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FOREWORD 

Benc h marks are long lasting points for whic h elevations have bee n d eter­
mined, used to control other surveys and to monitor movement of a nd within the 
Earth's crust. They constitute the visual evidence of vertical control established 
by the National Geodetic Survey (NGS), an office of the National Ocean Survey, 
National Oceanic and Atmospheric Administration. Bench mark design and 
setting procedures are important to the leveli ng program. In the past , however, 
availability of materials and ease of setting were often the primary considera­
tions rather than soi l mechanics, geology, properties of materials, and the like. 

Advancing technology brought both the ability Lo determine elevations 
more precisely and a greater need for be nch marks to hold these elevations. The 
releveling program for the new adjustment of the National Vertical Control Net­
work provided an ideal opportunity to upgrade the quality of NGS bench marks 
to meet future geodetic requirements. 

This manual was written for two main groups of users. One includes man­
agers and field personnel, both publicly and privately employed, who are in­
volved with setting bench marks that will meet NGS specifications. The guidance 
given here must be adhered to strictly to obtain the quality required by the 
National Geodetic Survey. The other group consists of the users of NGS vertical 
control data. Supplementing other verti cal control data, the information in thi s 
manual makes it poss ible to judge the reliability of an NGS be nch mark 
elevation. 

Because of a limited number of bench mark types, it is not possible Lo set 
the optimal monument in every case. For some installations, geologists or other 
specialists might be consulted. The manual includes enough detail Lo enable 
judicious modification in design when the occasion arises. 

Dimensions have bee n g ive n onl y in metri c units wherever feasible. Co m­
mercial products are normally specified in English units, and consequently, 
English units are given in pare nthesis whe n applicable. A conversion table from 
metric to English units is given in appendix A. 
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GEODETIC BENCH MARKS 

L t. Ri cha rd P . F loyd 
Na tio nal Geodetic Survey 

Nati o na l Ocean Survey, NOAA 
Rockville, Md. 20852 

ABSTRACT .-Geod eti c survey contro l poi nts must be re ma rka bly sta ble d ue to 
the ve ry inte nt of establi shing geodetic control. A II mo nume nts a re subject to 
the effects o f geologic a nd soil acti vity. Vertica l control po ints a re pa rticula rly 
vulne ra ble because t his activity results in vert ical moveme nts much m o re so 
than ho r izo ntal m oti o n. In additi o n to natura l dis turbances, da m age inflicted 
by ma nkind is a criti cal proble m in m onume nta ti o n. This ~anua l expla ins ho w 
a nd w here to set bench marks for m aximum sta bility a nd ca lls a tte nti o n to the 
facto rs that a ffect verti cal insta bility. 

1. INTRODUCTION 

To functi o n as good refere nces for eleva ti o ns, 
be nch ma rks must be rela ti vely stable po ints. Ac­
cordingly, it is necessa ry to d efine what is mea nt 
by sta bility before a n understa nding of hi gh qual­
ity m onume nla ti o n ca n be gai ned . "Stability" 
r efe rs to the ability to maintai n a fi xed positi o n. 
It is cha racterized by its degree a nd durati o n. 

T o the loca l surveyor running a to pogra phi c 
survey o n a sm all construction s ite, a sta ble poi nl 
could be d efined as the top of a promine nt boulde r 
o r a spike dri ve n into a gravel road surface. These 
obj ects a re subject to move me nts o f a fe w centi­
meters to a deci m ete r o r more in a year's ti m e, but 
they a re adequate for the surveyor's needs. h 
would be unecono mi ca l to s pe nd the time and 
money necessar y to set hi g her quality be nch m arks. 

A not her surveyor might be conce rned with lay­
ing out a major hi ghway that could ta ke years lo 
co mpl ete. The refore, the control must be mo re 
sta ble in its positi o n a nd longer lasting. T o thi s 
s urveyor, a stable po i nl could be represented by a 
concrete post exte nding to a depth of a mete r o r so, 
or a spike in the side of a la rge utility pole. These 
be nch marks mi ght ho ld their elevations within a 
few ce ntimeters while the project is being ca rri ed 
out. It foll ows tha t the be nch ma rk stability re­
quired d epe nds o n the precision of the survey be­
ing ca rri ed out a nd the durati o n of the project 
for whic h the elevations a re needed . 
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T he Nati o na l Geodeti c Survey (NGS) of the Na­
ti o nal Ocea n S urvey is responsibl e fo r esta blishing 
a nd mainta ining the Nati o na l Netwo r ks of Geo­
detic Co ntro l. T he survey ma rker s comprising 
these netwo rks ser ve as bas ic refe re nce points fo r 
nume ro us surveying, e nginee ring, ma pping, la nd 
use pl a nning, and scie ntifi c projects. If the net­
works are to adequa te ly serve these purposes, the} 
must be esta blis hed to a hi gh d egree of accu racy 
a nd mo nume nted in a ma nner tha t best preserves 
th eir o ri gina l geodeti c positi o ns. 

S ta bility requirem e nts for the Nati o nal Vertica l 
Network control points have inc reased sig nifi ­
ca ntly in rece nt yea rs due lo continually ad va nci ng 
techno logy. Both the a bility to de te rmine e leva­
tions more precisely a nd the need lo kno w e leva­
ti o ns m ore accurate ly have res ulted from this 
tech no logical boo m. Uses have i ncreased fro m 
basic co ntro l for boundary surveys and ma pping 
to la rge scale planni ng a nd construction of t ra ns­
porta ti o n syste ms s uc h as inte rstate hi g hways a nd 
t ra nscont i ne ntal pipelines. More rece ntly, in­
creased e mphasis on crusta l moti o n s tudies a nd 
contro l for missiles, sate llites, a nd s pacecraft has 
brought a bout a need for mo re accurately known 
positi o ns a nd, conseq ue ntly, mo re sta ble cont rol 
points. 

E leva ti o ns a re referenced to a level surface, o r 
geoid, w hi ch is approximately equi vale nt to mean 



sea level. ' Not even the Earth's crust , which aver­
ages 35 kilometers in thi ckness, is ta ble re lative to 
the geoid. Young mountains are uplifting while 
areas of the ocean fl oor subside. Id ea lly, a bench 
mark used strictly for control s hould remain 
motionless with respect to the geoid. Si nee the ge­
oid is intangible, the only basis we ha \ e for ap­
prai sing be nch mark stability is the Earth's c rust , 
e ' e n though it is in co n ta nt moti o n. A monume nt 
ca n be considered as stable as possible if it is mo­
tionless with res pect to the crust. 

To clarify thi s, a di stinction must be made be­
twee n c rustal motion and motion within the crust. 
Crustal motion is movement of the crust as a 
whole. It is ca used b) phenome na s uch as isostasy 
( the concept of the crust floating o n the mantle) 
and tectoni c plate movement. Motion within the 
crust originates above the base of the crust. 

It is motion originating above the base of the 
crust that w e would usually like to preve nt from 
being trans mitted to our be nch marks. Preve ntion 
being impossible, the next best thing is to reduce 
the motion's effects. Thi s can be done b) (1) mini­
mizing surface effects a nd (2) with the aid of geo­
logical information, a\ oidi ng or accounting for 
move me nts of deeper origins. 

The following c hapters dea l with id e ntifi cation 
of the various factors that ca n ca use changes in 
be nch mark eleva tions, and steps that must be 
taken to set high-quality be nch ma rks. These 
marks includ e dis ks set in bedrock or structures, 
s leeved rod type bench marks, rod ma rks with 
disks, and some miscellaneous types. 

2. SOURCES OF VERTICAL INSTABILITY 

The subject of bench mark instability ca n be 
more easily unde rstood if it is separated into two 
categories characterized by the depths at whic h 
movement origi nates. Those with their roots with­
in a bout 15 mete r of the surface wi II be called 
" near-surface sources of instabilil) ," while those 
that origi natc below about 15 meters wi II be ca lled 
"subsurface sources of i nstabi Ii ty." If the e ffects of 
near-surface sources of instabilit) ca nnot be a­
voided by prudent selection of the be nch mark 
site, they ca n be counteracted so that they are not 
reflected in the be nch mark e le"ati o n. S~bsurface 
effects usually ca nnot be eco nomically counter­
acted by a suitable bench mark desig n so they must 
be avoided or accounted for. 

Be nch mark moveme nt ca n be like ned to that of 
a float bobbing up and down on the s urface of the 
ocean. The total vertical move me nt of the float is 
the result of accumulated moveme nts caused by 
sea (locally generated choppy waves), swe ll (long, 

' A concise, easily understood description o{ the geoid is 
given in appendix 8 . 

2 

rolling waves from a di sta nt origin), and tide. At 
time , these individua l effects act together, am­
plifying the total movement. For example, the 
float might be lifted by a sea whic h is on the cres t 
of a swell a l high tide. Other times, one effect will 
te nd to ca ncel another, as whe n the float is on the 
cres t of a wave which is in the trough of a swell. 

t an) rate, the float i in motion with res pect to a 
refere nce surface, whic h in this case is the ocea n 
floor. 

To correlate this to be nc h mark movements, the 
respective counterparts of sea, s we ll , tide, and the 
ocea n floor are near-s urface move me nts, move­
ments within the crust , motion of the e ntire c rust , 
and the geoid .' It would be ideal if we could fix the 
bench mark to the geoid as we can anchor a piling 
to the ocean floor lo eliminate tidal motion. H ow­
e,er, the re i no analogous way to counte ract the 
effect of crustal motion on a bench mark. 

In the ocea n, the effect of swell could be avoided 
in some a reas by making use of an existing break­
water, harbor, or bay. Similarly, with proper 
bench mark si te selection, many movements with­
in the crus t can be avoided, but choice of a location 
is not as obvious. Conside rable geological i n fo rma­
tion is needed to determine which areas exhibit no 
subs urface instability. 

Fina lly, the effects of sea in many situations ca n 
be avoided. Where this is not possible, they can be 
economica lly counte racted by building a small 
floating barrier. Esse ntially, this is what ca n be 
done for vertical control points. The sleeved class 
A rod mark (sec fig. 4 , page 16) cons ists of a steel 
r od that is isolated from near-surface motion by 
the s lec\C. 

Origins in the Subsurface 

C rustal Motion 

First among the subsurface causes of verti ca l 
moveme nt is crustal motion. Even if it were po -
siblc to prevent this move me nt, it would be unde­
sirable in many cases. Crustal motion studi es are 
an important appli cation of leveling data. The 
move ment of one area of the crust in relation to 
another serves as the basis for these studi es. To 
dctc rmi ne this, knowled ge of crustal motion with 
respect lo the geoid is not cs cntial. What is nec­
essary i to know whi ch benc h marks reflect only 
cru ta l motion. Refe rring to the parallel drawn 
with the sea surface, if a float is to be used to mon­
itor tides, it must be known that the effects o f seas 
and swell have been elimi natcd. 

• The gravi tational eHects of the sun a nd moon exert an 
influence on land masses just as they do on the oceans, 
causing a phenomenon known as "Earth tides." No analogy 
for Earth tides is made in this paralle l. 



