumed for the incoming groundwater static one foot deep

stream water body was included on the surface of the model area

Simulations for chilled pipe operation were conducted using these

various lateral flow cases Selected pipe configurations in
cluded bare pipe and pipe covered with inches and inches

of circular insulation

Resu-lts indicating temperature sensitivity to lateral groundwater

flow are shown in Figures 4-24 to 4-26 significant effect of

lateral groundwater flow is to increase the thermal capacitance

of the soil Temperature variations are reduced with depth as

result of this effect Groundwater temperatures appear to be

most sensitive to changes in lateral flow values at lower ground

water flow rates As flow rates increase groundwater tempera

tures tend toward the temperature of the inf lowing water This

is particularly noticeable with increasing depth below the stream

See Figure 426
Chilled pipeline operation with and without insulation is incor

porated into lateral groundwater flow simulations and typical

results are shown in Figures 427 to 4-29 These figures indi

cate that the thermal capacitance of the lateral groundwater flow

in these simulations is not sufficient to reduce the freeze bulb

growth around bare pipeline when flow rates are 1.0 ft3/ft2d

and incoming groundwater temperatures are 33F The dimensions

of the freeze bulb are nearly the same as the freeze bulb simu

lated using static groundwater and stream flow conditions see

Figure 4-9 Application of three inches of circular insulation

is effective in reducing the freeze bulb growth around the pipe
The freeze bulb is comparable in size whether the lateral flow

rate is 01 ft3/ft2d or 10 ft3/ft2d indicating little sensi

tivity to variations in these flows at the lower groundwater

temperature

Figure 4-30 indicates how the thermal capacity of the lateral

flow is significantly increased when the incoming groundwater

temperature is increased to 40F As shown in this figure the

incoming groundwater supplies sufficient heat to prevent the

frost bulb from growing around chilled pipeline having inches

of circular insulation

Any groundwater flow may alter the subsurface thermal regime

particularly if the flows are above 0.1 ft3/ft2d See Figure

425 For the analysis of low incoming groundwater tempera
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tures summer warming effects are reduced by the presence of cool

groundwater flow This effect is expected to be considerably

altered beneath larger streams where the surface and groundwater

temperatures exceed 33F as shown by the results employing 40F

groundwater

Figures 4-27 to 4-29 show that operation of pipeline in

lateral groundwater flow area does alter groundwater flow In

the simulations using an uninsulated pipeline groundwater flow

is redirected to the surface and beneath the pipeline However

frost penetration from the surface reduces the upward flow and

eventually stops all flow to the surface This results in all

groundwater flow being redirected beneath the chilled pipeline

and attendant frost bulb see vector plot in Figure 427
Application of inches of circular insulation significantly

reduces the growth of the frost bulb and thus the area of flow

blocked by the pipeline

43.4 Hydraulic Conductivity Variations

In order to investigate effects on temperature ice formation and

groundwater flow simulations were performed using spatial varia

tions of hydraulic conductivity These variations were investi

gated using models representing

an increase in hydraulic conductivity with depth

decrease in hydraulic conductivity with depth and

decrease in hydraulic conductivity in the downstream

direction

Chilled pipeline operation was simulated under the second case to

examine the effects of the pipeline in thin shallow aquifer

Results for the simulation representing an aquifer where hydrau
lic conductivity increases with depth are shown in Figure 4-31

In this case groundwater flow is assumed to be lateral and the

incoming groundwater temperature at the upstream boundary is

33F There are two units occurring below static surface water

body the flow rate in the upper unit is 0.1 ft3/ft2-d repre
senting hydraulic conductivity of ft/d and the flow rate in

the lower unit is 5.0 ft3/ft2d representing hydraulic con
ductivity of 100 ft/d The upper unit is 10.5 feet thick The

results obtained for this simulation are very similar to the

results obtained for the the undisturbed simulations using

homogeneous soil distribution and lateral groundwater flow of 0.1

ft3/ft2-d This result may have been anticipated as the primary

thermal variations occur in the upper few feet of the aquifer

The second case represents shallow aquifer of 17.5 feet thick

underlain by an impermeable medium lateral groundwater flow

of 1.0 ft/ft2-d is assumed and its incoming temperature at the
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upstream boundary of the model is assumed to be 33F The

results of the simulation shown in Figure 4-32 are very similar

to the results obtained in the simulation for the same lateral

groundwater flow through homogeneous aquifer Figure 428

Chilled pipeline operation using inches of circular insulation

was incorporated into this model Typical simulation results are

shown in Figure 4-33 In comparison with Figure 4-28 it is

clear that the results are nearly identical to the results ob
tained for the homogeneous aquifer having the same lateral

groundwater flow Note that the 32.5 and 33F contours were not

plotted in Figure 428 These results indicate that decrease

in aquifer thickness for these flow conditions and groundwater

temperatures does not significantly alter the thermal effects of

the chilled pipeline

The last investigation of hydraulic conductivity variations

considers decrease in hydraulic conductivity downstream The

model constructed for the simulation consists of highly

permeable aquifer adjacent to an aquifer having much lower

hydraulic conductivity The hydraulic conductivity for the

upstream aquifer is 50 times higher than for the downstream

aquifer

The results shown in Figure 4-34 show that the ground tempera

tures near the contact of the upstream and downstream units is

significantly different from the homogeneous case Groundwater

discharging at the surface near the contact provides mechanism

for heat to be convected to the surface

Generally temperatures are maintained near the incoming ground
water temperature In the winter months this convective heat

transfer toward the surface slows frost penetration from the

surface and may result in aufeis development These results

indicate that variations in horizontal stratigraphy may produce

thermal and groundwater flow patterns at the contacts which vary

dramatically from those obtained for homogeneous aquifer condi

tions

4.4 SENSITIVITY ANALYSIS CONCLUSIONS

The sensitivity analysis results presented in this section indi

cate that thermal investigations conducted for stream environ

ments should account for convective heat transfer mechanisms such

as stream flow and groundwater flow The most important hydro
geologic parameters identified in the analysis are

Direction and rate of groundwater flow

Incoming groundwater temperature
Stream flow and associated stream temperature
Horizontal variations in hydraulic conductivity
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Each of these factors has strong influence on the thermal

results the PORFLOWF simulations Therefore careful consid

eration should be given both in selection of input values for

simulation and in interpretation of the results from simula

tion

Results obtained for simulated undisturbed conditions and chilled

pipeline operation are summarized in Table 4-3

y7

70
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50 DESIGN PROCEDURES

This section contains the methodology which presents the pro
cedures for assessing chilled pipeline effects on stream cros

sings and potential impacts on the environment and adjacent fa
cilities provides means for selecting stream crossing de
signs that will limit development of adverse chilled pipeline

effects and identifies alternative design concepts which are

available for controlling all potentially adverse chilled pipe
line effects that may be identified along the gas pipeline align
ment These procedures for chilled pipe effects are to be em
ployed during detail design and will require compatibility with

other design procedures for frost heave and thaw settlement to

meet all design criteria specified in the Pipeline Design Cri
teria Manual

Procedures for assessing chilled pipeline effects consist of two

primary concerns i.e stream temperature depression and altera

tion of groundwater flow Those secondary concerns as outlined

in the introduction will be controlled through appropriate at
tention to the two primary effects Procedures for conducting

this design assessment process are described in the following

subsections

51 STREAM TEMPERATURE DEPRESSION

The potential effects of stream surface water temperature depres
sion must be assessed for all environmentally sensitive streams

Each stream identified as fish habitat is considered environ

mentally sensitive Additional environmentally sensitive streams

may be identified by project environmental groups These may

include nonfish stream aquifers that sustain proximal downstream

fish overwintering areas or other special wildlife or vegetation

areas To prevent potential detrimental lowering of stream tem

peratures at these identified locations pipe insulation will be

specified for the construction mode

Sections 30 and 4.0 present computer modeling results for vari

ous generalized stream environments In general these simula

tions show minimal effect on stream temperature and freezeUp and

breakup dates except for the cases where bare pipeline opera
ting at 15F was used

