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This paper describes the design and use of deep bench marks by the Di-

vision of Building Research of the National Research Council of Canada'

The bench marks consist of an inner pipe protected by an outer casing from

the effects of seasonal ground movements and frost action. In sensitive

In precise level survey work for engi-

neering constmction, or for assessing

the perfornrance of structures, a reliable

bench mark is essential. A pin installed

in a rock outcrop, on a concrete founda-

tion resting on stable soil, or on piles

driven to bedrock usually constitutes a

satisfactory reference datum. Where,

however, bedrock is covered by a thick

mantle of compressible soil or glacially

deposited materials that are perennially

frozen, it may be difficult to locate a

suitable bench mark. At such times it is

common practice to use a spike driven

into a tree or fencepost, or to use stone

steps, house foundations, survey monu-

ments, fire hydrants, etc. GenerallY,

these have proved unsatisfactory for

long-term precise datunr references in

clay and pernrafrost regions in Canada,

since they are urlnerable to numerous

natural disturbances.

Seasonal shrinking and srvelling of

r Research OfFcer, Soil \[echanics Section'

Division of Building Resesrch, Nrtional l lesearch

Council, Canada.

clay subsoils under grass-covered fields

cause vertical ground movements to

depths of 15 ft or more. Near large elm

trees, Bozozuk and Burn (r)2 have

measured vertical movements varying

from 3 in. at the ground surface to I in.

at a depth of 1-1 ft in Leda clay in Ottawa.

In the Santa Clara Valley in California,

a decline of artesian pressures in aquifers

has caused geodetic bench marks to

settle as much as 9 ft from 1912 to 1959

(2). These bench marks rlere not estab-

lished on bedrock. In areas rvhere

seasonal frost action occurs it is not

uncon'rmon for concrete steps, pavements

and posts to heave several inches during

the rrinter, and in some cases fence posts

have been pushed completely out of the

ground.
Field studies in permafrost areas have

indicated several important factors that

nrust be considered in the establishment

of a reliable datum point. Frost-heave

! The tnldface nunrbers in perentheses refer

to thc list of references appended to this paper.

265
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5 TSff JAStr

Fro. l.-Jacking Equipment for rnstalling Deep Bench Marks in sensitive Marine clav.

forcesin.the active layer are particularly Such movements may occur to depths
critical in those northern areas where where the variation ii temperature i! as
sFasonal freezing and thawing occurs to little as 2 F. Due to the lack of ground

t,f:,,

ltr.t,...:r,

depths of 4 ft or more. Movements caused
by frost action are generally cumulative
and can result in a total heave of several
inches (or even feet) over a nurnber of
years. Significant movements are also
caused by the expansion and contraction
of frozen ground as a result of the annual
variation in ground temperature (3).

temperature data in most northern areas,
a depth of 30 ft is usually assumed.

Surface phenomena and installation
methods can also afiect the stabilitv of
bench marks. Care should be taken when
locating bench marks where patterned
ground phenomena (ice wedge polgons
in particular) and solifluction or slope
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movements are evident, or near potential
thawing influences such as buildings,
roads, and streams. Sometimes drilling
techniques will alter soil conditions so
tlat a bench mark will not "re-fueeze"
after installation. Bench narks. there-

stable material can be used as a bench
nrark. ft must, however, be protected or
be strong enough to resist the forces of
frost heave and the loads imposed on it
from volume changes in the surrounding
soil. Terzaghi 1+) proposed that a steel

4 "  P i p e Coup l ing

Eross  Cop w i lh  Ket  Ho les

Dotum Lere l

N o l e :

The bench mork  cou ld  be
ins fo l led  so  tho l  the  bross
cop is  leve l  r i th  lhe  sur foce
o f  t h e  g r o u n d .

l ' G o l v o n i u e d  t r o n  p i p e

Codnq { Coupted in

4 '_ l ron  P ipe

Annu lor  Spocc
Be lqe t r  P ipes
F i l ied  Vr ' i l h  5AE
8 0  o i l

i o n s  I

rA  GJ lvon ized l ron
Pip€  (Coup led  in

Sec l ions  )

o . lro' to lttz'

ffi
-LN-'?.,",,,,.
V- lP iPecos ins

.  Y { ' S T D  P i p e  T h r e o d

Sreel Foot

Rr fuso l  :  B€drock  d
InconDress ib le  So i  I

fore, must be csnstructed so that they
will not be a"ffected by soil movements,
frost heave, temperature variations,
surface phenomena or other natural
disturbances.