Cave rns and Mines Fros t Hea' e 
Ca, e rns and underground exca,ations contrib- Beside di sturba nces caused by human inter-

ute to vertical move me nts on the surface of the ' e nti o n, there are a great many resulting from 
Earth. Sometimes the motion is ab rupt as is the natura l phenome na. Of these, frost heave i one 
case with sink holes, and other times their effects of the most severe. The occurre nce of fro l actio n 
r esult o nly in gradua l subsidence. When crustal up- depe nds on three factors: freezing te mpera tures; 
lift is occurring s imultaneously with subside nce availab le water; and certa in soil characte ristic, 
caused by a grad ual caving in of an underground most nota bly soil particl e size. The a bsence of a ny 
mine, the wrong conclusion ca n be drawn about one of the essentia l co nditi o ns precl udes the oc-
the stability of a n a rea. In ge ne ra l, the Nationa l curre nceoffrost heave. 
Geode ti c S urvey is not concerned with monitoring For example, it is the influx of additional water 
subs idence ca used by unde rground excavati o ns into a soil ' freezing zone after the freezing has 
a nd caverns. Since it is too costly to a nchor be nc h a lread y begun that results in excess ive frost heave. 
marks below the d epth of disturba nce and isolate The freezing of water initia ll y present does not 
monume nts against s uc h move me nt, these a reas cause a s ig nificant proble m . When the water table 
must be avoided whe rever possible. is near the surface, additional water is avai la ble lo 

be drawn up into the freezing zone ca us ing the 
Pumping frost heave problem. A water tab le within 2 meters 

Subside nce is a lso caused by pumping of o il or of the ground surface i ndicales a po te ntial hazard 
wate r. Whe n fluid is re moved from the ground, a nd it is normally furth er from the surface on hills 
the resulting d ecrease in pressure allows gravity than in low-lying areas. Co nseque ntly, less se,ere 
to pull dow n the overlying soi Is. Associa ted with frost heave ca n be expected to be found o n hills. 
this is piping, o r the removal of fin es fro m a soil E'en thou gh water is ava ilable, signifi ca nt frost 
stratum, whi ch aggravates the situation. Again, in heave will not occur unless the soil ca n draw it up 
carrying out its basic mission of developing and and hold it in the freezi ng zo ne. Soils whic h are 
mai nlai ni ng a network of geodetic control, NGS is ca pabl e of this are called " frost susceptible." The 
not primaril y co ncerned with monito ring thi s ma in factor in determining frost susceptibility of 
type of motion. Except where subs id ence is the sub- a soi I is particle size di stribution . Coarse-grai ned 
jecl of specia l stud y, such as in the Hou to n, Tex., soil s co ntain spaces tha t a re too large to draw up 
area and Sa nta Clara Valley, Calif. , these areas too a nd hold water. At the other extremity, m a ny clays 
s ho uld be avoided wherever possible. a r e impervi ous to wa ter. (Clays, however, a re det-

On or Near-Surface Origins ri menta l for r easons o ther tha n frost heave as 
Impact explained in other secti o ns of the manual. ) The 

soi Is most susceptible to frost acti o n, a nd therefore 
The reliabili t) of a be nch ma rk e levation is 

lo be avoided where freezing occurs, are s ilts a nd 
largely depende nt upo n its exposure to impact. silty sa nds with soi l particle sizes less than 0.02 
T he res ults of impact ca n ra nge from a n i nfi nitesi- mi I Ii m ete r (U.S. Army Corps of Engineers 1967). 
ma l change in eleva tion as a result of being s te pped 
o n to tota l destructi o n ca used by ea rth-m oving Shrinking and Swell ing of Soi l and Rock 
equipment, whi ch i perhaps the most common A not her phenomeno n that ca n cause bench 
cause of bench ma rk loss. NGS be nc h marks have mark instability is shrinking a nd swelling of soil 
bee n designed to minimize the c hances of va ndal- due lo chan ges in moisture conte nt. The magni ­
is m, tampe ring by souvenir hunte rs, and impact tude of soi l volume cha nge depend s upo n two 
which is relatively small in magnitude. facto rs. O ne is the characte r of the soil, including 

For class A rod marks, thi s is accompli s hed by parti cle size a nd distribution, degree of ceme nta­
three precautionary measures: first , the datum lion, and , most importa ntly, mine ralogy (Patrick 
point is se t sli ghtly below ground level; seco nd, a a nd S nethe n 1976). Fi ne-grained soils containing 
protective pipe is placed around the datum point ; ce rtain clay minerals, particularly montmo ril­
a nd third , the bench mark component whi ch is lonitc,3 a re hi ghly expans ive. 
imprinted with the NGS logo, and mi ght be con- The other factor governing the s hrinking or 
s idercd a worthy sou venir, is not an integra l part swelling of a soil is the m easure of its variation in 
of the datum point. m oisture content. Seaso na l climate ' a riabi lity 

By their inherent na ture, o ther types of NGS provides a good indicati o n of the degree and de pth 
bench marks are not vulnerable lo relatively ____ _ 
sli ght impact. Heavy impact, such as that caused 
by const ruction eq uipme nt, can not be counter­
acted by economical desig n so it must be avoided 
by judicious place me nt. 

3 

• Montmorillonite is a clay mineral made up of layered , 
pla te-like particles separated b y water. The addition of more 
water causes the particles to separate even more until they 
finally disperse. 



to whic h volume change will occur.• An expa nsive 
soil subject lo either a consiste ntly m oist or dry 
climate yea r a round will not ex hibit a cha nge in 
volume, but if the cl imate is wet during one season 
a nd dry during anothe r, a volume change will oc­
cur. Fi gure 12 (page 33) separates the United 
S ta les into a reas of diffe ring clima te va ria bility. 
T he hi ghe r the value of t he cl ima te facto r, the 
m ore variable the moisture conte nt of the soi I. 

T his expa nsive cha racte r is not limited to soils. 
Sedime ntary rocks a re those whi ch were formed by 
the consolida tion of sediments. If the pa re nt ma­
terials were of an expa ns ive na ture, the rock itself 
will likely have this characteristic lo a surpris­
ingly hi gh degree. Substa ntia l paveme nt damage 
has occurred on some highways fo unded o n sed­
ime nta ry bedrock when the wate r conte nt has 
bee n a lte red. 

oil Expa nsio n a nd Co ntracti o n 
The te rms "expa nsion" and "contract io n" indi­

cate cha nges in volume resulting fro m a cha nge in 
temperature ra the r tha n a c ha nge in m oisture co n­
te nt. Like o the r ma te ria ls, soil expa nds whe n its 
tempe ra ture ri ses a nd co ntracts whe n its tempe r­
ature is lowered . It diffe rs from m ost other ma teri­
als i n that the ra nge of temperature varia ti on is 
not co nstant throughout its depth. At the surface, 
the te mperature varia ti on is nea r tha t of the air. 
At som e d epth, the te mpe rature is nea rly consta nt 
throughout the year. In unfroze n soils, expansio n 
a nd contracti o n due to tem perature cha nge is 
negli gibl e, but in froze n soils t hey a re factors lo 
consider. I n perma frost , te mperatu re cha nge ca n 
have a significa nt effect o n a be nch m a rk d own to 
a depth of a bout 10 meters (Bozozuk e t al. 1962). 

Slope Instability 

Slope insta bility covers a wide ra nge of move­
me nts ranging from rockslides a nd mudfl ows to 
the nearly imperceptible moveme nt known as 
creep. Rocks lides a nd mudflows a re ob\ ious and 
would proba bly result in the total destructi on of a 
be nch mark. Creep prese nts a greate r proble m lo 
monume ntation because it could result in onl y a 
sli ght c hange in the be nc h ma rk e levation whi c h 
could lead to e rroneous conclusions. Evide nce of 
creep can sometimes be witnessed in lea ning util ­
ity po les where the upper layer of soil s lides in 
relation to that beneath it. 

G ravity is the m ain force that produces creep, 
but gravity can be a ided by a numbe r of o ther fac­
tors, a mo ng whi ch the presence of moistu re is 
probably the m ost <iomina nl. In some insta nces, 
a sma ll a m ount of water ca n increase co hesion and 

•Soil mechanics being a complex science, the maximum 
depth a t which soil is affected by this phe nomenon is not 
uni vel"!lally agreed upon. He re, it is assumed to be 15 mete rs. 
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re tard the fl ow of soil downhill. More ofte n, wate r 
decreases fri ction between soil particles, allowing 
the m to flow more rapidly. When m oisture is con­
fin ed to the upper layers of a slope by a n imperme­
a ble substratum, the like lihood for creep is quite 
high. 

Sometimes a slope ca n be stable until a cut is 
ta ke n from it which upsets the equ ilibrium a nd 
sta rts a slid e. If the cul was taken from a n a rea 
providing substantial support to a slope, the slide 
will occur rapidly. Whe n the s lope is less steep o r 
provides m ore of its own support through cohesion 
of the soil , a cul will have no effect o r result only 
i n c reep. Hi ghways a re noto rious fo r prod ucing 
s lides in some pa rts of the country. 

Soil Co nsolidation 

W he n a soil mass is subject to loading, the o il 
pa rticle o rie ntatio n unde rgoes a cha nge resulting 
in a conditio n of closer pack i ng a nd sma ller voids. 
T he longer the load rema ins, the more stable the 
particle reorie nta ti o n becomes, until a conditio n 
of equil ibrium is fina lly reached. If a load is re­
m oved , re bound occurs. 

Many kinds of loads ca n cau ea soil mass to con­
solida te signifi cantly. La rge structures ca n ca use 
soi l co nsolida ti on res ulting i n settle me nt of the 
structure. They are ofte n constructed in such a 
ma nner tha t t hey do no t exceed a specified settle­
me nt, o r a t least a certa i n settle me nt ra te. The 
to ta l a llowable settle me nt is usuall y a few centi­
meters. T he ra te occu rs rapid ly at fi rst a nd de­
creases with time. Some structures co ntinue 
settling for ma ny years a fter constructi o n has bee n 
comple ted. Besides comp res ing the soil di rectly 
be neat h it, a new building ca uses the surrounding 
soi l to be d ra wn down. 

Water reservoirs exert tre me ndous st resses o n 
soi l deposits. As a reser voir is fill ed or drained , the 
soil mass be low it compresses a nd rebounds ac­
cordingly. As with structures, the surrounding 
soil i a lso affected by the loading a nd unloading. 
La rge ri vers a lso ex hibit this trai t to some exte nt 
wi th the seaso nal c hange in wate r level. 

A pecia l case of consolida ti on due to loading 
ca n be see n in manmade deposits or fill. Not only 
do these d eposits exert a pressure onto what may 
be a compressible soil below, but they the mselves 
a re subj ect to consolid ation. Whe n the purpose of 
fill is o ther tha n to improve the subgrade of a con­
structi o n site, it is usua lly de posited loose!), a nd 
will compact under its own we ight. Fills are usu­
a lly deposited in small or na rrow a reas. Exa mples 
incl ude levees, la ndscape improve me nts, a nd dis­
posa l sites fo r undesirable materia ls suc h as trash, 
overbu rde n, a nd dredge de posits. However, some­
times the a reas can be very exte nsive, as in the case 
of reclaimed strip mines. 



Erosion 
Impairment of some bench ma rks can be at­

tributed to e rosion. Soils in or on which a monu­
me nt is set are subject to removal by the action of 
wind and water. This ca n result in the monument 
being obviously displaced, or o nly a subtle dis­
turbance rendering it unsuspectingly unfit for use 
as a geodetic control point. U ndercutting ca n oc­
cur along the outsides of curves in rivers and e m­
bankments near large bodies of water where 
storms are likely lo occur. It is conceivable that 
wind erosion could also present a problem in some 
locatio ns, but it would probably result in the loss 
by burying a be nch mark rather than c hanging its 
e levation. 

Motion Intrinsic to the Monume nt 

C hoi ce of mate rials for a bench ma rk monu­
ment is criti cal for two important r easons. First, 
ultimate deterioration of materials res ults in the 
loss of a bench mark's reliability. The outmoded 
copper clad rod mark (page 44) has been known to 
corrode to such a n extent that secti o n of the rod 
have separated en tire ly. Failure of a be nch mark 
from this cause would not be abrupt. In fact, it 
could be diffi cult lo d etect. For this reason, whe n a 
monument is r ecovered for re levelin g, it should be 
tested lo ascertain its condition. For rod type bench 
marks this can be accomplished by grasping the 
rod and pulling it lo make sure its integri ty has 
been retained. 