Additionally effects on stream temperature depression were in
vestigated using simplified convective heat transfer model

range of stream flow rates was examined modeling stream flow over

chilled streambed segment Results of these analyses indicated

that stream temperatures were decreased by less than one degree

for all flow rates examined Details of the methodology and

results of analysis are presented in Appendix
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Application of three inches of circular pipe insulation shows

that chilled pipe effects are significantly minimized and

seasonal climatic conditions control the shallow thermal regime

Therefore minimal three inches of circular pipe insulation or

equivalent value will be specified in the design mode for all

streams identified as environmentally sensitive Exceptions to

this requirement may occur however Sitespecific analysis may

identify certain streams such as large perennial streams for

which pipe insulation is not required to control adverse thermal

effects

5.2 ALTERATION OF GROUNDWATER FLOW

The primary concern for groundwater flow alteration is the poten
tial for aufeis development and the consequences associated with

aufeis formation Each stream crossing is assessed to determine

the potential impact of aufeis on

public and private roads

TAPS pipeline and civil structures

other adjacent private and public facilities and

the environment

Another major concern of groundwater flow alteration is redirec

tion of groundwater flow to the surface which normally provides

base flow to downstream fish overwintering areas

Before an analysis of chilled pipeline effects on groundwater
flow can be performed it is necessary to characterize the occur

rence and direction of groundwater flow for undisturbed condi

tions Along the pipeline alignment groundwater may occur as

suprapermafrost intrapermafrost or subpermafrost groundwater

Cederstrom et al 1953 Reference or it may occur in totally

thawed regions The direction of groundwater flow may be charac
terized as recharge vertically downward flow discharge verti
cally upward flow and lateral flow flow that is predominantly

parallel to the land surface The occurrence and direction of

groundwater flow can be characterized for use in the following

levels of analysis using available data and applying the general

principles for groundwater flow Details of the procedures for

making these characterizations are given in the report entitled
ExhibitA Design Approach for Chilled Gas Pipeline Effects on

Streams Groundwater Analysis Design Considerations Stream

Crossings Reference
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52.1 Level Anaiysis

Level analysis is based on the Darcy Equation

Ki 5i

where Darcy velocity Ft3/ft2-d

hydraulic conductivity Ft/d

hydraulic gradient Ft/ft

The Darcy velocity is used to compute the unit width groundwater

flow volume from the equation

qD
52

where unit width aquifer discharge Ft3/ftd
13 depth of groundwater flow Ft

Streams that have combination of local hydraulic gradient and

hydraulic conductivity that results in Darcy velocity of less

than 0.1 Ft3/ft2-d are considered nonproblematic with respect to

groundwater flow based on the following considerations

The volume of water diverted by the pipeline and poten
tial frost bulb is insignificant if

the blockage is in groundwater recharge area the

volume of infiltrating water blocked may range from

zero to maximum of 01 Ft3/ft2d times the frost bulb

width This quantity in Ft3/ft2d per foot length of

pipeline traversing the recharge area is expected to be

negligible when averaged over the reach of the stream

the blockage is in groundwater discharge area the

volume of water intercepted by the pipe is expected to

be diverted around the pipeline so that the total

volume discharging remains nearly the same In this

case the location of the discharge affected by the

pipeline may be slightly shifted upstream or downstream

of the crossing

the blockage is in an area where groundwater flow is

lateral the volume of flow blocked may range from zero

to maximum of 0.1 Ft3/ft2d times the frost bulb

depth If insulation is used and/or the aquifer is

thicker so that lesser percentage of the flow is

interupted then the volume of flow altered becomes

some percentage of the total flow as presented in

Figure 52
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flow Examples include streams underlain by relatively imperme
able permafrost competent bedrock and other geologic formation

having low hydraulic conductivity

The operation of chilled pipelinein lateral groundwater flow

area may act as subsurface dam possibly causing redirection

of groundwater flow to the surface to form aufeis Another im
pact of this blockage may be reduction in the supply of ground
water to downstream fish streams

An assessment of groundwater flow alteration can be made using

Equations 51 and 52 and Figure 5-2 This procedure provides

an estimate of the quantity of groundwater flow that may be

affected by the chilled gas pipeline The procedure for using

these figures is as follows

Ie_data_and_en.geering judgement estimate

Crosssectional area through which groundwater flow is

occurring This may be thaw bulb geometry and/or geom
etry of permeable media

Assign an average hydraulic conductivity to the porous
media using representative values for the geologic
formations and soil classes as reported in the litera

ture Freeze and Cherry 1979 Reference

Assume saturated flow conditions

Assume the hydraulic gradient is equal to the local topo

graphic gradient

Assume total blockage by the chilled pipeline approaches

the maximum expected frost bulb size for the soil type
design climate and construction mode

Use Equation 51 to find the lateral groundwater flow

rate

Find the total unit width groundwater flow quantity using

Equation 5-2

Using the value from Equation 52 and knowing the per
cent of potential flow blockage from estimates of the

flow region geometry and the assumption in the third

bullet above use Figure 5-1 to find the potential quan
of groundwater that may be redirected to the sur

fe1x
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Use the procedure described in Subsection 5.4 to assess

the potential development of aufeis using the computed

values of groundwater flow diverted to the surface

Assess the potential impact to downstream water bodies as

result of the potential loss in base flow

Recharge Flow

Recharge flow conditions exist where groundwater flow is moving

vertically down from the ground surface Typical stream environ

ments include alluvial fans2 alluvial terraces and other environ

ments where the water table is below the bed of the stream/ç

throughout all or most of the year

There are two basic situations that may be analyzed for chilled

pipeline effects on groundwater flow in recharge areas These

two cases are

areas where water freely drains in vertical downward

direction beyond depth assumed to exceed the maximum

potential blockage by the pipeline and attendant frost

bulb and

areas where the vertical downward flow of groundwater is

intercepted by unit having lower permeability than

overlying units causing groundwater flow to be redi

rected parallel to this unit

In the first case alteration of groundwater flow is considered

insignificant and therefore any stream exhibiting these charac

teristics will be considered to be nonproblematic with respect to

chilled pipeline effects on groundwater flow

For the second case in which flow is redirected by lower per
meability unit at shallow depth effects are assessed in the same

manner as for lateral groundwater flow areas That is the zone

from the surface down to the lower permeability unit is assumed

saturated and flow occurs laterally along this unit With these

assumptions the procedures outlined for assessing lateral flow

areas are applied

An additional analysis may be performed for recharge areas un
derlain by relatively impermeable zone at shallow depths This

analysis involves assessing the probability of the water table

intersecting the pipeline If it is highly improbable for the

water table to rise to the bottom of the pipeline or the frost

bulb then redirection of groundwater flow to the surface by the

pipeline is highly improbable
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The method for determining the probability of the water table

intersecting the pipeline or the frost bulb is based upon Figures

5-3A and 53B which are taken from the U.S Bureau of Reclama

tions Drainage Manual 1978 Reference These graphs repre
sent steady state dimensionless water table profiles for steady

infiltration on sloping ground surface underlain by sloping

impermeable unit The surficial deposits are assumed homogeneous

and isotropic in their hydraulic properties

The procedures for determining the shape of the water table in

the area of concern proceeds as follows

Using available data or assumptions estimate

maximum probable infiltration rate for the sum

mer ft3/fta_d

an average hydraulic conductivity of the surficial

deposits ft/d

length of the slope over which infiltration occurs

ft see Figure 54

land surface slope ftlft

Sb slope of the impermeable unit ft/ft

Dbl depth to the impermeable unit at the upper end

of the area ft

Db2 depth to the impermeable unit at the lower end

of the area ft

Make crosssectional profile of the area as shown in

Figure 54

Develop table of coordinates for the height of the

water table above the impermeable unit and the dis
tance from the top of the slope where infiltration ex
ists as follows

Find the value of I/k

Make table of values for h/SbL for various values

of x/L from the appropriate graph in Figure 5-3A or

5-3B is the horizontal distance from the edge of the

region where infiltration occurs and varies in value

from to

Compute corresponding values of for the appropriate

values of x/L above knowing
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Compute corresponding values of using the values

of hISbL knowing 5b
and

Graph the water table profile on the crosssection

developed using the computed values0

After the water table profile is plotted the proposed pipeline

may be located on the cross-section profile If the pipeline

location is in an area where the water table lies below the pipe
line structure then chilled pipeline effects on groundwater flow

are considered nonproblematic and special design considerations

are not required Otherwise the stream crossing will require

Level III analysis

Discharge Areas

Groundwater discharge areas occur where groundwater exists from

the groundwater flow system Generally groundwater discharges

in topographicly low areas such as at streams lakes and other

depressions0 Groundwater discharge areas may be identified by

the perennial occurrence of surface waterbodies such as perennial

streams lakes and springs various varieties of vegetation and

in the arctic and subarctic by some occurrences of aufeis

Groundwater discharge occurs wherever the water table intersects

the land surface This intersection may be brought about by an

abrupt change in hydraulic gradient or hydraulic conductivity

gravity flow and other geologic controls Some examples of typi
cal groundwater discharge occurrences in arctic and subarctic

regions of Alaska are shown in Figure 55 Any of these areas

may have an associated icing potential when air temperatures are

below freezing

The primary consideration for chilled pipeline effects on ground
water flow in discharge areas is augmentation of existing aufeis

development The proposed chilled gas pipeline route has been

chosen in order to avoid many aufeis occurrences however some

areas of contact are unavoidable due to other design considera

tions Therefore an assessment of chilled pipeline effects in

these areas is required This is performed primarily to charac

terize the conditions causing groundwater discharge If it is

assessed that the discharge is largely localized phenomenon
for example spring or other point discharge then route re
alignment may be necessary to avoid the occurrence