TypBs or BENcE Menrs

A steel rod driven through soft clayey
soil and firmly seated on bedrock or in a

Dr iv ing  Shou lder

T ip  Cut  0 f f

i lo te r io l :  -  Co ld  Ro l led  S lee l

D E T A I T S  O F  S T E E L  F O O T

rod coated w'ith asphalt and wrapped in
oil-soaked waste should be lowered into a
cased borehole and rammed firmly into
the bottom; the casing would then be
removed to allow the soil to fill the
borehole. Asphalt and oil-soaked waste
would protect the steel rod from cor-
rosion and from vertical movements in
the surrounding soil. The Swedish Geo-

Ftc. 2.-Details of a Deep Bench }lark in Sensitive Clay.
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technical Institute's bench t.nark, de-

scribed by Kjelhran ct al (5), is based

on this principle. 
'I'aylor (6) desclibed a

bench mark established in ('anrbriclqe

Dnnp ]ltNcu X'I-rnxs 269

a steel foot clriven to refusal or into a

stablc la1'cr of soil and connected to the

surface rvith an iron pipre protected by a

I)cnnanent oil- l l l lcd casing. A nlore

Frc.3.- Instal l ing a I )eep Bench \ ' Iark in l .acustr inc ( l la l 'u i th a ' I ' ruck-mounter l  Dr i l l  Rig

Equipped u,ith Hydraulic Feed.

in 1927. It consisted of a (>in. steel pipe

filled with concrete and seated in bedrock

120 ft below the surface of the gr:<-rund.

No protection was provided against

movement in the surrounding soil. A

simple, easily installed bench mark was

described by Peckover (7). It consists of

elaboratc bench mark, sunk 250 ft

through clay to chalk during the con-

struction of the "Shell Centre" on

London's South Bank, is described in

Iiagineering Construclion (8). A 6-in

diameter inner pipe supporting the bench

rnark was protected frotn corrosion and
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isolated from the surrounding soil by a
large telescopic casing filled with a
special grease.

Some methods devised to establish
reliable datum points in permafrost areas
have been described by Johnston (o).

enclosed in oil-filled casing and embedded
well into perennially f.razen ground
appear to be reliable after several years
of observation (I3), although no long-
term records of their performance have
been reported. Bench marks have been

Bross Cop ttith xet Holca

Pipe Coupling

t'Ftoor Floflge

Spring Bushing

rri src e.r. pipe

l 'S td  6 .1 -  P ip .

4 's rd  c  t .  P ip .

Air Dry Sond o'

Oher Suitoblr Bocl Fill

NOTE:

Amulor spoce btlre€n

pipes fitlcd rilh SAE

80 gcor oil.

For drloil ot sl.rl

fool tcc Fig. 2

C€sltg Rctroclld

Afl6 Dri$ng

lrr' stointcc

Sfccl Eoll 8rorhg

Irorcd hlo
'ri sto wrargnt
koo Pipc CoplirE

DETAIL OF REFEREI{CE POIITT

Fcfwol

Frc. 4.-Der2ils of Deep Bench MarL. fc Iacustine Clay Areas

This review indicates that datum points
founded on or near tlre ground surface
have moved considerably over relatively
strort periods of time so that they were
rrnsatisfactorl for purposes of vertical
control. Construction of these bench
marks varied from piles of wood or stone
placed on the ground surface (lO) to
concrete piers or pipe placed to depths
of 6 to 8 ft in permafrost (rr,r2). Pipes

installed in both steamed and drilled
holes, but drilling is generally favored
since it creates tle least disturbance to
tle frozen material and cuts the ,,freeze-

back" period to a minimum.
This paper describes the design and

installation techniques for bench marks
used by the Division in performance
studies of engineering foundations. Bas-
ically, they consist of a steel foot seated
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on bedrock or in some other stable ma-

terial and connected to the surface with

an iron pipe protected by an oil-filled

casmg.