Secondly, a benc h mark's elevation ca n change 
with the expa nsion and contraction of the monu­
ment due to temperature c hange. Theoretically, 
this ca n amount lo changes on the order of a milli­
m eter or more between hot and cold seasons. In 
c hoosing bench ma rk materials, the therma l co­
effi cie nt of linear expans ion must be co nsidered. 
If modifications involving c ha nges in ma te rials 
are made to the prescribed designs for rod marks, 
materials havi ng a direct bearing o n the be nch 
mark elevation should be limited to those having 
a coeffi cie nt less than 20 X 10-' c m/ c m per °'C. 

Intended Stability of NGS Bench Marks 
From the information in this c hapter, it is evide nt 
tha t the causes of instability vary widely in both 
depth of origin a nd geogra phica l extent. To 
counteract d eep subsurface acti vi ty would be eco­
nomically unfeasible, so bench mark s pecifi ca ti o ns 
for the Nati onal Vertical Control Network have 
been developed to resist move me nts a t or near the 
surface. Among such movements a re those caused 
by impact, frost heave, shrinking and swelling of 
soils, soil expa nsion a nd co ntracti o n, a nd in some 
cases where the effect is not Loo deep, consolida­
ti o n. Except for consolidation, bench marks set as 
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described herein can always be expected to resis t 
movem ents from these ca uses. 

To accompli s h this objective, m ost be nch marks 
mus t be anchored below the depths at whi ch these 
moveme nts originate. Mere mass iveness does not 
insure s tabi l ity. This point is extremely important 
to bear in mind. Even a very large building is sub­
j ect to ver ti cal displacements beyond those toler­
a ble if it rests on a s ha llow foundation in expansive 
clay. 

3. CONSIDERATIONS IN SELECTING A SITE 

The most effecti ve precaution that ca n be taken 
to assure a bench mark's stability and survival is 
to choose a good location for setting it. Beca use 
the re is s uc h a wide va rie ty of s ituations that ca n 
be e ncounte red whe n setting the monume nts, it is 
impossible to cove r the m a ll in a manual. The ul­
timate selection of a s ite is necessarily left Lo the 
discretion of the mark selle r a nd it is imperati ve 
tha t good judgment be exercised . There are many 
things to cons ider. Table 1(page11) will help keep 
them in pers pective. 

Security 
Foremost on the li st of co nsiderations is the 

be nc h mark's susceptibility Lo damage or destruc­
tion, whi c h is probably the majo r cause o f be nc h 
mark dis turbance. ln view of the great expense of 
leveling, fores ight spent to preserve a monument 
is well worthwhile. Ant icipate construction that 
mig ht occur a t the locatio n. l s the site in the path 
of a future hi g hway, waterway, ditch , or pipe line? 
Will an adjacent shopping ce nter or pa rking lot be 
expa nded in the foreseeabl e future? Is the pro­
spective benc h mark site near a potentiall y active 
mine or quarry? Highway m ainte nance ofte n in­
volves the widening o f its s urface and the straight­
e ning o f curves.Setting the marks near the edge of 
the right-of-way and o n the outs ides of curves in­
creases thei r chances for s urvival. 

Conversely, the outsid e of a be nd in a ri\ e r 
s ho uld be avoided beca use erosion eve ntua lh 
und ercuts the ba nk. U nd ercutting ca n a lso occu.r 
o n shoreline scarps where stormy waters s lowly 
but sure ly wear away the emba nkme nt. Do not set 
bench marks al t hese locations. Flood plains 
s hou ld be avoided whe n otherwise comparable 
sites can be used because marks may be buried in 
sediment or was hed out. 

Often, s ites ca n be located whic h p rovide na tu ral 
protectio n fo r the monume nts. Lo~alions near the 
edge o f the right-of-way, well away from a high­
way s urface, provides protecti on from mowers a nd 
other maintenance vehicles. Prope rty fe nce lines 
and utility poles usua lly re main in place for )Cars 
and afford good protection for marks. Structures 
which a re of themselves not s uitable for bench 



mark settings prevent vehicles a nd equipme nt 
from damaging monuments tha t are set adjacent 
lo them. And finall y, private prope rly and publi c 
a reas such as parks and cemeteries provide excel­
le nt si les from a sta nd poi nl of s u rvi' a I. 

Utility 
Availability to users is another important co n­

side ration in c hoosing a be nch ma rk site. The 
maj or use of NGS benc h marks is to provide ver­
ti cal control for other surveys. If the be nch mark 
cannot be found or co nve ni ently leveled to, its 
worth is questiona ble. Many users first inadve r­
te ntly find a survey mark, then request i nforma­
tion a bout i l. Others use vertical descri plive in­
formation lo locate control poi nls nea r a proposed 
e ngineering project ; so locate be nch ma rks where 
they ca n be accurately described. 

Again, foresig ht must be used when selecting t he 
exact location. A bench mark set flus h with the 
ground is easily concealed with debris. A re there 
nea rby objects tha t ca n be used lo refere nce the 
monument? A re these objects fairly pe rmanent? 
Will the measurements define a precise point 
where the hidde n be nch mark can be found? 

To enable the mark setter lo situate a monu­
ment where its position ca n be accurately de­
scribed , a familiarity with refe re ncing tec hniques 
is required. Be nc h marks a re usually located in 
the followin g manner: First, directions a re give n 
lo the ge ne ral area in which the be nch mark is 
located. Normally, thi s puts the indi vidual within 
100 mete rs or so of the monument. Then the bench 
m ark is fou nd by following distances a nd direc­
ti o ns from promine nt reference objects. These dis­
tances and directi o ns establis h lines-of-posi tion 
( LOPs). The prominent objects are referred lo here 
as "ori gins." 

For example, a be nc h ma rk can be refere nced by 
s lating a dis tance and direction from the corne r 
of a house as follows: " The monume nt is 35.8 
meters northeast of the east corner o f the house." 
(See fi g. la.) In this case, the re is one ori gin a nd 
two LOPs. The origin is the east corner of the 
house. One LOP is referred to as "35.8 meters 
[from]. .. the east corne r of the house." It d efines 
a c ircle with a radius of 35.8 meters a nd its ce nte r 
at the east corner of the ho use. The other LOP is 
given as " northeast of the east corner of the 
house." It defines a line begin ning al the east 
co rne r of the house running at an azimuth of 45° 
east of north. 

At least two LOPs are required to d efi ne a point. 
If the description read only "35.8 meter s from the 
east corne r of the house," the bench ma rk could 
be anywhere on the circle with a radius of 35.8 
meters and a ce nter a t the east corner of the house. 
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Or, if the description read o nly " northeast of the 
east corner of the house," the mark could be any­
where on the line beginning al the east corner of 
the ho use and running a t an azimuth of 45°east of 
north. In either case, it would be difficult to find . 

Sometimes more tha n two LOPs are required to 
d efine a poi nl. " The bench mark is located 26. 7 
m eters south of the centerline of the highway and 
10.2 meters from a 40-centi meter oak tree." Two 
LOPs are give n by this statem ent, but they d efin e 
more than one point as ca n be seen in figure lb. An 
additi onal LOP, such as a direction from the waler 
tank or tree, is r equired for the uniqu e point to be 
loca ted . 

The important co ncept to be concluded is that 
the more nearly pe rpe ndicular the angle at which 
lines-of-position intersect, the more accura tely a 
position can be determined a nd the easie r it will 
be to locate. (See figs. 2a and 2b.) To apply this con­
cept to be nch mark setting, consideration should 
be given to the ease with which future recovery ca n 
be made from the refere nce measurem e nts. Othe r 
consi deratio ns in be nch mark placeme nt rarely 
restrict the s ite to s uc h a limited area that this can­
not be done. Leeway of just a few mete rs is u ua lly 
enoug h to make the diffe re nce between a mark 
that can be accurately refere nced a nd one tha t 
ca nnot. 

Stability 

Advantageous Topographi c Features 

Cres ts of hills a re good places to set benc h marks 
for three reasons. Fi rsl , the problem of s lo pe in­
stabi lity is e liminated . Eve n thou gh the neighbor­
ing hill side might be s liding, the summit will re­
main stable. Second , frost heave is less likely .with 
the increased separation fro m the water table., And 
third , the consiste ncy of the soil will le nd lo be 
more firm . 

Effect of Soil Grain S ize 
Whe never soil types ca n be ascertained , it is. 

preferable lo choose a s ite with coa rse-grained 
soils over one with fine-grained soils. Most of the 
proble ms associated with soil movem ents are at­
tributa ble lo the fine pa rticl es it contains. The 
traction of grain sizes less than 0.02 millimeter 
governs whe ther or not a soi I is frost s uscepli hie. 
Soils s usceptible to hig h volume change due to 
va ri a ti o n in moisture content are normally clays, 
whi ch are fine-grained. Also, poorly drained clays 
provide environments co nducive to corrosion. 
Avoid sites with fine-grained soils whe ne,e r a n 
a lterna ti ve is available. 

One way lo determine the type of soil in t he lo­
cality is to examine tha t whic h has bee n exposed by 
diggi ng, especially where a bank has been left 



N 

t 

corner of house 

(a) Bench ma rk referenced to house corner. 

---- ~ Highway 

Woter 

0 
Tank 

, .d\UI 10.2 "'•1 ,,..,. .,. .. ,, ,. 
a~ " ~ 

LOP# 1 - llne 215. 7 metero aouth ol ~ a l hlghwa 

\ ) 
a • ... 

OakQ 

,.. 
• Tree .... • <3 • poulbl• poaltlon• 

ot monument 

(b) Bench mark referenced to tree and road centerline. 

Figu re 1.- Referenci ng of bench marks. 

7 



ACTUAL LOP~ 

ACTUAL LOP 

ACTUAL 
POSITION 

(a) LOPs cross at right angles. 

· · ~ -+tr 1 . *!: . . , . 

ACTUAL 
POSITION 

, .. jf!'1u~-

ACTUAL LOP s 

~: 
( b) LOPs cross at sha llow angle. 

Figure 2.- l ntersection of l ines-of-positi on. Light s hade indicates range of measurement e rrors. Dark s hade indicates area in which 
monument could be found. 
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expo ed . Look at soi I grain s ize in nearby hi ghway 
cuts and excavations. Good dra inage is usually in­
herent in coarse-grained soi ls and therefore can 
also be used as a n indi cation. It can be recog nized 
by uniform colo ra ti on with de pth. 

Effects of Vegetation 
The prese nce of vegetation, particularly trees, 

has marked influence on the stability of the uppe r 
layers of a soil mass. Trees, underbrush, grass, a nd 
m oss act as insulation, reduci ng the depth of the 
active frost zo ne and thus ,reducing frost heave. 
However, the problem of expansive soil s is ag­
gravated by vegetation. In seasons of a bunda nt 
rai nfall , vegeta ti on exerts \ Cr)' little influe nce o n 
soil volume change. When the weather is dry and 
only a little free waler is avai la ble in the soil, trees 
a nd other pla nts draw even more out tha n nor­
mall y is lost through evaporation a nd lowering of 
the wale r table. This results in eve n g reater s hrink­
age. With trees, this effect occurs within a di stance 
from the trees roughly equal to their heig hts 
(Bozozuk a nd Burn 1960). 

t\reas co,ered with thick vegetation should be 
a ' oided e"e n where ex pansive soils d o not exist 
beca u e ' egetatio n will concea l a be nch mark, 
m a king it of much less va lue than one tha t is open 
to view. Do not place benc h marks near lone trees 
because this will subject the m lo disturbances 
from grow ing roots. 

Geological Co nsiderations 

It will not be feasible to determi ne the nature 
a nd exte nt of subsurface geological acti vity in 
man) instances. Nevertheless, it i an importa nt 
co ns id eration that s hould never be overlooked 
when the mea ns are available. A ge ne ra lly stable 
a rea m ay have pockets of unsta ble ground within 
it, and detailed geologi cal data are required lo de­
te rmine this. Cavern and unde rground mines, 
and water and oil bearing strata subject lo pump­
ing are especially prone lo ca use significa nt sub­
side nce. Bench ma rks e tablis hed strictly for geo­
deti c contro l s hou ld not be set in these areas. 