Discharge of water occurring on regional scale is more diffi

cult to avoid There is very little that can be done to prevent

aufeis from developing in these areas therefore the design mode

in groundwater discharge areas will incorporate techniques that
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control the discharging groundwater so that impacts to the envi

ronment and adjacent facilities are minimized These special

design solutions are described in Subsection 55

5.2.3 Level III Anysis

After applying Level and II type of analysis to the stream

crossing number of streams may be identified as problematic

with respect to chilled pipe effects These streams are subject

to Level III analysis

This third level of analysis uses computer modeling techniques for

assessing chilled pipeline and groundwater flow interaction At

this level there are two types of4nalyses that may be per
formed The first type of analysis-is based upon categorization

of the remaining stream crossings and conducting computer simula

tions using generic stream crossing model that is representa
tive of an individual category This analysis is referred to as

Level IllA analysis The second type of analysis is site

specific analysis using an idealized stream model that represents

the sitespecific conditions of particular stream crossing and

is referred to here as Level IllB analysis

Stream categorization is employed to determine designs that will

limit undesirable chilled pipeline effects on streams This

process consists of selectively grouping streams into

series of categories assessing the potential chilled pipeline

effects using analyses appropriate for each category identi

fying streams that require special design considerations and

selecting designs that will minimize potential adverse effects of

the chilled gas pipeline Stream categories are based upon the

physical characteristics of stream environment outlined in

Table 51

Specific input variables to the simulations that will require

definition for each of the generic streams are listed in Table

52 The choice of specific values of each for these variables

will be directed toward conservatism both in assessing the max
imum frost bulb growth and groundwater flow alteration However

the ranges or these values will be governed by reasonable esti

mates for these values based upon evaluation of sitespecific
conditions of each stream within the category

The generic stream crossing defined for category serves as

input to more realistic evaluation of potential chilled pipe

effects using computer simulations First simulation is per
formed to establish undisturbed conditions representative of the

category Then effects of chilled pipeline operation are evalu

ated using more appropriate design parameters The results of

the simulations are used to assess the potential impact to the

environment and adjacent facilities
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Those streams identified in the Level 111A analysis as remaining

problematic may be given site-specific analysis on an individ

ual stream basis This analysis proceeds in similar manner to

the analysis performed for the generic stream developed for cate

gory analysis except at this stage sitespecific values for

those variables listed in Table 5-2 are used in the computer

simulations

If particular stream crossing is found to remain problematic

even after sitespecific assessment design alternatives are

investigated for minimizing the potential chilled pipeline ef
fects number of design alternatives are described in Subsec

tion 5.5 These desi.gn alternatives will be evaluated as to the

most appropriate design mode for the specific location This

will be determined by reassessing the problematic stream crossing

using the selected alternative design In addition the chosen

design for all stream crossings will require evaluation with

respect to compatibility with the requirement of the design for

frost heave and thaw settlement

53 FLOODPLAIN ALIGNMENT

Assessment methodology is developed for those areas where the

chilled pipeline alignment parallels stream for considerable

distances within the floodplain of the stream These areas in
clude the following alignment segments

Atigun River Flood Plain MP 168.77 169.43

Atigun River Flood Plain MP 170.0 170.43

Atigun River Flood Plain MP 170.59 17125

Dietrich River Flood Plain MP 18179 183.98

Dietrich River Flopd Plain MP 183.98 185.40

Dietrich River Flood Plain MP 185.40 197.00

Middle Fork Koyukuk River Flood Plain MP 213.80 214.34

Ray River Flood Plain MP 346.84 347.31

Three types of floodplain alignments are delineated for the pur
pose of assessing chilled pipeline effects These types are

distinguished primarily on the basis of the existence and thick

ness of the underlying shallow aquifer the nature of the ground
watersurface water interaction and the properties of the mater

ial at the base of the aquifer Generalized crosssections of

these alignments are shown in Figures 56 57 and 58

Type alignments are underlain by shallow continuous permafrost

as shown in Figure 56 Groundwater flow if it occurs at all in

the vicinity of the pipeline occurs in shallow active layer

In Type alignment sections groundwater flow is not expected to

pose problem because complete freeze down occurs in the winter

months
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generalj
cross_section of Type ii floodpln alignm5 is

Shown in Figure 57 These segmefl5 are Underlain by contu05
permafrost where the maxj depth to permafrost is 25 feetOccurrences
Therefore

groundwa occurrence is limited to
suprapermafrost

Groundwater flow in Type II segme5 can be
characterized by

three general flow Conditions effluent flow influent flow and

down valley flow Effluent flow Occurs when groundw levels

in the floodplain are higher than Steam stage This condition

develops due to infiltration at the surface signifi contri

butions from local groundwa Systems and/or
following drop in

river stage Influent
conditions

develop during river
stage

increases when the water moves from the stream into the adjac
aqujf

generally referred to as bank storage The latter

groundwa flow condition occurs when groundwa levels drop

below the stream bed and the Primary component of groundwa
flow in the floodplain alluvj is down valley where

discharge

occurs in lower reaches of the river
By

Considering the groundwa flow
characterizati above and

Figure 5-7 the Primary Chilled pipe effects concerns for Type ii

alignrn5 are
decrease in temperature of groundwa

during effluent conditions
reduction of groundwa flow

toward the stream due to potential blockage by the pipeline and

attendant freeze bulb decrease in bank storage due to po
tential blockage by the Pipeline and attendant frost bulb and
redirection of groundwa flow to the surface in the winter
resulting in aufeis formation An assessment of these effects

are requir for each seent identified as Type ii alignmThe
methodology employed to assess the potential chilled pipeline

effects for Type ii align5 uses computer simulations Each

of the segme5 within floqdp alignm are evaluated with

respect to their
hydrogeolgj1 and thermal

characteristi
Using this

evaluation
conservative generj model is developed

for
conducting simulations of an operating chilld Pipeline in

this
environment

Development and implementation of these simu
lations will be similar to those described in Section 4.0 Un
disturbed

Conditions will be established and then chilled Pipe

line operation will be introduced to examine the potential physi

Cal effects The results of this simulation are used to assess

the potential Chilled pipeline effects within each of the Type ii

segmen5 for the floodplain alignm Those segme5 identified

as problematic will be reassessed with one or more of the design

alternatives described in Subsection 5.5
Type 111 floodpla align5 are similar in physica charac
teristic5 to Type ii alignm5

except that permafrost is absent

or located below depth of 25 feet
generalj

cross_section

of Type ii alignm5 is depicted in Figure 5-8
Groundwater

flow conditio5 and chilled Pipeline effects are comparable to
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Type II alignments The assessment methodology used for Type III

alignments is the same as for the Type II alignments All Type

II segments within the floodplain alignment are evaluated in

order to develop generic model that conservatively represents

the group of segments In this model the lower boundary will

not be permafrost but rather the base of the alluvial valley fill

or other appropriate boundary Undisturbed conditions will be

simulated for the generic segments and then pipeline operation

will be introduced to examine the potential chilled pipeline

effects The results of the simulation will be used to assess

the potential chilled pipeline effects for each Type III segment
Those segments indicated as problematic will be reassessed with

the appropriate design alternative selected from those described

in Subsection 5.5

54 AUFEIS

The previous sections described the methods which are used to

assess the potential chilled pipe effects on groundwater flow.