BBNcn Maars rN SBNsrrtvB Cravs

Bench rlarks have been instalied to

depths of 95 ft in the sensitive clays

near Ottawa by trvo men in one day

Appendix I, the bench mark can be

driven into the soil manually with a

30-lb drive weight (7), or jacked into the

ground with equipment silnilar to that

developed by the Norwegian Geotech-

nical Inst. (Fig. 1). The matelials and
jacking equipn'rent for the bench n-rark

are listed in Table I, and a sketch of a

completed installation is shorvn in Fig. 2.

Frc. S.-Drilling and Sampling for a Bench
Diamond Drill with Hydraulic Feed.

with relatively simple equipment. The

subsoil is a marine clay common in the

Ottawa-St. Lawrence River valleys that

varies in thickness from a few {eet to

about 200 ft. Generally, they are slightly

overconsolidated, with a natural water

content usually greater than the liquid

limit. Due to their sensitivity, rernolding

reduces them to a fluid consistency with

a shear strength about 1 per cent of

their undisturbed value.

Following the procedure given in

\Iark Installation in a Permafrost fuea Using a

BrNcn Llenrs rN LAcusrRrNE CLAYS

Deep bench marks have been installed

in highly plastic clays on the Canadian

prairies with a drill rig (Fig. 3). The

clays originate from glacial lakes Agassiz

and Regina and range in thickness from

a few feet to 90 ft. 
'fhey 

are medium to

stiff in consistency, rvith sensitivity

ranging between I and 2. Liquid limits

may range as high as 110 Per cent, and

plasticity indexes as high as 80 per cent.

The clays or silty clays are usually
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underlain by glacial till deposits of
varying thicknesses and characteristics.

The procedure decribed in Appendix
II is required for installing a bench mark
using a hydraulic powered drill rig
capable of augering with continuous

occurs to depths greater than 100 ft
and ground temperatures are well below
32 F, bench mark stability is dependent
on adequate anchorage of the datum
pipe in the perennially |rozen ground at
a depth where the rriean annual ground

- f c, I. pipe

Rct6mcc Pdnl

PrDc CddrS

Acfir€ Lrtet I Sg(ng Bushing

AX Hol€ = 2' Dio

f  s t c r e i p c

l.'srd c r eipc

Sood Slwy Bmrfill

SAE 80 oil fl

f,q - Oil l ir lue

Ax Ho l€ .  2 'D ion  -J

t'Sld G I Pip€

?i sro o t. pipe
I

Sond Slrry ao*rr|r.-{

I

lo' sro G t ripe wiltt
Roughcncd Surfocc

Sltcl Fool

ilcrE:

Fd d?foils ol sfael fot ond
rclcrcnct poiol scc Figr 2 ond 4

flight augers with a slow-speed rotation
and thrust. The materials and equip-

ment for this installation are listed in
Table I and the details of the completed
beuch mark are shown in Fig. 4.

Bnrcg Mrnrs rN PERTAFRosT AREAs

In the contjnuous permafiost ?frne of
northern Canada where pernrafrost

SAE 80 Oil or

Uor.oil Mirtur€

t'Pige aenoaed

Afla 0riving

Sleel Fool

temperature is nearly constant. In the
discontinuous zone near the southern

boundary of the permafrost region,
permafrost occurs in scattered patches,

is less than 100 ft thick, and ground

temperatures are near 32 F. Because it is

relatively unstable under these condi-

tions, it is preferable to found the bench

| 
*otn Eclof which

1 AnM| &ound

I zTenoerclqe Vsiotim

l r a -2 r

R?lusol

I. ATICHORAGE Ii l PERIIAFROSI tr - ANCHORAGE BELO$ PERI'AFROST

Frc. 6.-Details of Deep Bench Marks in Permafrost Areas.

z-PiCc 
Cq
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mark in stable material bbneath the
bottom of the perennially frozen ground.