Geological information is avai I able through 
Federal , State, a nd even private organizations. 
General over views of kars ls (subterranean cavi­
ties), slope instability, and the like are available 
from the .S. Geological Survey. For more specifi c 
information o n larger sca le ma ps, the indi vidua l 
State Geologica l S urveys, ta le Departments of 
Natural Resources, unive rs 1t1es, and publ ic 
utilities comm ission mu l be contacted. Thee 
age ncies ca n provide pertine nt geologi ca l data 
including maps of unde rground mines, cavernous 
areas, s lope move me nts, a nd areas s ubj ect lo s ub­
s idence from the pumping of oi I, gas, or water. Li­
aison with these organizations is a necessity. 

Whenever possible, sound bedrock s hould be 
used for a bench mark selling. However, it is of­
te n difficult to determine whethe r or not a n out­
crop is indeed sound bedrock, the decision being 
based mainly on visual evidence of only the ex­
posed portion of the formation. Where a large por­
tion of the outcrop is exposed, try to e nsure that 
the part in whic h the disk will be set is esse nti al !) 
i nlacl with the res t of the outcrop. Large outcrops 
with widely spaced fra ctures a nd crevices can be 
co nsid ered bedrock for mark selling purposes. 
Where o nly a sma ll portion of the outcrop is vis­
ible, use a pry bar to ma ke certain the inte nded 
setting is not a separate boulde r. 

Exa mine the surface of the bedrock. Make s ure 
it is solid , a nd not in a s ta le of deteriorati on. The 
margin of weathered rock can be surprisi ngly 
thi ck. If its surface has begun lo crumble o r has 
deep fissures in close proximity, the outcrop is un­
sound and should not be used. Another type of 
bench mark will be more stable. 

o me sed i menlary rock contains detrimental 
clay minerals, such as monlmori llonite, but it is 
diffi cult to determine this. When geological maps 
or expert ad,ice indicates that sedimentary out­
crops a re expansive, they sha ll not be used for bench 
mark settings. A site must be loca ted in a structure 
or a noth er rock outcrop, or a rod type mark must 
be used. Expans ive bed rock wi II not be a probl em 
is if li es be neath sufficie nt overburde n because it 
will not be s ubjec t lo variations in moi s ture 
content. 

lruclura l considerations 
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Structures a re ubj ecl lo movements from any 
of the sources pointed out in c hapter 2. Fixing a 
be nch mark disk on a structure by no mea ns as­
sures that it will be a good geodetic control poi nl. 
Before setting the disk. dete rmine whether or not 
the structure wi II be al least as sta ble as a class A 
rod mark (page 14). If not, use the class A or B rod 
mark i nslead. 

Rela ting the stability of a large structure to that 
of a class A rod m a rk can be accompli shed by (l ) 
comparing the depth of the structure's foundation 
to the required depth for the sleeve (ta ble 2, page 
27), and (2) assuring that the structure i a multi­
story concrete, masonry , or steel unit. The class A 
rod mark s leeve is set to a depth below that affected 
by expans ive soils and frost heave. For compa rable 
stability, a massive structure's fo~ndation need 
not be as deep as the s leeve because the weig ht of 
the structu re can resist some of the force exerted 
by the g round whi ch te nds lo move it. Also, the 
structure itself will have a s hi elding effect on the 
soil below, making conditions suc h as te mpera­
ture and m oisture conte nt less va r iable. If its 
foundation is al least a quarter as d eep as a class A 



rod ma rk 's s pecified s leeve depth, a massive struc­
ture will be conside red stable. Sma ll s tructures, 
such as semaphores, co ncrete cuherts, platforms, 
retaining walls, bridges, etc., mu t ne, er be used . 
Very large bridges can be used onl) if it is posi­
tivel) determined that the structural member in 
which the di sk will be placed rests directly on 
bedrock. 

Si nee most structures are expected to settle both 
during and some time after construction, those 
less than 5 years o ld must not be used as settings 
for bench marks unless the foundati ons are on 
bedrock. C hoose a structure that has a long life 
expectancy. Modern buildings will probably re­
main undisturbed a long time, but make sure that 
they have not been too newly constructed. O lder 
buildings may las t a long time if the) have histor­
ical sig nifi ca nce. 

Ca uti o n must be ta ken to assure that the disk is 
placed in a s pot that is a n integral part of the struc­
ture's foundation or fixed rigidly to it. Placing a 
disk on an appendage, such as s teps e nteri ng a 
building, is unacceptable unl ess the appendage has 
its own foundation of sufficient depth. Avoid 
places whi ch might be damaged or covered during 
constructio n of an addition to the structure. 
Building e ntrances are especially susceptibl e to 
reconstruction. 

Miscellaneous Areas To Avoid 
As explained in the chapter on sources of in­

stability , s ites near water reservoirs and large 
rivers, where the water level is \ariable, ca n rise 
and fa ll due to rebound and compression of the 
soil. Thi s movement mi ght be thought by the lay­
man to be mi nor, but in te rms of precise geodetic 
measurements, it is not. Where possible, bench 
mark s hould be establi s hed a fe w hundred mete rs 
from the co nfines of these sources o f ground ac­
tivity. 

P e rmafrost has a stabili zing effect on bench 
marks a nchored to a s ufficient depth withi n it, but 
significant expansion and contraction of frozen 
ground due lo temperature variation ca n occu r to 
a depth of about 10 meters. A be nch mark anch­
o red below thi s depth can be expected to be quite 
stable. In regions where permafrost normally 
exists near the surface, thawing influences ca n 
keep the grou nd in an unfrozen condition to a 
depth greater than that whi ch is prevalent. ;\ n) 
body of water, such as a pond , lake, or river, will 
have this effect. Other influe ntial effects include 
buildings, roads, pipelines, and, in short, an) 
mark of civi lization. 

Corrosive Environment 
The rate al whi ch a materia l will corrode or 

deteriorate is affected by its environment. Two 

co nditions are required before corro ion can oc­
cur. (1) The metal being co rroded must be in con­
tact with an electrolyte, or liquid capable of con­
ducting elect ri c curre nt. This makes it po si ble for 
certain che mi cal reactions to occur. Electrolytes 
'ary wi dely, ranging from a minute amount of 
nearl) pure water formed by conden ation, to sea 
wate r. (2) There must be a dissimilarity in two 
a reas of the surface being corroded. This could 
result from the prese nce of strains or inclusions 
in an a ll oy, the co ntact of di ssimilar metals, or a 
multitude of possibiliti es between thee ext remes. 

Em i ronmental fa ctors gove rning the corrosive 
character of a soil are principally the degree of 
aeratio n and the prese nce of wate r-soluble salts. 
Aeration is important because many metal s need 
oxygen to forO) a den e, tough layer of metallic 
oxide on their surface , which preve nts further 
corrosion by isolating the re maining metal from 
the e lectrolyte. Aluminum and s tee l protect them­
seh es in this manner. In addition, whe n one area 
of a metal is in an environme nt with a good up­
ply of oxygen while another area lacks oxygen, a 
co ndition of dissimilarity is set up in which cor­
rosion is accelerated. An exa mple of this can be 
see n in a partia lly submerged piece of iron. T hat 
portion a bove water is supplied with more oxygen 
than the portion below waler. At the waterline 
these di ssimilariti es a re close to one another , re­
sulting in inte nsified co rrosion. 

Wate r-soluble salts have an effect on co rro ·ion 
in two ways. First, the ions that form when salts 
dissoh e improve the capability of the electrolyte 
to ca rry curre nt. The greater t he abi lit} of the elec­
lrol}te to carry current, the faster corro ion wi ll 
occur. In both atmospheric and unde rg round co r­
rosion, wate r is normally the e lectro!) ti c medium. 
Water with dissolved sa lts is a bette r e lectrolyte 
than pure water. The salts most often found in 
hi g hly corrosive soi ls are odium chloride ( aCI), 
commonly known as table sa lt, sodium sulfate 
( a,SO.), calcium c hloride (CaCl2), magnesium 
chloride (MgCl.), potassium sulfate (K2SO,), a nd 
ca lcium bica rbonate (Ca(HC03}.) (Roma no ff 1957). 

The second effect of wate r-soluble sa lts is the 
i nfluencc they have on the formation of the d e nse, 
toug h protective layer whic h forms on the s urface 
of ce rtain meta ls. Sometimes this laye r cannot 
form in the presence of various ions. For exa mple, 
a luminum is normally quite noncorrosive beca use 
a luminum oxide qui ckl y fo rms o n its surface. 
However , in the presence of dissolved sa lts, the 
oxide layer does not form densely e nough to pre­
.,,ent infiltration of the electrolyte, so corro ion 
continues al a hig h rate. 

Of the types of monuments whi ch may be used 
in the National Vertica l Control Network, onl} the 
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Table J .- Summary of measures taken to set high-quality bench marks 

COUNTERMEASURES 

(Discussed on page no. shown in 
pa re n theses) 

Use disk set in bedrock (13) 

Seek coarse·grained soi ls (6) 

Seek well-drained soils (9) 

Seek well ·aerated soils (10) 

Set on crests of hi lls (6) 

Seek soils with high resistivity ( 12) 

Natural/readymade protectiona (5) 

Anticipate future constructionb (5) 

Set near edge of right-of-way (5, 12) 

Bench mark design (3,12,14) 

Anchor sleeved rod below level of dis­
turbance (14) 

Set disk in massive, deep structure (9) 

Historically significant structure ( 10) 

Modern buildings (10) 

Remain distant from thawing effectsC 
(10) 

Ensure good referencing (6) 

Avoid heavy vegetation (9) 

Avoid river banks (5) 

Avoid flood plains (5) 

Avoid shoreline scarps (5) 

Avoid salt water shorel ines (12) 

Avoid areas as determined by geological 
datad (9) 

Avoid expansive bedrock (9) 

Avoid new structures (less than 5 years 
old) (10) 

x x x x x 

x x 

x 

x x 

x 

x 

x 

x x x x 

x x x 

x x x x 

x 

x 

x 

x x 

x 

Blncludes fence lines, utility poles, structures. and private and public grounds. 

b 1ncludes high....,ys, perking lots, buildings, pipelines, and waterways. 

c 1ncludes lakes. rivers, buildings. and pipelines. 

x x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x 

x 

x 

x x 

x 

dQverviews of karsts. slope instability. shale outcrops, oil and gas bearing formations. etc., from the U.S. Geological 
Survey. States' Geological Surveys, States' Departments of Natural Resources, and public utilities commissions. 
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class A and B rod marks (pages 14 a nd 25) are par­
ti cularly vulnerable to corrosion. The rods for 
these marks will unavoidably be placed in corro­
sive soils. As a protective measure, the rod is made 
of type 316 stainless steel , whi ch is more resista nt 
to corrosion in nearly all environments than other 
affordable alloys. Even so, steps ca n be taken to 
increase its life. It is most susceptible to corrosio n 
in poorly aerated environme nts and those in whi ch 
there are ch lorides. 

Iron compounds are commonly contained in 
soils. Well-aerated soils are generally recog nized 
by their red, yellow, or brown colors resulting 
from the oxidation of these compounds. Sites with 
these soils should be sought for bench mark set­
ting. Poorly aerated soi ls are usually gray in color 
due to the lack o f suffi cient oxygen to oxidize the 
iron compounds. They may also be ide ntifi ed by 
their poor drainage characteri stics. 