One result of this assessment is the potential quantity of

groundwater flow that may be discharged to the surface This

section presents the methods applied to assess the potential

aufeis development resulting from this discharge

truly quantitative prediction of aufeis development resulting

from groundwater discharge is not possible because of the numer
ous uncertainties about the data required for such prediction

Reference 10 However by employing general physical princi

ples of surface water flow and heat transfer in conjunction with

engineering judgement qualitative assessment may be performed
The results of this assessment may be used as input to other

analyses to evaluate impacts on the environment and adjacent

facilities For example the location and extent of aufeis as

determined by this assessment may serve as input to the analysis

of bank migration and channel scour analysis or structure over

topping or encroachment in order to evaluate the effects of the

potential aufeis field on the environment and related facilities

The method for estimating the location and extent of aufeis

development is based on the following equations This method

requires information on

Groundwater seepage
Surface features including stream channel characteristics

and
Climate conditions

Groundwater seepage information is obtained as described in the

preceding sections Groundwater flow discharging to the surface

as result of blockage by the chilled pipe will generate
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shallow surface water stream which will freeze at some point

downstream of the seepage

Knowing the potential discharge rate of groundwater flow and

surface features including stream channel characteristics the

resulting surface flow may be determined This shallow surface

flow may be computed by Mannings equation

1.486
wd5/3 S12 53

where

Mannings roughness coefficient
the width of flow

depth of flow
the channel or land surface slope

the discharge

In this assessment will be determined from the analysis des

cribed in Subsection 52.2 The width of flow may be assumed to

be the stream channel width where well defined channel exists

and the slope is as defined Values for Mannings are re
ported in the literature for numerous stream channel characteris

tics By inspection the only remaining unknown is depth of flow

which can be computed from Equation 5-3

The result from this computation serves as input to appropriate

heat transfer equations to assess the distance the flow will

travel before it freezes completely

For instance the rate at which freezing will occur may be esti

mated from the following equation

bT
tf a1 ln Ld 5-7

b1T0b2 ff_

where

tf
time for water to freeze

TF freezing temperature
initial discharge temperature
latent heat of freezing
depth of flow
heat exchange coefficient at TF

a1b1b2 coefficients dependant on atmospheric parameters

Once values of T0 and the atmospheric parameters are de
fined a1 b1 b2 an tH can be evaluated so that graphs of tf

versus can be plotted These graphs can then be used to deter
mine the distance at which aufeis may form downstream of the dis
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charge point and the rate at which the aufeis field will grow
The distance can be calculated by multiplying the time to freeze

value tf by the velocity of the water moving downslope

The velocity of flow may be determined by another form of

Manning equation

1.486 /3 S12 55

where

is the average velocity of flow and

is the hydraulic radius of flow

In order to estimate the distance in which water will freeze

climatic data are required for the analysis Climate data are

being developed for various sections of the alignment These

data will be used for the stream crossings as appropriate

The volume of aufeis produced can be estimated by knowing the

length of time that subfreezing temperatures occur for given

area along the pipeline alignment Multiplying this number of

days by the discharge rate gives the total potential volume of

aufeis that may be produced This volume can then be distributed

over the area where aufeis is expected to develop knowing the

topography of this area using project survey data and available

topographic maps the thickness and general areal distribution of

he aufeis field may be ascertained

addition to evaluating the impacts of an aufeis field develop

ng at an assessed downstream location an evaluation of poten

-.tial aufeis impacts will be performed assuming that the aufeis

tt ield forms at the chilled gas pipeline crossing in other words

assume that all freezing occurs near the point of discharge

/Inthis way by assessing the impact of potential aufeis accumu

/L.1
ations both at the crossing and reasonable distance downstream

jb the crossing the two worst case aufeis scenarios will have

bbeen
evaluated

If the computed volume and extent of the potential aufeis occur

rence is assessed to encroach on an adjacent facility or to pose

blockage and erosion concern for an environmentally sensitive

stream the crossing design will be reevaluated using the appro

priate design alternatives listed in Subsection 5.5

5.5 DESIGN ALTERNATIVES

Aufeis whether occurring as river icings spring icings or

ground icings is difficult phenomenon to analyze predict and

control Because of its significant impact on roads drainage

structures mechanical and civil facilities and stream channels
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due to both the physical presence of the ice and to resultant

flood flows over the ice serious design considerations are war
ranted Thorough assessment of each stream crossing and selec

tion of appropriate measures to minimize the magnitude of the

potential icing provides means to prevent or to avoid the

icing problem rather than trying to control it Presented below

are methods available for avoiding aufeis problems and alterna

tively methods available for controlling aufeis occurrences

where unavoidable

The primary singular design alternative for problematic streams

is the use of pipe insulation to limit frost bulb size and there

fore reduce groundwater blockage and diversion As indicated in

Sections 30 and 40 inches of pipe insulation significantly

reduces the thermal effects of the chilled pipeline and reduces

the growth of the frost bulb The procedures described in the

preceding subsections and shown graphically in Figure 5-1 will be t/

used to assess the acceptibility of the insulation in minimizing

the chilled pipe effects Final selection of the insulation

thickness and thermal properties will depend on these analyses in

conjunction with other project studies on frost heave design

thaw mitigative design insulation materials testing and con
structibility

If pipe insulation is assessed to be inadequate for minimizing

the chilled pipe effects then the following additional alterna

tives will be evaluated

Use of deeper burial to move the pipeline out of the

groundwater flow field or reduce blockage

Increase in the transmissive properties of the ditch

backfill to accommodate the flow

Installation of subsurface drains to transmit the inter

rupted flow past the pipeline

Use of an aerial crossing to avoid the problem and

Reroute of the pipeline to less problematic area

Figure 59 shows three scenarios in which deeper burial of the

pipeline may effectively reduce the blockage of groundwater flow

Streams underlain by permafrost or bedrock at shallow depths or

at which the hydraulic conductivity of the underlying soil de
creases with depth may be considered for application of this

design solution The cost effectiveiiess and constructibility of

this alternative will be evaluated with other possible solutions
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Another design alternative involves backfilling the ditch with

materials that increase the effective transmissivity of the area

around the pipeline The required hydraulic conductivity of the

ditch backfill material can be calculated as shown in Figure

5-10 This solution may be effective if the hydraulic conductiv-

ity of the ditch backfill material does not have to be signifi

cantly higher than the native soil to accommodate the groundwater

flow affected by the chilled pipeline structure In addition

select backfill materials would have to be readily available and

of reasonable cost

design alternative that may be evaluated for problematic stream

crossings especially those exhibiting historic aufeis occurren

ces indicating groundwater discharge flow component is the

use of subsurface drainage system This method involves the

installation of perforated drain pipes perpendicular to the pipe

ditch and parallel with the stream flow to increase the ground
water transmissivity above the pipe thereby minimizing the

interruption to the lateral component of groundwater flow

The number of pipe drains to be installed depends upon the extent

of the saturated areas and the drain spacing The drain spacing

may be determined using numerical modeling techniques As shown

in Figure 5-1 the groundwater flow blocked by the chilled pipe
line has to be accommodated by the pipe drain The drain spacing

that will be used is determined by the radius of influence below

the pipe drain The radius of influence is the distance from the

center of the pipe drain measured vertically down to the zone of

groundwater flow unaffected by the pipe drain The lateral spac

ing between drains will be twice this distance Specific con

figurations will be developed for those streams where drain pipes

are to be used

The evaluation of an aerial crossing or minor reroute is de

pendent on cost and constructibility considerations in conjunc
tion with overall design requirement Use of either of these

solutions would depend on sitespecific conditions and may be the

only viable design alternative at some stream crossing locations

In those areas where aufeis is anticipated to develop or unfore

seen circumstances result in the development of aufeis during

operation number of icing control methods are available

These include

Steaming This may be employed to melt an aufeis buildup on

periodic basis to prevent the icing from growing too large such

as to pose hazard to the adjacent facilities

Hessian cloth dams This method may be used to control the loca

tion of the icing The cloth is stretched across the path of

water flow in order to intercept the flow and start an icing
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buildup at the cloth As water accumulates at the cloth and