Deep bench marks have been installed
in both the continuous and discontinuous
zones of permafrost. Soil and permafrost
conditions have varied frorn gravels and
stony glacial tills containing extensive
ice segregation and frozen to several
hundred feet (mean annual ground
temperature about 26 F) to fine-grained
varved soils containing appreciable
quantities of ice and frozen to a depth
of about 25 ft (mean annual ground
temperature about 31.5 F).

Permafrost and soil conditions should
be determined before installing a bench
mark because they govern the installa-
tion procedure. fnformation relating to
soil t1pe, depth of permafrost (discon-
tinuous zone), ice segregation, etc. can
be obtained by sampling during the
drilling operation (Fig. 5), or may be
inferred from previous investigations
carried out in adjacent areas.

lVhen the bench mark is to be anchored
in permafrost, the procedure given in
Appendix IfI, Section (a), is followed.
As some movement of the datum pipe
may take place during the freeze-back
period (perhaps 1 to 4 months), a bench
mark should not be used as a datum until
it has been established that no movement
has occurred or that movenlents have
ceased. If a bench mark is to be placed
on or in a solid stratum belorv the
perennially frozen layer in the discon-
tinuous permafrost zone, the procedure
given in Appendix III, Section (D) is
used. The details of these bench marks
are given in Fig. 6.

LocenoN, PnorrcrroN,
AND ]UAINTENANCE

It is most important to select a loca-
tion where the bench mark rvill be
inconspicuous to the public, readily
accessible, and suitably protected from
traffic and construction equipment. In
permaJrost areas it should be located in

Derp BENcs l{nnxs 273

a'high, reasonably well drained, undis-
turbed location well separated from
potential tharving influences such as
roads, buildings or streams.

To protect the bench mark, a 4-in.
casing capped with a brass cover con-
taining identifrcation marks should be
used. The cap should also be provided
with holes or slots so that a special key
or wrench is required to open it, thus
lessening the possibility of damage by
vandalism. The holes would also provide
ventilation to minimize condensation
inside the casing. ff necessary, additional
protection could be provided by placing
a cement slab around the installation.

In highly corrosive lacustrine soils,
additional protection against corrosion
may be achieved by sliding a semi-rigid
plastic pipe (1$ in. ID) over the l-in.
pipe casing to a depth of l0 ft, or to the
bottorn of the &in. auger hole, before
the final fiIling of the l-in. pipe with oil.
The piezometric head at the bottom of
the plastic pipe and the lorver specific
gravity of the oil, relative to the soil
pore water, will force the oil to a high
level in the plastic pipe and reduce
corrosron.

In permafrost areas precautions should
be taken to prevent undue disturbance
of the insulating moss cover and ponding
of water at the site. The assemblv
normally protrudes above tbe ground
surface so that it is readily accessible
and easily identified. It should be well
marked and protected with additional
moss and a timber crib placed on the
ground surface-

These bench marks should require
little maintenance, although it may be
necessary to add oil periodically to
those placed in clay areas or through
pernrafrost since sorrre Ieakage may
occur. If excessive frost heaving should
cause the l-in. casing to cover the datum
pipe, the casing may be cut off or the
inner pipe extended by adding short
lengths of |-in. pipe. For the latter
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case, a careful level

quired to establish

survey will be re-

a new elevation.

Elnncrs or GnouNp Tolrpnnarunp

The datum rod of the bench mark

assembly is subject to expansion and

contraction caused by temperature

variations in the surrounding soil. The

variation of temperatttre in the rod,

however, should be less than that in the

neighboring soil because of the protec-

tion it receives from the oil and the

casings. Based on gr:ound temperature

[reasurements made at Ottawa, Ontario,

and Knob Lake in Labrador under

natural surface cover and a snow cleared

roadway respectively (Crawford and

Legget (14)), the maximum change in

length of an iron rod rvas calculated to

be 0.001 ft and 0.002 ft.