A void a reas where there is a high co ncentration 
of chlorides. When setting marks along highways, 
keep the m at least 10 m eters from the road sur­
face where heavy sa lting might be done in winter; 
setting along the edge of the right-of-way is gen­
erally a good practice. Although it will sometimes 
be impossible due to project require me nts, try to 
avoid salt wate r s ho re Ii nes. When the purpose of a 
project is to provide shore Ii ne co ntro l, stay off the 
beach if project instructions will allow. 

Finally, if the mea ns are available to measure 
soil resis tivity, a good indicatio n of the corrosive 
characte r of a soil ca n be obtained. The more re­
sistant a soil, the poorer the e lectrolyte, a nd con­
seque ntly, the less corrosive it will be. 

Safety 

If a monume nt exte nds be low ground level, 
the re is a c hance of e ncounte ring underground 
ca bles or pipes when installing it. This is especia lly 
true when dri Iii ng a hole for the s leeved class A rod 
mark(page 18),and the s ituation is more criti ca l in 
urban areas tha n in rural areas. Evidence of under­
ground utility lines often ca n be observed at the 
surface. W aterlines are marked by valve boxes at 
most street intersections. Avoiding the line be­
twee n valve boxes will decrease the cha nces of 
hitting a pipe. Also, fire hydrants indi cate where a 
water main lies. H ydra nts usually are placed with­
in a meter of the Ii ne a nd to the side away from the 
street centerline. Most water a nd sewer Ii nes lie 
unde r the road surface, but some are placed ad­
jace nt to it. Avoid the area between the stree t and 
si dewalk. 

T e le phone and e lectri ca l ca bles are normally 
laid from 1/ 2 to 1 mete r below the surface. Hous­
ing developments built in the 1960's a nd late r are 
much more apt to have unde rground cables than 
those built before that time. The absence o f te le-

phone and powe r poles is conclusive evide nce that 
there are unde rground ca bl es in the area, but the 
presence of poles does not necessa rily d ictate 
otherwise. Buried te lephone lines usually run di­
rectly between junction box pedestals or between 
tel ephone poles. Electrica l cables may be run ad­
jacent to telephone lines. Where an electri c a p­
pliance s uch as an air conditioning unit or flood 
light is located apart from other structures, an 
underground ca ble to it would probably run di­
rectly from a metering device. Stay clear of that 
path. 

Gas lines are harder to detect. Meters and \ a lves 
a re helpful if they are not too far apart. As with 
telephone cable pedestals, do not drill on a direct 
Ii ne be twee n them. 

If circumsta nces permit, the best way lo avoid 
problems is to co ntact the local metropolitan util­
iti es commissions. Underground pipe and cable 
information ca n often be had by calling one cen­
trali zed office which maintains liaison with all the 
various utility companies. When it is possible lo do 
reco nnaissance a few days in advance of the actua l 
mark setting, this alte rnati ve will be efficient. If 
this is not possible, it is advisable to use a pipe and 
cable locator for detecli ng conductive mate ri a ls 
underground. However, these devices ar e not in­
fallible. Plasti c, unreinforced co ncre te, and clay 
tile pipe will not register on them. Get into the 
habit of looking for "Buried Cable" signs. A nd 
finally, set marks nea r utility poles, but not on Ii ne 
between the m when other co nsiderati o ns in site 
selecti o n will a llow. Utility poles ca nnot be set over 
wate r and sewage pipes. 

4. INSTALLATION 

Maintaining Good Public Relations 

The purpose of the Federal Gove rnment is to 
se rve the public. P ertaining to the establi shme nt 
a nd mai nte na nee of geodetic co ntrol , this pri nci pie 
has al least two appli cations. One is lo gain the un­
d ers tanding and good will of the public. Another 
is to project the credibility of the National Ocean 
Sur vey/ National Geodetic Sur vey throug h the 
visible evidence of its mission-survey control 
markers. 

These objectives ca n be accomplished with only 
a little extra effort. Always obtain pe rmission from 
the la ndowne r when selti ng bench marks on pri­
vate property. Responsibl e officials must be con­
sulted when a pros pecti ve site is located on public 
or corporate land. If approached in a polite and 
tactful m a nner, a hesitant individual ofte n can be 
persuaded to permit installation at the des ired s ite. 
Most ci tizens ca n be co nvi need to take personal 
interest in having a be nc h mark carrying NGS's 
d istinction on their properly. Appeal to the indi-
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vidual's public spirit. Explain what be nch marks 
are used for, the need for thei r stability and dur­
ability, and the expense involved with replacing 
them. The setting of be nc h marks provides an ex­
cellent opportunity lo make the publi c awa re of 
NOS/ NG activities. Under no circ ums tances 
s ha ll a bench mark be installed on an unwilling 
prope rl) owner's land, the re by provoking hosti l­
ity toward the Federal Governme nt. 

The importance of a clea n, neat installation ca n­
not be overemphasized. ot only does it he lp 
ma intain fri e ndl y relations with the local citize ns, 
but it also upholds the estee m of the Federal 
Government. S loppy be nc h mark installa tion by 
a few ma rk sellers could understa ndably lead users 
lo beli e ' e that the whole level ing program is run 
in a ha phaza rd ma nner. Do not a ll ow this to 
happe n. 

Special Considerations at Line Intersections 
Level line intersections are of prime importance 

when it comes to m athema ti cal adjustme n~ of a 
"erti cal control network or porti on of it. Juncti on 
points a re used for the initi a l adjustm ent of the 
S) stem. Inte rmediate e leva ti ons a re not take n 
into account until a fter this initial phase of the ad­
justme nt. As a result, no elevations can be better 
than those a t the junctions; therefore, only the 
highest quality bench marks s hould be used there. 

Sound bed rock s hould be used for these points 
if at a ll poss ible. Relocating the point of inte r­
section as much as 10 kilometers to take adva ntage 
of an outc rop would not be unreaso nable. Whe n 
outcrop ofsoundbed rocka re not available, choo e 
the next bes t location following the guidelines 
e nume rated in chapte r 3. Othe r than bedrock 
marks, onl ) dis ks in structures a nd class A rod 
marks as ex pla ined in succeeding sections are 
permissible for firs t-ord er junction be nch marks. 

Once the loca tion is found , s te ps must be ta ke n 
to pre e rve the junction b) placing supple menta l 
monume nts nea rby whic h ca n also sen e as junc­
tion point . In the eve nt the primary monument is 
de lro) ed, the integrity of the network will re­
main. At intersections of two first-order lines, a 
minimum of three monume nts s hall be placed not 
less tha n 0.5 kilo meter a part. A t intersecti ons of 
firs t- and second- or two seco nd-ord er lines, a 
minimum of two monume nts sha ll be placed not 
less than 0.5 kilometer apart. Junctions with third­
o rder lines need no pecial co nside ration. In all 
ca es, lr) to select sites that will not a ll be de­
s lro~ed b) one com m on ca use such as the widen­
ing of a highway. 

Dis k Set in Bedroc k or tructure 
Sound bedrock is the most desirable setting for 

a be nch mark. Besides the ease with whic h a di sk 
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can be install ed in bedrock, it provid es the most 
s table setting that can be used in terms of both 
unde rground act ivi ty and di sturbances infli cted 
by people. Always use bedrock when a suitable out­
crop exists. As a rule of thumb, the bedrock is good 
if thed istancebetwee n joi nts and fi ures is greater 
than l meter. 

The National Geodeti c urve) bench mark disk 
(see fig. 3) i made of brass or bronze. It is about 9 
ce ntimeters in diameter and has a sphe ri cal sur­
face to support the foot of the leveling rod. I n­
formation is imprinted o n this urface to ide ntify 
the monume nt and to aid the user in obtaining 
data on it. This logo is recessed so that it does not 
inte rfe re with placement of the leveling rod. i\ 
deformed hank, about 7-1/2 ce ntimeters lonp;, is 
s ilver-soldered to the bottom surface of the di sk to 
help prevent the disk from bei ng dislodged. Disks 
with tubular s ha nks ca n also be used. 

The step-by-s tep procedure for setting the dis k 
in bed rock is as follows : 

l. Stamp the designation and yea r on the top s ur­
face using 4.75-millimete r (3/ 16-inch) steel 
di es. 

2. Pick a fa irl) level a nd acces ible pot on the 
outcrop that is intact with the bulk of the rock. 

3. Drill a 2-1/ 2-centi meter hole about JO centi­
meters into the bedrock and recess the area 
urou nd the lop of the h o le to a d iamele r 
s li ghtly larger than that of the disk. When the 
installation is completed, the top surface of the 
disk should set level and flu h with the sur­
rounding rock. Caution: a fety goggles should 
be wo rn when drilling into b edroc k o r 
maso nl') . 

4. Rem ove the rock powd er from the hole and 
recessed area a nd fill the hol e with clean wa­
ter ; then pour ceme nt into it. Mixing of the in­
gredi e nts is done right in the hole. By uddi ng 
more water and ceme nt, make e nough mortar 
so that a n extra a m ount is a ' ailable to place on 
the underside of the di sk and, if applica bl e, 
inside the shank. Whe n the mortar is co m­
pl ete ly mixed , it s hould be thick but still 
workable. 

5. Fi ll the depression on the unders ide of the dis k 
with mortar. For disks havi ng tubular s hanks, 
also fill the sha nk with mortar. This is very i m­
porta nt because it will preve nt the exi ste nce 
of hi ghly undesira bl e "oids unde r the disk 
once it i in pl ace. 

6. Place the shank of the disk into the drill ed 
hole and press the mark firml y into place. 
Work the exce s mortar a round the oute r edge 
of the disk, making sure that it is sm ooth a nd 
flus h with the top surface. An exposed edge of 
the disk would prov id e an area whic h could be 
used by someone to dislodge it. Fres h mortar 



Figure 3.- 'iG bench mark disk sta mped wi th designation and )ear . 

on Lhc uppe r surface of Lhe di sk ca n casil ) be 
cleaned o ff. 

7. Sprinkle some dry ccmenl o n lhc ex posed sur­
face of lhe dis k ; lhe n rub it wilh a clea n rag 
u ·i ng circular slrokes. Thi wi ll c lea n lhe dis I.. 
.. e r) nicel), re mO\ i ng a ll excess morla r fro m 
ils surface and recessed lellers. Rubbing lhe 
wel morla r a round lhe edge of Lhe d isk in lhe 
sa me ma nner will do no ha r m . O n the co n­
lrar)', lhi s is o fle n done inle nli o na ll ) lo finis h 
ils surface a nd pre ve nl cracking. Brus h away 
loose ce mc nl a nd make sure lha l lhe fini s hed 
producl has a ve ry neal appea ra nce. 

8. If lhe re is a nea rby crevice or pol of ground in 
whi c h a wilness post ca n be co m e nie nll ) sel , 
this s ho uld be d o ne. 

9. While lhe m orta r is sLill wet , it must be CO \ · 

e red to preve nl hea vy rains fro m ruining its 
surface a nd to conceal the disk from peopl e 
who mi ght ta mpe r with it. A piece of wood , 
cardboard , hea vy paper, o r similar bi odegrad­
a ble item will s uffice. 

10. The i ns ta ll a tio n is not complete unlil a ll ac­
cumula led lra h has been p icked up. Lea ve lhe 
place i n good o rde r. 

In selling a disk in a mas h e co ncrete o r ma­
so nry struclure, first make sure the s tructure is 
stable. Its foundati o n must exte nd lo a depth tha t 
equals or exceeds 25 pe rce nt of the s pecifi ed depth 
of the sleeve for the class A rod ma rk, as indica ted 

in ta bl e 2 (page 27). Furlhermorc, lh e founda tion 
must be at least as d eep as the maximum dep th of 
fros t pe netra ti o n indi caled o n th e map in fi gure 13 
(page 3 i). 