freezes an ice dam is generated resulting in buildup of ice

from the cloth in the upstream direction This control measure

is useful in preventing aufeis encroachment upon nearby facili

ties This method may also be used to control the buildup of the

ice so that more uniform buildup is created allowing faster

thaw in the spring

Frost belts Controlled discharge of groundwater may be provided

by frost belts These zones may be constructed in some areas by

building snow fences which cause pile up of snow on one side

and significantly reduce the accumulation of snow on the other

side Where the snow is thin or absent freezing will occur to

depths sufficient to cause subsurface ice dam This dam will

redirect groundwater flow to the surface at selected areas where

aufeis formation will not adversely impact the environment or

adjacent facilities

Subsurface Drainage The location of aufeis development may be

controlled by installing subsurface pipe drains These drains

could be used to keep groundwater flow from surfacing at unde

sirable locations and directing the discharge to less sensitive

areas

Surface Drai In areas of historic aufeis development or

where aufeis is anticipated to develop various surface drainage

control measures may be implemented These measures are selected

to control the erosive effects of flood flow over aufeis accumu

lations The measures include upgrading drainage structures use

of perched culverts providing heating capabilities for drainage

structures and upgrading or constructing protective measures to

limit erosion

Each of these aufeis control measures will be evaluated on site

specific basis In some cases the control measure may be incorp

orated into the design and in other cases the site may be ident

ified as potentially problematic area that is to be monitored

for aufeis occurrence so that corrective measures can be applied

in timely manner
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TABLE 3-3

FROST BULB GROWTH BELOW BOTTOM OF PIPE

FROST BULB DEPTH ADDITIONAL

RUN NO RUN DESCRIPTION BY END OF YEAR ANALYSES

With 12 Surface Water Depth

JVO112 Cover No Insulation 20.90 Feet

JVO12O Cover Insulation 2.35 Feet 3.6O/Yr 10 JV0133

JVO114 Cover Insulation 0.43 Feet O.65/Yr 10 JV0132

JVO17O Cover Insulation 2.49 Feet 4.1l/Yr JV0221

JV 0168 Cover Insulation 0.49 Feet

With No Surface Water

JVO31O Cover Insulation 2.14 Feet

JV0295 Cover Insulation 3.99 Feet

CHOLLED PIPE EFFECTS ON STREAMS
Page

129



TABLE 34

FREEZE AND THAW DATES FOR STREAM BOTTOM DIRECTLY ABOVE PIPE

RUN NO RUN DESCRIPTION FREEZE DATE THAW DATE

NON-PERMAFROST ENVIRONMENT 12 SURFACE WATER

Jv0107 Control No Pipe Day 1652 Day 1797

JvOll2 Cover No Insulation 1570 82 Days 1820 23 days

earlier later

3V0120 4U Cover Insulation 1646 Days 1798 day

earlier later

JVO114 Cover Insulation 1647 Days 1798 day

earlier later

JVO17O Cover Insulation 1647 Days 1797

earlier

JV0l68 Cover Insulation 1648 Days 1797

earlier

PERMAFROST ENVIRONMENT 12 SURFACE WATER

JV0290 Control No Pipe 1623 1798

JVO291 Cover Insulation 1623 1800 days

later

JV0292 Cover Insulation 1625 days 1800 days

later later

Values in parentheses denote the deviation from the control run

Dates are derived from straight line interpolation between data points

of 32F isotherm depth vs time plots of EPR output 5th year

CH LED PUE EFFECTS ON STREAMS ReL 48 129
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TABLE 5-2

PHYSICAL CHARACTERISTICS TO BE EVALUATED FOR

DEVELOPING GENERIC STREAM REPRESENTATIVE OF CATEGORY

CLIMATIC INPUT

Solar Radiation

Air Temperature

Wind Speed

Evaporation Rate

Snow Depth

Snow Thermal Conductivity

Cloud Cover

Surface Properties

Surface solar absorptivity

Snow solar absorptivity

Surface longwave emissivity

Snow longwave emissivity

Surface roughness

Snow roughness

PIPELINE INPUT

Ditch Configuration

Pipeline Operating Temperature

Insulation Thickness

Ditch Backfill

GEOTHERMAL INPUT

Boundary Conditions

Initial Temperatures

Thermal ConductiVities

Heat Capacities

Latent Heats
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Table 52 continued

HYDROGEOLOGICAL INPUT

Boundary Conditions recharge discharge lateral flow

Hydraulic Conductivity homogeneity

Specific Storage

Porosity

Aquifer Thickness

Stream Variables

Depth

Discharge

Temperature

REGION GEOMETRY

Location of boundaries

Spatial distribution of geothermal and hydrogeological

properties
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MATROX OF GEOTHERMAL SOMULATOONS

SURFACE PPEUNLE NSULATOON

ENVifiONMENT
WATER BURIiAL THOCKNESS RUN

RUN

DEPTH DEPTH ONCHES NUMBER
NUMBER

ONCHES FEET RESTART

NO PIPE JV 0107

JVO112

12 JVO12O JV0133

JVO114 JV0132

NONPERMAFROST _________ _________ _________ _________

JV0170 JV0221

JV0168

NO PIPE JV 0293

JVO31O

JV0295

NOPOPE JV0290

12 JV0291

JV0292

PERMAFROST __________

NO PIPE JV 0289

JV0307

JVO3OB

NOTES

ALL RUNSARE5 YEAR SIMULATIONS

ALL RUNS ARE BASED ON TURA TED GRA VEL NATIVE SOIL

AND SATURATED GRANULAR BACKFILL

FOGURE 31
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GRD FOOT SURFACE WATER FOOT COVER NCH ONSULATON

qcq tq
FEET _____

____ AFACEW TER _____ ____ ____ _____

2.2 22 ___ ___ ____ ___ ____ ___ ___ ____
2.6 21

--

3.0 20 DOTCH
3.5 19 BACKFOLLç

_____ ______
4.0 18

4.5 17

5.0 16

6.8214 _______
8.02 12 _____ _____ _______ ______ ______ ______ _____ ______

POPE AND ONSULATON

9.17 11

9.8310 ____ ___ ____ ___ ___ ____
10.33

11.0

12.0 ____ ____ _______ ______ ______ ______ _____ ______

NATOVE SOOL

13.5

16.0
___ ___ ____ ____ ____ ____ ___

20.0

26.0

35.0

45.0

AGURE 3-2
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320 OSOTHERM PLOT FOR EP.R RUN JV 0107

WATER

l0

12

13 _____ ________ ______________ ______________ ______________

14

15

16 _____ _______ ____________ ____________ _______

17

18 __ ___ _____ _____ _____
19

cI _________
20

JULY TIME YEARS

NONPEAMAFROST ENVIRONMENT BELOW 32F

12 INCHES POOLED SURFACE WATER

CONTROL RUN NO PIPE

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.4F AT 9.83 DEPTH

SATURATED GRAVEL NATIVE SOIL

RGURE
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32F OSOTHERM PLOT FOR E.P.R RUN JV0112

WATER

-- --
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y....
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12F

II

11 9-.l II i4.4.iiii .11.1

12 II4.i...

13 1i.4. LI HI .01

14 r.. .I .L.lt.ILf

15 irr1 .i ii fl IlL

16 i.j 4k. .2 .WlL4 43

17 .1 L.LI

18 L.LLl .1 II

19 Ii 33 lLl lllI .1.1 L.Ul .4

20
.H.lL

JULY TIME YEARS

NONPERMAFROST ENVIRONMENT

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH
BELOW 32

UNINSULATED PIPE

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.4 AT 9.83 DEPTH

SATURATED GRAVEL NATIVE SOIL NOTE FROST DEPTH EXTENDS To

SATURATED GRANULAR BACKFILL 30 FT.ATEND OF YEAR

27 FT BELOWPIPE BOTTOM

RGURE 3-4
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320 ISOTHERM PLOT FOR E.P.R RUN JV 0120

WATER
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----.---
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I..
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cnl ____________________ __________

20
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12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.4 AT 9.83 DEPTH

SATU RATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

flGURE 3-5
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0114

WATER
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LU
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______ ______
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14

15
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16
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I_I

19

20

JULY TIME YEARS

NONPERMAFROST ENVIRONMENT
BELOW 320

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH POPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.4F AT 9.83 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FIGURE 3-6
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0170

WATER

14

15
_____ ________ ______________

16

17

18_ ______

19

cI

20

JULY TIME YEARS

NONPERMAFROST ENVIRONMENT
BELOW 32

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.4 AT 9.83 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FIGURE 3-7
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0168

1WATER

__ L__ LL_JL
10 _t111 .1

till
V/E

Ii .1.1 .. ii ii

12 .. ... it ...

13
.ii ii

14

15

16 ____ _____ _________ _________ ---
17

19

20

JULY TOME YEARS

NONPERMAFROST ENVORONMENT BELOW 32F

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH POPE INSULATION

GAS OPERATING TEMP 15F

INOTOAL ANNUAL AVERAGE SOOL

TEMP 34.4 AT 9.83 DEPTH

SATURATED GRAVEL NATOVE SOOL

SATURATED GRANULAR BACKFILL

FilGURE 3-8
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32 OSOTHERM PLOT FOR E.P.R RUN JV 0293

_______ _______ _______
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___

12

13

14
___________

15

16
--

17 _____ ________ ______________ _______________ ______________ ____________

18 ____ _____ _________ __________ _________

19

20

JULY TIME YEARS

NONPERMAFROST ENVIRONMENT BELOW 32F

NO SURFACE WATER

CONTROL RUN-NO POPE

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.5F AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

FOGURE 3-9
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32 OSOTHERM PLOT FOR E.P.R RUN JV0310

I__
JULY TIME YEARS

NONPERMAFROST ENVIRONMENT
BELOW 32F

NO SURFACE WATER
FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.5 AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATU RATED GRANULAR BACKFILL

FiGURE 3-10
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32 ISOTHERM PLOT FOR E.P.R RUN JV O295

UI II
UI

10
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12 _L...

13
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15
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19

cnl

20

JULY TIME YEARS

NONPERMAFROST ENVIRONMENT BELOW 32F

NO SURFACE WATER
FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 34.5F AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FGURE 3-11
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0290

WATER

1%

16

17 f.._ .. .... .. II

18L19

20

JULY TIME YEARS

PERMAFROST ENVIRONMENT BELOW 32F

12 INCHES POOLED SURFACE WATER

CONTROL RUN NO PPE

INITIAL ANNUAL AVERAGE SOIL

TEMP 31.0F AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

FIGURE 3-12
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0291

WATER

.. ...