To reduce or eliminate effects of

temperature variations, additional in-

sulating cover could be provided for the

bench mark installations. Other methods

include installing them beneath buildings

where ground temperatures are nearly

constant, or by substituting a more stable

metal or alloy for the top 10 ft of datum

rod. Field experience has shown, how-

ever, that the deep bench marks instailed

to date are suitable for surveys read to

0.001 fr.

Drscussrox

Measurement of the movement of

engineering structures founded on com-

pressible or otherwise unstable soils is

important for both practical and theo-

retical reasons. Settlement may be taking

place even before construction begins if

the site has been preloaded with fill or if

new drainage conditions are lowering

the ground water table. Seasonal volume

changes of clay soils as influenced by

climate and vegetation cannot be fully

assessed without reliable bench marks.

Practical implications of such movements

Frnr,o TrsnNG oF SorLS

include discrepancies of survey elevations

obtained at difierent seasons of the year,

errors introduced into calculations of

earthwork or other construction volumes,

and additional expense incurred in more

frequent control surveys from distant

bench marks. It is important, therefore,

to have a reliable bench mark close at

hand to (1) determine whether such

movernents are occurring, (2) use as a

control datum during construction, and

(3) check the performance of the struc

ture once it has been built.

The deep bench marks used bY the

Division of Building Research in sensitive

clays, lacustrine clays, and permafrost

regions are simple and economical to

install. Basically, they consist of a datum

pipe resting in stable material and pro-

tected by an oil-fllled casing. Experience

has indicated that they are suitable for

surveys that are read to 0.001 ft.

Consultants, engineers, owners, and

contractors should consider the installa-

tion of a deep bench mark as an essential

part of the exploratory soil sampling

prograrn for engineering structures. A

reliable bench mark may be installed on

the site easily and inexpensively to

provide a datum for surveying during

the construction period and for checking

the performance of the completed struc-

ture, especially where the distance to an

established bench mark is so great as to

reduce the accuracy of the surveys to the

site.
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NI'PENT)IX I

INS' I 'AI , I ,A1 'T0N 0F A I ) I i I . ] I '  I } t ' ]N( ] I I  \ I - \RK IN SI iNSI ' I IVI ' ]  ( I [ ,4 \ '

1.  A t  t l r c  t l cs i rc t l  loc l r t io t r ,  bo tc  l l  l to lc

largc enough for a 4 in'  pipe casing 1o l

clepth of 3 to 4It.  Centcr thc base [ratnc ovcr

th; hole ancl clarnp it frrmly to the ground

by r-ueans of two earth anclrors. 
'l'hc 

tunling

of thc spiral earth anchors into the grouud

can bc case<l if two pilot holcs are augcred

in at lr ,atrcc. At the ccnter o[ lhe largc holc,

ruger a l |- in. pi lot holc vcrt ical ly through

thc f issurcrl  crust to a dcpth of 1.5 i t  or morc.

Ll lrr :ck 1hc augcr Irct luctr l l l ' '  rvi th the car-

perttcr 's lcvt: l  to cttsttrc lhlrt  thc holc is

r,r:r  t ical.
2. Asscmblc the stccl foot, the 3-ft ,  antl

lO-ft  lcngths of |- in. galvanizcd iron pipe.

Str ing a 10-It  iength of 1-in. gah'anizecl

ircn pipc casitrg over the l- in. pipc so that i t

is scirt.erl firnrly on the shoulder of thc steel

coupling above the steel loot rvill be locatcd

insiclc the f -in. pipe casing aftcr the installa-

l ion is completed.
3. Lorvei thc unit into the hole, and jack

it into the grouutl to refusal as quickly as

possil,rk: rvith thc jacking device, adding

iuccessi,re lengths of pipe as rcquirecl'

(Usually a 50-ft bench mark can be jackcd

into the ground u'ithin 2 hr.) This operation

shoulri be completed in one working period

since any t lclays wil l  pcnri t  thc casing 1o

"seize " in the soil, at lvhich time it beconres

vcry (lilicult to move even l'ith nruch

hcavier jacking equipment.