T he dis k ca n be mounled ve rli call ) in lhe wa ll 
of a i:.lruclure, bul s hould a lwa)S be i:.e l ho rizo n­
la ll} i f possible. The procedure fo r selling a dis k 
ho ri zonla ll ) i n a lruclure is ide nlical lo lhal fo r 
selling o ne in bedrock. Ma ke sure sa fel) goggles 
a re worn whe n drilling inlo masonr)' o r concrcle. 
S i nee for a verlieal selling lhe hole for lhe dis k's 
s ha nk musl be drilled hori zonlall ), lhe morla r 
musl be mi xed sepa rale l). When drilling inlo 
b rick o r olher sofl m aleria l, a ha mme r a nd sla r 
dri ll s hould be u ed , ra lher tha n hea'y power 
equipme nt, lo pre .. e nl exle nsi' e da mage lo lhe ex­
le ri o r. The ho le s hould be welled before morla r is 
pul i nlo it. Afte r placing lhc shank of Lhe disk into 
Lhe m orlar filled ho le, work il to Lhe bollom edge 
of Lhe hol e so tha t it will nol seltlc askew while lhe 
morla r is curing. 

Class A Rod Mark 
The class r\ rod m a rk i lo be used whe ne\ e r pos­

si ble whe re sound bedrocl.. a nd sub tanl ia lly 
sta ble slructures are nol a \ ailable. The top of a 
steel rod ser ves as the da tum point. The rod itself 
a ncho rs the da tum point to a sta ble stratum of 
soi I. 1 n m ost a re as a s leeve is required to isola te l he 
rod fro m soil moveme nls occurring a bove the 
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stable stratum.$ ( ee fi g. 4 .) This s leeve is omitted 
where no soil move me nts are expected. \t the sur­
face an e ncasem ent a round the datum point pro­
' ides protection from impact and informatio n to 
the user. (See fig. 5.) 

The rod is assembled from sect ion,, of 1.43-cc nti ­
mete r (9/ 16-i nch) type 316 stainless steel' coupled 
with threaded studs of the same m aterial. The 
s lee ' e is _made from 2.54-centimeler (1-inc h) 
c hedule 40 pol ) \in) I c hloride (PVC) pipe "ith 

fittings to couple the secti o ns. The a nnular s pace 
between the rod and s leeve must be fill ed to pre­
'enl wate r from infiltrating it. If wa te r is a ll owed 
lo seep into this s pace, two probl ems will a ri se : 
corrosio n "ill occur; a nd when the water freezes, 
stresses betwee n the s lee' e and soil will be trans­
mitted to the rod. The substance used as the fille r 
s hould he a grease or g rease-like product with a 
cons istency that will remain soft a l cold te mpera­
tures. It must be insoluble in wate r, nonco rros ive 
lo the rod a nd s lee\e, and mus t ha ' e a n extre meh 
lo ng Ii f e expecta nc). . 

The caseme nt co ns is ts of a 12.7-ce ntimeter (5-
inch) PVC pipe, 1/2-meter long, fitt ed with a n 
a luminum fl a nge around its top edge. The fl ange 
is imprinted with the s ta nda rd information that 
accompani es all be nch mark monume nt a nd is 
s tamped with the s ta t ion's desig nation a nd ) Ca r. 
Jts inside edge is recessed lo accommod ate a hinged 
a luminum cover. This a rrangeme nt is p laced a­
round the top of the rod , s li ghtl) below ground 
level. Approxi ma tely 20 lite rs (2/ 3 cubi c foot) of 
concrete is the n poured around it to hold it firml) 
in place and to aid in recover) o f the monume nt if 
it beco mes buried . 

This type of monume nt has been designed to 
pre,ent nea r-surface soil move me nts from cha ng­
ing the be nch ma rk elevation. The two major 
kinds o f move me nt it ca n counte ract a re fros t 
heave, a nd s hrinking and swelling of expansive 
soils. Averting these m ovements is accompli shed 
by exte nding the s lee ' e to the maximum depth to 
which these soil movements are ex pected to occur. 
Then the rod assembl) , after bei ng placed i ns idc 
the s leeve, is drive n or pressed into the soil so that 
it is anc hored below the s leeve, and conseque nt!), 
below the layer of disturbance. 

When frost hea'e can occur, the s lce'e is placed 
to a depth three times as g reat a;, the maxi mum 
fros t pe netration indi cated in fi gure 13 ( page 34). 
Whe n any type of upright, such as a post , pile, or 
pipe, is subject to fros t ac ti on, the upward motion 

• Altho ugh it is some what detrime ntal from a corrosion 
s tandpoint, the sleeve is normally essential for stability. 

• This a lloy has the optimum combination of iron, nicke l, 
a nd chromium to combat corros ion in both weight loss a nd 
pit depth, and yet remains economical. 
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ca used by frost heave is normally greater tha n the 
subseque nt settle me nt afte rthe ground has tha\\ed. 
Unless there is a n oppo ing force, the object wi ll 
e \enlua ll) be ejected fro m the g round . A slee'e 
placed to three times the depth of frost will ha, e, 
in nea rl ) a ll instances, e noug h fri ction betwee n it 
a nd the soi l below the froze n layer to res is t the 
upward force of frost heave. In any case, the jack­
ing effect of frost acti o n will be re tarded . 

Consolidation of a soil mas ca n be co unteracted 
with thi s be nc h m a rk when i t is p laced to a s uf­
fi cient depth. As lo ng as the s lee' e isola tes the rod 
from the soil whe re consolid ati o n (o r re bound) ca n 
ha\ e a n effec t, move me nt fro m thi s ca use will not 
cha nge the be nch mark's eleva tion. T o be u ed 
effecti'el) in this manne r, a geologist or soi ls ex­
pert must d e t e rmin e where these mo ve m e nt s 
occur. 

It is sugges ted that o ne of two methods be used 
to place the 2.54-centimeter (1-inc h) PVC slee, e, 
though other methods mi ght also pro\ e effecti , e. 
(1) Where the soil is self-supporting, the cleanest 
a nd qui ckest method is lo use a small diameter, 
co m enliona l flight auger. Briefly, a hole is drilled 
to the s pecifi ed depth of the slee,e, the string of 
a ugers used in drilling the ho le is re tracted, and 
l he slee' e is lowered i nlo l he hole. (2) Where l he 
soil is subject to ca,ing, as in a loose dry sa nd, or 
in working below the wate r table, a hollow-ste m 
auger ca n be used. The auger is drilled lo the 
s peci fi ed de pth, the be nc h ma rk sleeve is lowered 
into place throug h the auge r, and the a uger is 
retracted , leaving the s lee' e in place. 

When it i unknown whether or not a hole will 
support itself, use the come nti o na l flight auger. 
If the hole caves before the be nc h mark s leeve ca n 
be lo" e red i nlo it , sta rt O \ e r usi ng a hollow ste m 
auger. Once some experience is gai ned in a pa r­
ticula r region, the ma rk sette r will intuiti, e l) 
know whether a co nve ntional a uger will like ly 
s uffi ce or if effi cie ncy would be lost in this tria l­
a nd-error met hod. 

A suggested routine using the co nven ti onal 
fli ght a uger is given next. o me o f the ste ps need 
not necessa rily be ta ke n in the prescribed order. 
Experience will di ctate the m ost effi c ie nt ma nne r 
for a pa rticular crew. O ne crew's m ethod is pi cto­
rial!~ illus tra ted in figure 6 (pages 20-24). 

WARN ING: Precautions must be taken before 
drilling into the ground. Underground pipes 
and cables can be damaged and can also cause 
damage Lo drilling equipment. Conceivably, 
injury or death could result f rom drilling into 
an electrical cable or gas line. {See "Safety," 
page 12.) 
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1. Ma neU\ er the drill into posit io n with the ro­
ta r} head situated o ' er the spot where the 
monume nt is to be placed. W he n the s ite is on 
a n incli ne, the ve hicle should be facing uphill. 

2. Le, e l the ' c hicle with the s ta bilizing jacks. A 
ca rpe nte r's le, e l ca n be placed \. e rti ca ll ) a­
gai nst the drill head ma t to make sure it is 
plumb both lra nsversel) a nd longi tud ina l! ) . 

3. W he re neat la nd sca ping must be prescn ed , 
place a 2- mete r squa re la rpa uli n on the g round 
a nd drill through a l / 2-mete r ho le cut in it 
ce nte r. 

l. Bore a hole 30 ce ntime ters i n d ia me te r to a 
depth sli ghtl ) m ore tha n 1/2 me ter fo r the 
p rotecti' e fl a nged e ncase me nt. Thi s ho le will 
be filled with soi l during subseque nt ope ra­
ti o ns, bu t the objecti 'e i to loose n the soi l in 
prepa rat io n fo r setting the encase me nt. 

5. Co nnect a n appropriate bit to the fi rs t sec·tion 
of a sm all diameter conve nti o nal fli ght a uger 
a nd begin drilling a hole to the req uired slce' e 
depth. Depth fo r slce' es set wi thin the con­
tine nta l U nited S tates a re specified in table 2 
(page 27). se fi gures 7 through 13 in conjunc­
ti on with thi s ta ble to de te r mi ne the depth. 
Use the deepes t depth ind ica ted whe n a \a riet) 
o f cond i ti o ns exists. In regions outsid e the 
conterminous States, the sleeve s ha ll be pl aced 
to a d epth of 10 meter . Example for dcter­
mi ni ng t he depth a re gh e n in appendi x E. 

6. W he n the required depth is reac hed, pull t he 
a uge rs straight up with no rotati o n to keep the 
hole clea n. Before rc movi ng the last secti o n of 
a uge r, clea n the loose soil ou t a nd a.way from 
the hole bo red i n step 4. Afte r a ll the fli ghts 
have bee n retri eved , move the rota r) drill head 
off the ax is of the hole to pro' ide cleara nce fo r 
the nex t steps. 

7. \ttach a ppropri ate fitting to o ne e nd of a 
2.54-ce ntimele r ( I-inc h) P C p ipe lo reduce 
the insid e dia mete r to J.59 o r l. 90 centimete rs 
(5/ 8 o r 3/ 4 inch). Lowe r the pipe into the hole 
with the reduced e nd down, the n connect a nd 
lowe r mo re sections of pipe as requi red . The 
last section to be assembled must be cut to 
le ngth so that whe n the bo ttom of the ho le is 
reached , the top of the slee' e will be a bout 25 
ce ntime te r be low the surface of the g round . 
Fi na il), glue a fe ma le slip-to-thread ada ptor to 
the top of the leeve. This " i ll be used to ma ke 
connecti o ns to a grease pump for filling the 
a nnul a r space with lubri ca nt. 

8. Assemble the J.43-ce nti mete r (9/ l 6-i nc h) 
sta inless steel rod and lowe r i t i nto the sleeve. 
lf a lo ng, unwie ld y le ngth is requi red , the rod 
may be coupled whi le it is be ing lowe red into 
the sleeve. T o obtain ti ght joints, finger ti ghte n 
the m a nd the n a ppl} one-qua rter turn more. 

9. Whe n the rod assembl} rests i n the bottom of 
the ho le, it must be pressed o r dri \en i nto the 
soi l be neath the slee, e. Alte rnatel) couple a nd 
dri ve m ore secti ons of rod unt il it resists a 
d ow nwa rd sta tic fo rce of 250 kil ogra ms; but 
make su re a t least l meter of rod exte nd below 
the slee ... e. In cla), d ri,ing m a) be te rmi nated 
if the 250 kil og ra ms of resista nce a re not met 
afte r 10 meters of rod ha ... e been dri, e n. 