10 no. .10 11.1... II Li. 4l4

Ui .O.__
LI .1 LI MO .1

12 .1111.1 ..l...
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14 .1 .111..

15 .in .111
Il II I.. .11 II

.. .11 11
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18 .PI../lO P.0 .4 1.. LII
p.-

19 41 III LlflhPO..P...I. .4

20
JULY TIME YEARS

PERMAFROST ENVIRONMENT BELOW 32

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 31.0F AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FIGURE 3-13
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32 OSOTHERM PLOT FOR E.P.R RUN JV 0292

WATER

________________________

10

14

15 ii il..lA .1 .1
Ii

16 ii .i iI.j...I..i

17 ..... Ii.... ii

18 .. .. .. i.. ... ....... ..
19 .nrt..v pi pppr pp. nI

20 .5

JULY TIME YEARS

PERMAFROST ENVIRONMENT BELOW 32F

12 INCHES POOLED SURFACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 31 .0F AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FGURE -14
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32 ISOTHERM PLOT FOR E.P.R RUN JV 0289

v-i v--

_______ _______ ______

10 ..

11 n.j
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13
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14
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20
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CONTROL RUN NO PIPE
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TEMP 30.4F AT 9.17 DEPTH

SATU RATED GRAVEL NATIVE SOtL

RGURE 3-15
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32F tSOTHERM PLOT FOR E.P.R RUN JV 0307

I---
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.3 III .l

ciI

20

JULY TIME YEARS

PERMAFROST ENVIRONMENT BELOW 32F

NO SURFACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 30.4 AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FIGURE 3- 16
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320 ISOTHERM PLOT FOR E.P.R RUN JV 0308

.HH .H.L. hH.44U .H II UHI ..

10 H.. fl .. Sri VSH H. ...I II

.i ..II..I. .... I...l .I. ..Vli
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18 .4 .5

.4 ..l ....-.-44..L..
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20
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PERMAFROSTENVRONMENT BELOW32F

NO SUR FACE WATER

FOOT COVER DEPTH

INCH PIPE INSULATION

GAS OPERATING TEMP 15F

INITIAL ANNUAL AVERAGE SOIL

TEMP 30.4 AT 9.17 DEPTH

SATURATED GRAVEL NATIVE SOIL

SATURATED GRANULAR BACKFILL

FOGURE 3-17
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POR FLOWF GRID AROUND THE PPELGNE

X-OItAP1SION FT

26 ____ 45.5

25 _____ 44.5

24
43.5

23
42.8

22
42.3

21
41.6

20
40.9

39.7

392

38.2

14 __-_____-____ 37.5

13 ___ 36.8

12 ____ 36.3

II

35.8LJ ____
10 ___ 35.3

34.8

34.2

33.0

10 II 12 13 14 IS 16 Il 18 19 20 21 22 23 24 25 26 27 28 29

X-NODE NuMBERS

5INSULATION APPROXIMATION

9BARE PIPE APPROXIMATION

URE42
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ZONES USED TO DEANE GEOTHERMAL AND HYDROGEOLOGOCAL PROPERTOES

ZONE fl

ZONE ZONE

ZONE P/

ZONE

ZONE FNATVE SOOL

ZONE STREAM

ZONE HODTCH BACKFiLL

ZONE V- PIPE ONSULATOON

ZONE VCENTER OF APE

FiGURE 4-3
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SURFACE WATER DEPTH VAR ATON
TEMPERATURE VARATON AT 0.5 FT BELOW THE WATER BODY
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FOGURE 4-

CHOLLED POPE EFFECTS ON STREAMS Rev.. Pog
87

of
129



SURFACE WATER.DEPTH VARATON
TEMPERATURE VARATON AT 2.4 FT BELOW THE WATER BODY
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SURFACE WATER DEPTH VAR OATOON

TEMPERATURE VAROATOON AT 9.8 FT BELOW THE WATER BODY
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SURFACE WATER DEPTH VAR ATON
ANNUAL TEMPERATURE VARATON
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SURFACE WATER DEPTH VAR OATOON

VAR OATOON ON MAXOMUM FREEZE DEPTHS
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TEMPERATURE AND OCE CONTENT PLOTS FOR ONSULATED

PPELflNE OPERATON BENEATH COLD STREAM

COLD STA FLOW TEMPERATUIqE

LOCATIO WNOG3 STATIC GROUND WATER CONDITIONS

GA TEPERATUflE
CILCULA IPdULATIO

2.43

rEMPERTUR fIP4 .O YRS Uj60.O JUL Il IUVCC0N

__________________________________________

FROZENj2 ______

ICE CNTENT tIME 4.0 YRS 14b0.0 JUL 1IMUVCGONI

HGURE4-
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TEMPERATURE AND CE CONTENT PLOTS FOR ONSULATED

PPELONE OPERATON BENEATH WARM STREAM

SCALE
LOCATION WINDOWS WARM SThEAW FLOW TEMPERATURES

0.5 150 0.S STATIC GROUND WATER CONDITIONS

GS TEW.ERATURE ISF
CIRcULAR INSULATION

30 .00 ISO -40

E1IqTJRF iii 4.rl YRS tt16O.9 JUL cUVROYR

L_

CE NE4T JM R5 J4bO.J JUL UVK0RJ

FOGURE 4- 18
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TEMPERATURE OCE CONTENT HVDRAUUC HEAD AND GROUNDWATER VECTOR PLOTS FOR RARE

POPE OPERATOON GROUNDWATER RECHARGE AREA CONTOUR INTERVALS ARE VAROABLE

GAO TENP0RATUE
RECHARGO RATE 1.0

QARE PIPELINE OPERATION

INCONING GCUNO-NATER TEERATUNE

LOCATION OP NINDC

20-
0.0

120 .0.0

20.- 40 120- 40

TEIPERRTURE TIHE 4.0 IRS 460.0 JUL KUVKEORI

OS0

ICE COWIENT TINE 4.0 IRS 1460.0 JUL 1IRUVREOR

LiE

TOTAL HERO TINE 4.0 IRS 1460.0 JUL IHNUVREOR

GROUNO-URTER FLOW VECTORS TIMEr 4.0 IRS 1460.0 JUL KUVKEOR
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TEMPERATURE CE CONTENT HVDRAUUC HEAD AND GROUNDWATER VECTOR PLOTS FOR BARE

PIIPE OPERATON GROUNDWATER DSCHARGE AREA CONTOUR NTERVALS ARE VARABLE

n-- OAT
LAT

TI .O II4.O Icguv2C7

ICE CNTEW1 111E 4O YS tl4OO JUl flUWV2AC7

TIRE .0 Y5 460.00 JUL lUWVZC7

____
GR6u40-WATE FLOM YECTR5 T1eE 4.0 Y5 1460.00 JUL 1UUV2RC7

S-QP
AGURE4-23
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LATERAL FLOW
TEMPERATURE VARATOON

AT 0.5 FEET BELOW THE BASE OF THE SURFACE WATER BODY

100 FEET FROM UPSTREAM BOUNDARY

NCOMNG GROUND-WATER TEMPERATURE 33F

JULY --JAN
AUG

SEPT MAR

OCT APR

NOV MAY

DEC ..____ JUNE

55

50

45
-.- _____ _____ _____ _____ _____

____

-.--

40

--..

-.-

.-- .- _____

I1I III I._

25
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

LATERAL FLOW FT/FT2-d

AGURE 4-24
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LATERAL FLOW

TEMPERATURE VARATION AT 2.4 FEET BELOW THE BASE OF THE SURFACE WATER BODY

100 FEET FROM UPSTREAM BOUNDARY
NCOMNG GROUNDWATER TEMPERATURE 33F

JULY JAN

AUG FEB

SEPT MAR

OCT APR

Nov MAY

DEC JUNE

___ ___ ___ ___ ___ ___ ___ ___ ___
i...

........