4. 
'lo 

ensure that the steel loot is firml1'

satislactgry scating of the stccl foot has been

achievcd, thc clcvation of the top of the

]-in. datum pipe should be established

precisely with an engiDeer's level.

5. Jack the casing up 2 ft to separate it

from the stecl loot. Check thc elevation oI

the rlatuln pipe to ensure that it has not

been l i i ted rvith the casing.
(r. Cut of{ thc casing about 3 in. abovc

ground, or as required, and the inncr pipe

2 in. above the casing. 
'I'he 

top of this pipc

serves as the relerence daturn.

7. Fill the 1-in. pipe rvith heavy oil'

Instail the 4-in. pipe casing, together with

thc coupling and hrass cap, as shown in

Fig. 2, allowing 5- to 6-in. clearance betltecn

the r'lafunr pipe anrl the brass cap.

No'lt.--If tlesired, this installation can be

improvc<l with the addition of a stainless steel

ball clatum point, a "spring" bushing to center

thc inner pipe sithin the l- in. casing ancl with

the addition of a floor flange to provide lateral

stabitity lor the 1-in. casing rvithin the 4-in'

diam pipe, as described in AJ4>endix II.



1. Position and level the drill rig over the
point selected and remove the sod. Bore
a 4-in. hole to the bottom of the highly
desiccated soil strata (10 ft or more), using
continuous flight augers. In these cohesive,
self-supporting clays, a casing is not re-
quired to keep the hole open. It may be
necessary to auger or wash bore a small-
diameter pilot hole before setting the bench
mark pipe in very stiff clays or clay shales

2. Pour 2 to 3 gal of automotive crank
case oil into the augered hole. In clatey
soils near saturation there rvill be very little
loss of oil into the soil, and a 4-in. hole rvill
be filled to a depth of about 4 ft.

3. Assemble the materials, following step
2 of Appendix I. Center the pipes through
the "A" cbuck of the drill rig and lorver
them into the hole. It is most important at
this stage that the pipe is vertical and that
it is well centered in the chuck of the drill rig.

4. Push and rotate the pipes into the
ground ,to refusal, adding successive lengths
as required. By using a slorv speed of rotation
and a steady push rvith t}le drill feed, pene-
tration resistance is reduced and the chances
of obtaining a straight and vertical installa-
tion are greatly increased. This operation
should be continuous and completed s'ittrin
a working period. Although the oil lubrica-
tion and the oversized hole made by the
l|-in. diam steel foot tend to reduce skin
friction, the casing may "set up" quite
firmly in the soil if it is alloted to stand for
a period of time.

5. Usually pcnetration refusal is easilv
detected by the reaction of the drill rig and
by rotation of the pipe casing relative to thc
inside pipe. After loosening the drill chuck,
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refusal of the bench mark to penetration by
percussion driving can be checked, as out-
lined in step 4 of Appendix I.

6. With the drill rig retract the l-in.
casing 2 ft and check the elevation of the
inner pipe to ensure that it has not been
lifted with the casing.

7. Cut ofi and thread the l-in. pipe 6 in.
below the desired final elevation of the
bench mark datun point, and the |-in.
pipe about 5 in. above the l-in. casing. If
the datum elevation is at or belorv existing
grade, a shallorv pit must be dug around the
pipe to allow ttte use of the pipe cutter and
threader.

8. Fill the l-in. pipe u'ith gear oil. This
time-consuming operation can be speeded
considerably if trvo or three $-in. holes
have been drilled in a staggered pattern in
the first 3-ft section of |-in. iron pipe to
allorv trapped air to escape from the bottom
of the casing. Install the spring bushing
(coiled strap of 30-gage sheet galvanized

iron) at the top of the l-in. casing, thus
centering the inner pipe. Finally, screw on
t}le special steel ball datum point.