Ca re must be ta ke n not to defo rm the e nd of 
t he rod being dri, e n, o r cou pli ng of the next 
secti o n will be difficult. 1 n the e ... e nt re fusa l is 
met before the m i nimu m of l m ete r is dri , e n, 
the rod a nd sleeve must be pulled up, a nd the 
ho le must be drill ed to the de pth at which the 
rod will ultimatel) be placed (1 mete r bel ow 
t he slee ... e). ew soil , soi l m ixed wit h ceme nt, 
o r concrete mu t the n be compacted in the 
bottom of the hole lo provide a good a nchoring 
m ateria l for the rod . In cases where soil m ixed 
"ith ceme nt or concrete is used , extre me ca re 
must be ta ken to p re, ent the lee\e fro m be­
co ming e mbedded in the a ncho ri ng ma te ri a l, 
o r move me nt of the sleeve will be transmitted 
to the rod . O ne " a) lo do this wou ld be to 
d ump a la)er of t he o rigina l soi l O\er the a n­
choring ma te ria l to p ro' ide a bu ffer betwee n 
it a nd the bottom of the s leeve. If a la rge ob­
s truction m akes it impossibl e to drill to the 
required d epth, the a nchori ng m ate ri al must 
be compacted i n t he bottom of l he ho le lo a 
depth I mete r abo' e t he obs tructi on. Adjust 
the sleeve le ngth accordingly a nd ta ke preca u­
ti o ns to isola te i t from t he a ncho ri ng ma te ria l. 

10. Provide the top of the rod wi th a sui ta ble high 
point on which a le ' e li ng rod ca n be up ported. 
This may be d o ne in one of three ways. (1) 
W he n the depth lo whi ch the rod will be d ri v­
e n i know n i n ad, a nce, use a pre rounded top 
sect ion for the last le ngth of rod to be cou p led . 
(2) Cut off the rod whe n the p rope r depth is 
reached and round the lop with a fi le. O r (3) 
crimp a type 316 stai nless steel cap wi th a 
hemisphe ri cal e nd o nto the top of it. 

I J. Pump the fille r into the a nnula r space betwee n 
the rod a nd slee, e, ma ki ng s ure no void a re 

' The 250-kilogra m resis tive force can be determined in­
direc tly b y relating d yn amic resistance to dri ving r a te. Ig­
noring e nergy losses, the work d o ne in drivi ng the rod equals 
the e ne rgy output of the dri ving equipme nt. Fo r a dro p 
hamme r, the R esistance offe red by the soil times the se t 
(penetration pe r blow) equals the Weight of the hamme r 
times the Height from which it was dropped (R = WH). For 
a gasoline p owe red impact hnmmer , the Resis tnnce Limes 
the set equals the effecthe Energy output of the impnct 
hnmmer (Rs = E) . Since the ultimate bearing capacity un­
d e r s tatic load is us ually m a ny times the driving resista nce, 
this relationship will yie ld conservati ve res ults if R is set to 
250 kilograms. 
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left. \pproximatel) 1/ 3 lite r (O. l gallon) of 
fill e r is needed for each me te r of sleeve. Dur­
ing this ope ration, the s lee' e may ha .,,e lo be 
lifted s li ght!~ to allow a ir to esca pe from its 
botto m . W he n the e ntire pace is fill ed , place 
a 1..13-ce nti me te r (9/ 16-i nc h) ID (insid e d i­
a mete r) X 2.54-ce ntimete r (l inc·h) O D (out­
side dia me te r) " O" ring o r ruhhe r bushing 
a round the rod inside the top of the sleeve just 
be low the ada ptor. This will sc n e Lo s tead ) the 
rod fo r the process of diffe re ntial lcveli ng. It 
will a lso sta bili ze the rod ho ri zo ntal! ) in the 
e \ e nt the ma rk is someda) u;,cd a lso for ho ri­
zo nta l co ntro l. 

12. Backfill the hole around the be nc h ma rk 
s lee' e with soil. Muc h of the soil brought to the 
surface durin g the drilling o f the ho le ca n be 
di sposed of in this manne r. Make sure the 
s leeve gets firml y impacted in the hole in case 
the mo num ent is e ' e ntua ll y used a lso for ho ri­
zo nta l contro l. In a reas subjcel to f rost hea ' e, 
i t is desira ble to u ea clea n sand in the upper 
e nd of the hole to the d epth of maximum frost 
pe ne tra ti o n. 

13. Clean the soil out o f the 30-centimeter ho le 
a round the be nc h mark slce.,,c to a d epth o f 
about 30 ce ntimeters. Pl ace a l / 2- meter le ngth 
of 12.7-ce ntimete r (5-inch) PVC pipe a round 
the rod a nd s leeve so t ha t the) are ce ntra l! ) 
located within it. Press or dri' e the pipe d o" n 
until it1-. to p ed ge is a bout 5 cent i meters belo" 
the surface of the ground a nd 10 ce nt imeters 
a bo' e the top of the rod. Fill the protecti\ e 
pipe a round the s lee' e with soil until about 2 
to 4 centime te rs of the leeve and 10 ce ntime­
ters of the rod are exposed. 

l4. S ta mp the be nc h mark desig nation and yea r in 
the a rea provided o n the a luminum fl ange 
suppl ied fo r the to p of the protecti' e P C 
pipe. The n fit the fla nge a nd co.,,er O\ e r the 
p ipe. 

15. Mix a bout 20 lite rs of concrete, the a pproxi­
ma te a mount produced by the comme rcia l! ) 
a\ aila ble 36-kilogram (80-pound) bag of pre­
mi xed co ncre te. Pour the concre te a round the 
pipe a nd flange and ta mp it into place. Fini s h 
the s urface o f the concre te so that it is flu h 
"ith the top surface of the fl a nge a nd it lo pes 
ge ntl ) away fro m it. Th is is importa nt beca use 
no exposed edge will be left to facilita te re­
mova l o f the flange, a nd wate r will dra in a \\ a) 
fro m the access co ver rathe r tha n into it. Re-

d r ill ed ho les. P ick up t ras h which has accumu­
lat ed during the insta llati o n. Fina l!), set a 
tempo ra ry co, er i ng over the wet concre te to 
s he lte r it unt il it cures. 

The p rocedure fo r placing a slee, ed be nc h ma rk 
using ho llo\\-ste m a uge rs is nea rl ) the sa me, with 
the foll owi ng excepti o ns: 

I. i\ h e r ho ri ng l he 30-t·cnti mete r ho le for the c n­
eascme nt, a ttac h a n a ppropri a te culle rhcad to 
the first ecti o n of a s ma ll di a meter , holl ow­
stc m a uge r. \t the time o f this writing, the 
s ma ll est know n a ' ai la bl e size has a 5.7-cc nt i­
mc te r (2-1/ 4-i nc h) I 0 a nd a 12. 7-ce nti mete r 
(5- inc h) OD. F it the cutte rhead "ith a dis pos­
a ble knockout plug. Plas ti c is preferred lo a 
wood plug whi ch could swe ll whe n used in a 
we t e nvironme nt, making its re moval difficult. 
Never use a meta l plug unl ess it is type 3 16 
s ta inless teel. Co ntac t of di ssimila r metals in 
the compl eted install a ti o n must be a ' o ided . 

2. Dri ll lo the required s lee'e depth i n s ueh a 
ma n ne r a to bring as little soi l to the s urface 
a~ po ' ible. T his is accomplis hed b) combining 
proper s peeds of rotati o n a nd feed to obtain a 
Sl' rewi ng effect ra the r than a boring effect , a nd 
hy halt ing rotation immed iate ly afte r the drill 
head has reached the botto m of the feed s tro ke. 

3. Retract the string of a ugers a bout 1/ 4 me ter 
a nd secure the m " ith a n a uger fork. Disco n­
nect the a ugers fro m the rota r) d ri II head a nd 
mo"e the head off the axi1> o f the ho le lo pro­
'ide cleara nce fo r lowerin g the lee\ e. 

k i\s!iem ble a nd lowe r the 2.54-ce ntime te r (1-
i neh) PVC leeve into the ho llow ste m of the 
auger string. T o knock out the dis posable plug 
in the cutte rhead , lift the as e mbled s leeve 
a bout 2 o r 3 mete rs a nd le t it drop. Whe n 
working be low the wate r ta ble. cohesio nl css 
soi I ~ at t he botto m of the ho le ca n some t i me;, 
be was hed up insid e the ho ll o" s te m by pres­
sure of wa te r outsid e the augers. T o pre, c nt 
thi s, fill the inside of the a uger with wa te r Lo 
at least the height of the water ta ble before the 
plug is knocked o ut. 

5. Re tract the string of a uge rs b)' reve rsing the 
rota ti o n of the drill head a nd lifting it with the 
pullout mecha nis m. With the a ppropriate 
rn mhi na tion of ro ta ti o n a nd pull out s peeds, 
excess soil t ha t was bro ught to the surface ca n 
so metimes be returned a nd co mpacted a round 
the be nc h ma rk s leeve. 

mo.,,e excess concre te fro m the fl a nge and be 6. Assemble and lower the sta i nle s steel rod as 
sure the imprinted information is not defil ed before and co mplete the re ma ining ste ps as 
with concre te. listed in the procedure for us ing the co nve n-

16. Set a witness post whe n a ppropriate. tio na l fli ght auger . 
17. Before leav ing the a rea, clea n it up. Scatter o r In some s ituati o ns, unex posed bedrock will be 

o therwise dispose of an) leftover soil fro m the e ncounte red before the requ i red be nch ma rk s lee' e 
19 



Drill rig mant'U\t'rt-d into po ition and lt'•t'IC'd . 

0 Pl't'paring to attach a largf' augt>r. 

CD Digging through th .. sod. 

Boring a ho le for th(• prolt'cth .. 
ca8ement. 

Figure 6. e lli ng a slee•cd c la 8 A rod mark. 
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CD Attaching a leqth of conven· 
tional flight •uaer· 

Retract.i.ng the flight augen. © 
Figure6. Continued . 

2 1 

Drilling a hole for the slee~e. 

Retracting the lo ... er sections o f 
~tauger. 



Pumping ftller into the slee~e. 

® Lowering the rod into the sleeve. 

Fi!(ure 6.-Cont inued. 
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® Sleeve lowered into the hole. 

® Orhing the rod into soil ber.eath 
the s leeve. 



® d the ~leeve. (Sle .. ve . . soiJ in hole aroun 
filling . ded 10 keep dirt o ut.I temporanly exten 

@ Driving the protective pi1>e in to 
place. 

@ 

® 

figure 6. - Conti nued. 
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Slee~e and rod in place. 

. . 'd th rotective pipe. Filling soil an81 e e P 



® Preparing the hole for concrete. 

® The completed bench mark. 

® Working concrete around the protective pipe 
and fogo flange. 

® Writing the description. 

fi gure 6.- Conti nu ed. 
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depth is reached. If drilling is halted by an unde r­
ground obstruction, note the depth of the obstacle, 
move the equipment a few meters, and try drilling 
again with a conventional flight auger. If the ob­
struction is once again encountered al roughly the 
same depth, it is likely to be bedrock. The class A 
rod mark can be sel lo a depth less than normally 
required if one of the holes is 4 meters or more in 
depth . If both holes are less than 4 meters, another 
try must be made or another site loca led. 

Once it has been establis hed that there is prob­
able bedrock at a depth of 4 meters or more, a rod 
type bench mark can be set. Where the soil is self­
supporli ng and the desi red hole stays open, back­
fill il with concrete or soil for 1 meter above the 
bedrock. If the hole has caved, redrill it with a 
hollow-stem auger lo a depth 1 m eter above the 
bedrock. Place the sleeve into the hole as usual 
making sure it does not become fixed lo the con­
crete in the bottom, if used. Before placing the 
rod, cut its bottom section off so that when pressed 
or drive n to the bedrock, its upper end will be 
about 15 ce ntimeters below ground level. The re­
maining steps are identi cal lo those for placing the 
usual sleeved rod mark. (See pages 18-19.) 

To anchor the rod into the unde rground bed­
rock would be des irable but not absolutely neces­
sary. Total vertical motion at any particular depth 
results from the accumulation of incremental 
c hanges be low it. Accumulation begins al the level 
where movem e nt is nonexistent and the surface of 
bedrock d elineates the level where no soil move­
ment occurs. Since the rod will be exposed lo the 
soi l for only I mete r above that depth, only the 
activity accumulated over a I-meter depth starting 
from zero movement will be tra nsmitted to the 
rod. This a mount is negligible. 