.--------
.--

______.--- ---- ___ ___
-.-.-

_____ ______ ______ ______
.- ______ ______ _____

30
0.0 0.8 1.0 1.8 2.0 2.5 3.0 3.5 4.0 4.5 5.0

LATERAL FLOW FT3/FT2-d

AGURE 4.25
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LATERAL FLOW

TEMPERATURE VAR OATOON AT 9.8 FEET BELOW THE BASE OF THE SURFACE WATER BODY

100 FEET FROM UPSTREAM BOUNDARY
flNCOMNG GROUNDWATER TEMPERATURE 33F

JULY JAN

AUG FEG

SEPT MAR

____ ____- OCT APR

NOV -- MAY

DEC JUNE

40

___ ____ ___ ___ ___ ___ ___ ___-.
----.--

____
L... --- ____ ____

____

3C

25

0.0 0.5 1.0 L5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

LATERAL FLOW FT3/FT2-d

FGURE 4- 26
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TEMPERATURE OCE CONTENT HYDRAULOC HEAD AND GROUNDWATER FLOW VECTORS FOR I8ARE

POPE OPERATOON ON LATERAL FLOW AREA GROUNDWATER FLOW FT3/FT2 -d

CONTOUR ONTERVALS ARE VAROABLE.-
LAThAL aOu4D-wAT PLQ

.OCATG tIPDO

__________

rMpERATuRE 1MEz 4.0 Y5 1460.0 JUL KUVYR77

CE CaNTENT rINE 4.0 YRS t1460.0 JUL 11 RUVYR77
__________

TOTRL HERO T1ME 4.0 YRS 460.0 JUL HIUVTR771

TaTRL HERO TME 4.0 YRS 460.0 JUL IHIcUVYR77I
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TEMPERATURE OCE CONTENT HYDRAULOC HEAD AND GROUNDWATER FLOW VECTORS FOR

NSULATED POPE OPERATOON ON LATERAL GROUNDWATER FLOW AREA

GROUNDWATER FLOW FT3/FT2 CONTOUR ONTERVALS ARE VAR OABLE

--i .____ 19

INcOUPG GROUD.ATEM T5ATU45 33
GAJS TEMPEATUE

CICULA4 INSULATIGI

LATEALGOUND-ATE pLc-1.O PT/T2-d

LOCATION WNDG5
35.- 0.5 155.- 0.5

Jr

45 155.- 45

rEMPERqTURE NMEr 4.0 YRS 1460.0 JUL Il KUVL0JI

iCE C64TEIT rIME 4.0 YRS It40.0 JUL IHIftJVP4LOJJ
______

r5rL MERO NME 4.0 YRS lJ40.0 JUL Ii IRUML0JI
___________________________

____

GRSUNO4RTEP FLSW VECT@R5 lIME 4.0 YRS 1460.0 JUL 1JIKUVIILOJI
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TEMPERATURE 8CE CONTENT HYDRAUUC HEAD AND GROUNDWATER FLOW VECTORS FOR

NSULATED MPE OPERATON LATERAL GROUNDWATER FLOW AREA

GROUNDWATER FLOW 01 FT3/FT2 CONTOUR NTERVALS ARE VARABLE

--
TATUTATUULA INSULATG

LAThgAL DATh @i

LATGI4

fL1

TPERflTU fIRE .O iq6oo JUL 1UY5

ICE CTEPT TI4E T5 1460.00 JUL 1IWYTflSZ

TOTAL HERO rIIE 4.0 RS 1460.1 JUt IIUVYA5Z

GPOUNOWATER FLOI4 VECTOS T1HE 4.0 YRS 1460 JUL 1UUVYRSfl

FGURE 4- 29

CULLEDPPE EFFECTS ON STREAMS RevL.Pag0 112 of 129



TEMPERATURE OCE CONTENT AND GROUNDWATER FLOW VECTOR PLOTS FOR

ONSULATED POPE OPERATON ON LATERAL GROUNDWATER FLOW AREA

GROUNDWATER FLOW 1.0 FT.3/FT.2 GROUNDWATER TEMPERATURE 40

IPCOMING GROUNO WATER TEMPERATURE 40F
GA TEMPERATURE

CIRCULAR PIPE INSULATION

SCALE
LOCATION OF r400WS LATERAL PLOW RATE 1.0 FT2/FT2

20 -0.5 41 -0.0

40 100 -40

ru1E 4.n YRS 1460fl JUL 1j iINLK6I

iCE .ENTE4i riME 4.0 YRS 1460.0 JUL II JJWLK6iI

GREUN0-1TER FLEW ECTERS r1ME 4.0 YRS 1460.0 JUL ii JINLR6L

RGURE4-30
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TEMPERATURE CE CONTENT HVDRAUUC HEAD AND GROUNDWATER FLOW VECTORS FOR

UNDSTURBED CONDTON HYDRAULiC CONDUCTVOTY NCREASES WTH DEPTH

CONTOUR NTERVALS ARE VARABLE
4c

PT cAT8 t2.I

12 TI

Ia.

T4RRTUE T1I LO YS l4O.O iU iiUvrJ

i_PAThLLY

ic CNTEP4T TI rrs 11G0.O JUL tIUVJI

TI2TRL IIfco TIM YS 1460.0 JUL 11uUvyq6Jl

GP0UN0-4ATER FLEW VECTORS TIlE 4.11 TC 1460 JUL 1RUVYR6JIGURE4.3iiii
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TEMPERATURE CE CONTENT AND HYDRAUUC HEAD PLOTS FOR UNDSTURBED cONDTONS

HVDRAUUC CONDUCTVTY NCREASES WITH DEPTH CONTOUR NTERVALS ARE VARABLE

_______

icci TAT
PT

JAJI

TEPRgTUE TflE .O 1R 1D2L1 JtLt UVIfl

____________________________ LY

1C CINTET TIZ S.O TS UO2 JLL WUVKO3

TEWRTUR TIMC 4.25 CR5 1551.3 CT 1KUVi3R

TTRL HERO TPIC 4.25 YRS 1551.3 CT 11IUV03R

FGURE4-32
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TEMPERATURE CE CONTENT HYDRAULOC HEAD AND GROUNDWATER FLOW VECTORS FOR

NSULATED PPE OPERA11ON HYDRAULiC CONDUCTOVTY DECREASES WTH DEPTH

CONTOUR NTERVALS ARE VARABLE
---. .....---

._--

INGGRoD.WATETETU
20 T/d GROUND-ATEM LO

NO Gr4OuomATEll

NO
GAS TEMPEflATUR 1S

CIRCULAR NSULATIO

ICMPERRTURE tjHE 4.0 YRS t46O.O JUL IIIKUVNCR3J

iCE CENENI rIME 4.0 YRS 1460.0 JUL II MUNCR3I

LHH1HW
TEIRL HERO FjME 4.0 YRS 1460.0 JUL IIIUYNC3I

GREUND-WRIEM FLEW VECTERS fillEr 4.0 YRS 1460.0 JUL KUVNGR3
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TEMPERATURE CE CONTENT HYDRAULiC HEAD AND GROUNDWATER FLOW VECTORS FOR

UNDSTURBED COND ONS HYDRAULiC CONDUCT VTY DECREASES DOWNSTREAM

CONTOUR NTERVALS ARE VARABLE

iru

1-OJ

1EETU TIt 4.0 Y3 U460.O JUt IUVY3

C4TE.N1 4.0 YR5 ti40.O JUL flUVYR8

TTRL HEIO TIP1E 4.0 YRS 1460.0 JUL 1HtUVYR6

GROUNO-WATER FLO4 YECT6RS T11 4.0 YRS 1460 JUL I1RUVYR6N
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DESOGN LOGCDAGRAM

DESIGN CRITERIA

PRELIMINARY ASSESSMENT

AND DESIGN APPROACH

EPR THERMAL COMPUTER ANALYSIS FLOW SENSITIVITY ANALy

ORFLOW INVESTIGATIVE ANALYSI STREAM CROSSING LIST

LEVEL ANALYSIS OF
DESIGN DATA

ALL STREAM CROSSINGS _________________________

NO /S CROSSING PROBLEMATIC

ENVIRONMENTAL CONCERNS

.WITI4OUT NOMINAL INSULATION

IVES .-.IADJACENT
FACILITY CONCERNSI

LEVEL iANALYSIS OF _______________________
REMAINING STREAM CROSSINGS

GEOTHERMAL CONCERNS

NQ/IS CROSSING PROS
LEMATIC\WITHOUT NOMINAL INSULATION

$YES

NOJiiCROSSING PROBLEMATIC
WITH NOMINAL INSULATION

YES

STREAM CATEGORIZATION
PROCESS

LEVEL AANALYSISOF
REMAINING STREAM CROSSINGS

GENERIC COMPUTER SIMULATION

_________ NQ/IjCROSSING PROBLEMATIC

\ITHOUT NOMINAL INSULATION/
YES

NO ISCROSSING PROBLEMATIC
WITH NOMINAL INSULATIO7

YES

LEVEL 1U.BANALYSISOF
STREAM CROSSINGS

ISITE UTER ANALYSISj

NO IS CROSSING PROBLEMATIC

ITHOUT NOMINAL INSULATION

YES

NP/iICROSSING PROBLEMATIC
WITH NOMINAL INSULATION

YES

ANALYSIS OR ASSESSMENT WITH

DESIGN ALTERNATIVES
ICOMPATIBILITY WITH GEOTHERMAL

DESIGN FOR FROST HEAVE AND

ECTION OF DESIGN MOD
THAW SETTLEMENT

_____ _____ _____ _____ _____
ISUJl 11 NOMINAL rM1N ROUTE AERIALIRSUL WITH INSUL WITH SPECIAL

INSULATION
IRSULATION MODIFIED SURFACE -iHERMAL

WITH DEEPER SU8S
DRAINAGEJ DESIGN AIDJUSTMENj

CROSSING
PIPE

THICKNESS GURIAL DRAINAGE PROTECTION
____________

RGURE5-
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DESOGN CHART USED FOR COMPUTONG POTENTOAL GROUND-WATER FLOW TO