9. FiIl the 4-in. auger hole uith airdry
sand or gravel (maximum particle size 1|
in.) or rvith dry concrete mix to rtithin 3 ft
of the ground surface. Push the .l-in. pipe
into the hole, making sure that it is rvell
centered and that a clearance of at least 6
in. is provided betrteen the datum point and
the brass cap. Scre$' the floor flange onto
the f -in. pipe by means of a small rod in.
serted in one of the bolt holes. Finally,
backfill the hole around the {-in. casing with
suitable 6.ll or cast a concrete n-rarker pad
around it.

Bozozvx ET AL oN Drrp BrNcE Manxs

APPENDIX II

INSTALLATION OF A DEEP BENCH IUARK IN LACUSTRINE CLAY
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APPENDIX III

INSTALLATION OF DEEP BENCH MARKS IN PERMAFROST AREAS

(a) Bench Morks Anchored in PermaJrast:

1. Carefully position the drill rig so that

disturbance of the moss cover will be kept

to a minimum. Place a suitable lengttr of

\D( casing through the active layer into

the perennially frozen ground to prevent

tlawed material and surface water from

entering the hole. Drill a hole to a depth of

39 ft witl AX size drill equipment, using an

AX core barrel if samples are desired; other-

wise use an AX non-coring bit. If caving

occurs, AX drill casing should be placed to

the bottom of the hole. When the hole is

completed, bail out all the water.

2. Connect the steel foot to t}te 9-ft

length of *-itr. prp" having a roughened

surface and lower it into the hole to a depth

of 8 ft. String a 10-ft length of l-in. pipe

over the ll-ft length of t-in. pipe. With the

vice grips clamped securely to the top of the

inner pipe to prevent it from sliding out of

the 1-in. casing, raise the two pipes vertically

above the hole and connect the j|-in. pipes

together. Retaining a hold on the outside
pipe, lower the assembly into the hole,

adding successive l0-ft lengths of $-in. and

l-in. prpe until the steel foot rests on the

bottom. Secure the f-in. prpe so that it
projects about 6 in. above the ground. The

inner pipe should then protrude about I ft

above this casing.
3. Holding the pipes in this position,

carefully backfill the hole with a not-too-wet

sand-slurry mixed so that it just pours easily.

If drill casing has been used withdrarv it

carefully so that the relative positions of the

bench mark pipes are maintained as the hole

caves in around them. To ensure that the

lower portion of the datum pipe is adequately

surrounded by soil it may be necessary to

fill the lower part of the hole r.r.ith the siurry

before removing the drill casing. If such is

the case, even greater care is required to

maintain the relative positions of the bench

mark pipes as the drill casing is removed.

4. Remove the NX casing from ttre active

layer and back-fill tle hole to the ground

surface, carefully replacing the moss cover

around the pipes.

5. Fill the annular space between the

inner and outer pipes with an SAE B0 gear

oil or a special wax-oil mixture. This mixture

can be made up of 70 per cent oil (such as

Mentor 29) znd 30 per cent wax (such as

Socony Mobil Cerise AA) by weight, mixed

after heating to about 200 F. The mixture

is poured into the assembled lGft lengtls

of pipe and allowed to congeal belore they

are placed in the drill hole.

6. Install the "spring bushing" inside the

top of the l-itt. prpe casing and mount the

stainless steel ball datum point on the top

of the |-in. pipe.

7. Connect the l|-ft length of l-in. prpe

and pipe cap to the top of the l-in. casing

protruding above the ground surface.

8. If desired, a suitable length of 4-in.

pipe with prpe cap may be driven into the

ground over the bench mark assembly to

provide additional protection.

(b) Bench Mark Anehoreil Belau Permafrost:

l. Follorving tbe same procedures given

above, drill an AX hole to a depth 5 ft below

the perennially frozen layer.

2. If the unfrozen soil underlying the

permafrost is relatively soft, complete the

installation following the procedures given

in Appendix II.

3. If the unfrozen soil is stony or very

stiff it may be necessary to extend the bore-

hole to bedrock or other resistant material.

The installation can then be completed
follou'ing thc procedures uscd for anchoring

bench marks in permafrost.



DISCUSSION

buckling would occur, a 6q-in. pipe coulcl
be used for the clatum rorl.";lJ;il:rS: 
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