THE SURFACE RESULTONG FROM CHOLLED POPE EFFECTS

100

__ __ __
70

___ ___ ___ ___ ___ ___60

10 20 30 40 50 60 70

GROUND WATER DISCHARGED TO SURFACE

FT3/d PER FOOT WIDTH OF AQL.HFER

NOTE VALUES WERE PRODUCED USING PORFIOW-

FO GU RE 5-2
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WATER TABLE PROALES ON SLOPNG BARR OERS FOR

0.05 j_ 0.25

KSb2
0.26

0.24

0.22

020 __
0.18

0.16

__0.12
0.06

____
.- 0.05 ____

0.04

0.02

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

AGURE5-3A

WATER TABLE PROFLES ON SLOPING BARRIERS FOR

0.25 J_ 1.25

KSb2

1.2
..z

1.0
____

.GO

0.8
____

06 ---
0.4

0.2 ..

.0

HGURE5-3B
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CROSS SECTOONAL PROFOLE USED FOR COMPUTING

STEADY STATE WATER TABLE LOCATON

-EDGE OF AREA WHERE

Dbl
NFLTRATON REGOON BEGNS

LAND SURFACE SLOPE

MAXIMUM PROBABLE INFILTRATION

OVER AREA

COMPUTED STEADY STATE

WATER TABLE

ELEVATION

OR

DEPTH BASEOF

SLOPE

Db2

L-SLOPEDSTANCE

FGURE -4
_____
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EXAMPLES OF NATURALLY OCCURRONG GROUNDWATER DOSCHARGE

ON ARCTOC AND SUBARCTC REGOONS OF ALASKA

ABRUPT CHANGE HYDRAULOC GRADOENT DUE TO

CHANGE TOPOGRAPHY

K7

K2

OMPERMEABLE K2

DSCHARGE DUE TO AN ABRUPT CHANGE HYDRAULIC

CONDUCTOVOTY

GROUND WATER DISCHARGE BY NATURAL GRAVTV FLOW

OF GROUND WATER

HGURE
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DEEPER BURAL DESGN SOLUTONS FOR MOVNG POPELNE

OUT OF PRMARY GROUND WATER FLOW F8ELDS

WA TE SIR EAMB

MPE LOCATED DEEPER JNTO PERMAFROST AND OUT OF THE

GROUND WATER FLOW FOELD FREEZE BULB HEOGHT WOLL

NOT EXCEED HEOGHT OF PERMAFROST TABLE

STREAM

GROUND.WATEF
PERMEABLE

STREAMBED

COMPETENT BEDROCK

BACKFOLL

POPE LOCATED DEEPER ONTO COMPETENT BEDROCK AND OUT

OF GROUND.WATER FLOW FOELD FREEZE BULB HEOGHTWOLL

NOT EXCEED HEOGHT TO TOP OF COMPETENT BEDROCK

STREAM

POPE LOCATED DEEPER ONTO UMT WHOCH HAS LOWER

HYDRAULIC CONDUCTIVTY VALUE THAN UNITS AND

FREEZE BULB WILL NOT EXCEED VERTICAL DIMENSIONS

OF UNIT

RGURE
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DETERMONATOON OF DTCH BACKFLL MATERAL HYDRAUUC CONDUCT WOTY

STREAM

GROUNDTERFLowTK1

THE TRANSMSSWOTV ACROSS THE DITCH ZONE CAN BE MMNTMNED
EQUAL TO THAT UPSTREAM AND DOWNSTREAM

aK1 a-c K2

SUCHTHAT K2K13a-c
WHERE K1 THE HVDRAUUC CONDUCTOVOTV OF THE NATOVE

POROUS MEDDA AND

K2 THE HYDRAULOC CONDUCTOVTY OF THE DOTCH

BACKALL MATER OAL

HGURE 10
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NSTALLATON OF SUBSURFACE POPE DRAONS FOR ACCOMMODATING

GROUND WATER FLOW AROUND THE CHOLLED PPEUNE

GROUND WATER FLOW NOT AFFECTED
FLOW LONE

IfI /1I

RADOUS OF ONFLUENCE OF POPE DRAON

RGURE 5-11
.-. -----
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NORTHWEST ALASKAN PIPELINE COMPANY
3333 Michelson Dr

Irvine California 92730

714975-6007

503.0
GOA82-2226

December 30 1982

BUSINESS Information for Federal Government
purposes in accordance with 10 CFR 1504 F.R
VoL 46 No 240 December 15 1981 pages
61222 thru 61234

Mr Black
Director Office of Engineering
Office of the Federal Inspector
2222 Martin
Irvine CA 92715

Subject Transmittal of Chilled Pipe Effects

Dear Mr Black

Enclosed is the following confidential/proprietary document
identified in our Key Activity Checklist Revision No0 dated
November 30 1982 as Item No 54

Chilled Pipe Effects on Streams December 30 1982 Rev

The enclosed information is considered confidential/proprietary
by Northwest Alaskan Pipeline Company and remains the property of ------

Alaskan Northwest Natur1 Gas Transportation Company partner
ship The petition attached to this letter requests OFI to
consider this material BUSINESS information pursuant to 1OCFR
Part 1504 All rights are reserved to the enclosed work and
unauthorized reproduction is prohibited This material is pro
tected as an unpublished work under the Copyright Law of the
United States 17 USC 101 et

Very trulY
COMPANY

iMai/ager Regulatory
ar1 Governmental Affairs

GPW/wpc
Enclosures copies 1ior
cc Hengerer OFI Washington D.C w/enclosure

Ott SPO Fairbanks w/2 copies of enclosure
McPhail Alyeska Houston w/l copie of enclosure
Fisher Alyeska Anchorage w/2 copies of enclosure

U5ODAV OF P4ORT$w7 LNIGY COMPANY



Enclosure to Northwest Alaskan Pipeline Company
Letter GOA822226 of December 30 1982 to
Mr Black

PETITION FOR BUSINESS DESIGNATION
SUB-IITTED TO OFI PURSUANT TO 10 CFR PART 1504

The information contained in the above referenced Northwest
Alaskan Pipeline Company NWA letter qualifies for
UBUSINESSVt designation on the basis that it is confidential
proprietary commercial information the release of which
may substantially impair the competitive position of the
sponsors of the Alaska segment of the Alaska Natural Gas
Transportation System ANGTS NWA has incurred substantial
costs to develop the information involving major expendi
tures including both direct and indirect costs Moreover
the sponsors do not have final unconditional Certificate
of Public Convenience and Necessity from the Federal Energy
Regulatory Commission FERC and the information clearly
would be of substantial value to anyone contemplating the
construction in Alaska or in similar climates and geologic
regimes Even after final FERC certificate has been
obtained the information contained in the document sub
mitted is of such nature that it might be used in third-
party litigation against the sponsors NWA has given
serious consideration to request for SENSITIVE desig
nation and to the recent order from the International Trade
Commission Department of Commerce e.g 15 CFR Parts
385 and 399 published FR Vol 47 No January 13
1982 141 restricting export of technical data related
to gas transmission Although the less restrictive BUSI
NESS designation has-been requested the technology repre
sented by this information clearly should not be disclosed
except as authorized by NWA

II The OFI may contact the following named persons concerning
this petition

Mr Edwin Al Kuhn DirectorGovernmental Affairs
Northwest Alaskan Pipeline Company
1120 20th Street NW

Washington 20036

Phone 202/8720280

Mr William Moses General Counsel
Northwest Alaskan Pipeline Company
3333 Michelson Drive
Irvine California 92730

Phone 714/9754003

Mr George Wuerch Manager-Regulatory and Governmental Affairs
Northwest Alaskan Pipeline Company
3333 Michelson Drive

Irvine California 92730

Phone 714/9756560



bcc LDLegg w/o enclosure
RNHauser w/o enclosure
JEMyrick w/enclosure
WJWatts w/enclosure
MJSotak w/enclosure
EAKuhn w/enclosure
RMlsaacs w/enclosure
DCM Binder w/o enclosure
File w/enclosure
RDM
Project Advisors w/enclosures