Where the soil is nonexpansive a nd the maxi­
mum depth of frost penetra tio n is less than 1/ 2 
meter as delermi ned in figures 7 through 13, no 
s leeve is required for the class A rod mark. The 
setting procedure is si mple. 

1. Maneuver the drill rig into posi tion and level 
it. 

2. Bore a hole 30 centimeters in diameter to a 
depth slightly greater than 1/ 2 meter to ac­
commodate the protecti ve flanged e ncasement. 

3. Press or drive the rod to its required 4-mete r 
dept h. In areas where this is made difficult due 
to the existPnce of hard clay, scattered stones 
or cobbles, or frost , a hole ca n be drilled to a 
depth of 3 meters, maximum. The rod ca n be 
placed in the hole and pressed or drive n a n­
other m eter so its top is about 15 centimeters 
be low ground level. The n the hole is backfilled. 

4. Fabricate the protective encasement, set a wit­
ness post, and clean up as with installing the 
sleeved class A bench mark. 
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This mark ca n also be set with an ordinary post 
hole digger and gasoline powered hammer. First, 
the 30-centimeter hole is dug. The n the sectional 
rod is drive n and connected , one length at a time. 
Nnd finall y, the protective casement is constructed 
and the remaining s teps taken as indicated. 

Class B Rod Mark 

To perpetuate the National Verti cal Control 
Network with monume nts of only the mos t stable 
nature would be ideal, but other factors make this 
impossible. Situations will be encountered whe re 
bedrock or other stable settings are not at hand, 
and where the soil is unstable but the eq uipment 
required to set the s leeved rod mark is unavailable. 
Among others, mark maintena nce personnel, who 
relocate monuments which are destined for de­
struction, and those who set tidal bench marks 
for the Office of Marine Surveys and Maps, Na­
tional Ocean Survey, need an alternative to the 
sleeved class A rod mark. 

The class B mark consists of a stainless steel rod 
assembly drive n to a depth based on soil and 
weather conditions, and capped with the standard 
bench mark disk. It has no s leeve. A casement a t 
the surface protects the monument from damage 
by impact. This casement differs from the flanged 
e ncasement for the class A rod mark in that a PVC 
clean-out plug is used in place of the logo flange 
a nd access cover. The bench mark disk carries the 
logo and des ignation. Except where soil move­
ments are nonexistent, these marks cannot be ex­
pected lo hold their elevations as well as the class 
A rod marks. The procedure for setting a class B 
rod mark is as follows: 
1. Dig a 30-centimeler hole to a d epth sli ghtly 

greater than l / 2-meter for the protective 
casement. 

2. Taking care not to d eform its end, drive the 
first section of 1.43-centimete r (9/ 16-inch) 
s tainless steel rod down to just a bove ground 
level. Make sure it remains plumb while dri v­
ing. Couple another section of rod tightly to 
the fi rsl and drive the assembly down as before. 
To obtain tight joints, fin ger tighte n them and 
then apply one-quarter turn more. Repeat this 
procedure until the required depth is reached 
as indi cated in table 3 (page 27). When a vari­
e ty of conditions occur, use the deepest depth 
specified. In clay, however , the depth may be 
limited to 10 meters. Drive the last section down 
Lo about IO ce ntimeters below ground level. 
Every effort must be mad e to reac h the mini­
mum depth specified. If firm resistance is met 
before the required rod .de pth is nearly ap­
proached , disco ntinue driving be fore the rod 
becomes tightly embedded in the resistant 
laye r. Usi ng a pipe wre nch to rotate the rod 



clockwise whi le s imulta neous!) pulling up o n 
it, try to pull it out so the insta llation ca n be 
a tte mpted in a nothe r spot. Whe n firm resist ­
a nce is met a l nea rly the req uired rod depth, 
continued dri\ing will p roba bl y res ult in 
reac hing that d epth. Dri\ e with dete rmi na­
tion ; as lo ng as the rod keep!> going d own, no 
ma tte r how slowl y, keep a t it. If the required 
depth is not reac hed a fte r ex hausti ve efforts, 
cut the rod o ff about 10 ce ntimete rs helo w 
ground level a nd use as is. 

3. Sta mp the d esignati o n and )Ca r o n t he be nc h 
ma rk dis k a nd crimp the holl ow s ha nk o n the 
disk onto the lo p of the rod. 

4 . Pl ace a J0.2- o r 12.7-ce ntimeter (4- o r 5-i nch) 
P VC pipe 1/ 2 m eter in length around the dis k 
and rod. Press or dri ve the pipe d ow n until its 
Lo p ed ge is a bout 5 ce ntimeters be low ground 
and 5 ce ntime ters above the dis k. Fit the top 
of the pipe with the prope r s ize slip plug o r 
thread ed plug with appro pr ia te fem ale 
ada ptor . 

5. Mi x about 20 liters o f co ncrete to place a rou nd 
the lop of the protecti ve pipe. Twe nl) liters is 
the a pproximate amount p rod uced by the com­
me rcially availa bl e 36-kil ogra m (80-pound) 
bag of pre mixed concre te. P our concrete 
around the pipe and lamp it into pl ace. Finis h 
the top surface of the concrete so tha t it slopes 
ge ntly d ow nwa rd a nd awa) fro m the to p o f the 
pipe. This is importa nt beca use it will he lp 
drain wa le r a way fro m t he p rotecti ve pipe 

ra the r tha n into it. 
6. c l a witness post whe n a ppro pria te. 
7. Before lea ving the a rea, clea n up a ny tras h 

tha t accumula ted during the in ta lla tio n. Fi ­
na 11 y, set a te m po ra r) CO\ e r ing ove r the 
who le a r ra ngeme nt to protect it u nti l the 
co ncre te cures. 

Miscella neous Marks 

Oc·c·asio nally, a natu ra l o r read ymade hPnch 
mark setting will exist tha t would be mo re sta ble 
t ha n a rod ma rk but w hi ch ca nno t accommoda te a 
brass disk. n exa mple is a deep well casing. It 
would resist not o nly nea r-s urface mo\ e ments, but 
a lso, lo a degree, m o\ eme nls o r igi na t i ng i n the 
s ubsurface s uch as s.ubside nce fro m pum ping. /\ 
good illustra ti o n o f th is ca n he seen in Santa Cla ra 

a ll ey, Ca lif. , where well casings proj ect promi­
ne ntly hecause of ground subsidence. These set­
t ings s ho uld not be passed by simply because dis ks 
ca nno t be mounted o n the m . The) ca n furn ish ex­
celle nt references for e leva t ion , provided t he) ex­
te nd a t lea l three times as deep as t he req ui red 
slee\ e depth for a clas \ rod ma rk in t hat a rea. 
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It is importa nt lo select a good po int of refer­
ence fo r the elevatio n of this type of benc h ma rk. 
i\ promine nt protrusion ca n be used if it is definite 
a nd has a good hi g h point o n whic h to res t the 
leveling rod . Alte rna ti vely, a cross ca n be e tched 
with deep fin e lines on a s pot accessi ble to a level­
ing rod o r ta pe. If possi ble, stamp or e tc h the 
be nch ma rk d esig na t ion a nd )Ca r nearb). 



Tab le2.- Sleevcdepth for class A rod mark set within 
the co ntine nta l nited Stales 

Condition Exte nt of occurrence 

Soil ' o lumechange• 

( no nex pa nsi ve 

) low expansive c ha racter 

medi um or hig h expa nsive c ha racter 

maximum 0.5 mete r o r less 

maxi mum greate r than 0.5 meter 
Acti•e frost penetrationd 

Permafrost• any extent 

Depth 

no slee\ e required h 

6 me ters X CF" 

10 metersX CFc 

no slcc'e req uired" 
3 X max frost penetration 

10 meters 

•Categories of expansiveness are s hown on the maps in figures 7 through 11. Inability to ac­
curately delineate category boundaries necessitates assumption of the gr eater expansive character 
when working near a boundary. A consolidated map of these figures, at a larger scale, in color, is 
available by writing to the USAE Waterways Experiment Station, P.O. Box 631, Attn: GEO, Vicks­
burg, MS 39180. It is entitled Occurrence and Distribution of Potentially Expansive Materials in the 
United States. 

b Where no sleeve is required, the rod assembly shall be set to the depth at which a stati c load of 
250 kilograms causes no movement (see footnote 7, page 18) but at least 4 meters. 

,. The Climate Factor (CF) is indicated on the map in figure 12. Use the la rger value when there 
is doubt as to what value applies to a particular site. 

dDepth of maximum frost penetration is indicated on the map in figure 13. Use the uppe r 
limit for each area d elineated. 

• For an excellent overview of permafrost areas, consult Ferrains (1965). 

Table 3.-Minimum depth for class B rod mark" 

Conditi on 

Nonexpa nsive soils 

Soi ls of low expa nsive c haracte r 

Medi um o r hi ghly expansi ' e soi ls 

Low pe netration resista nceh 

Seasonal frost pe netration 

Pe rmafrost 

4 me ters 

5 ll]elcrs X CF 

6 me te rs X CF 

De pth 

To substa nti a l resistance• 

4 X maximum frost penetrationd 

2.5 X maxi mum de pth of act i'e frost laye r 

0
l'ootnotes a, c, d , and e from table 2 also appl) he re. 

bA stati c load of 250 ki log ra ms will move the rod. 
'Substantia l resis tance is indicated when a s tati c load of 250 kilograms will not move the rod 

(see footnote 7, page 18). 
d The mini mum de pth sha ll be 4 meters. 
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Figure 7.- Distribution of potentially expansive materials, Northeastern States. 
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LEGEND 

HIGH HIGHLY EXPANStvE ANO/OR HIGH 
FREQUENCY OF OCCURRENCE 

MEDIUM MODERATELY EXPANSIVE 
ANO/OR MODERATE FREOUENCY OF 
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Figure 12.- Climate Factor (CF) , adapted from Building Research Ad' isory Board (National Academ) of Sciences 1968). 



Figure 13.- Extre me d epth or frost pe ne tra tio n (i n meters). 



5 . DESCRIPTION 

Descri ptions a re a n importa n t product of geo­
deti c le, eli ng beca use the ut i lil) o f the vertical 
control network depe nds la rgely o n how effecti ve!)' 
they facil i ta te be nch ma r k reco"cr). Consult the 
NOAA Manual , Geodetic le \- e l ing ( Be rry 1978), 
in prepa ratio n a t the time of th is wri ting, fo r de­
ta iled i nstructi o ns on ho w lo write d escripti o ns. 
If t his is not avai I able, Special Publication No. 
239, Manua l o f geodeti c le , e li ng ( Ra ppleye 1948), 
also co nta ins some valid informa ti o n. Ge ne ra l 
guida nce fo r describin g a m onume nt is given here. 
In NG , geodeti c data, includ ing dcscri pl io ns, a re 
sto red, ma nipula ted , relri e"ed , a nd sometim es di -
semina ted by co mputer. Conseq ue ntl y, descrip­
ti o ns must be submitted in pro per compuler­
readable for m for i nclu io n " ith NG ' erti cal co n­
tro l da ta. Co n ' uh cha pter 7 of Input Formats and 
Specifications for the N GS Data Base (NOAA 1977) 
fo r accepta bl e formal. 

The tex t of the d esc ription prov id es informa ti o n 
needed lo locate a be nc h ma rk. It must be clea r 
a nd co ncibe, fir t leading the reade r to the ge neral 
vicinity o f the mo nume nt, the n to the exact s po t. 
D i recti o ns s hould ta rt fro m a h ig hwa) intersec­
ti o n o r pro mi ne nt landma rk in the nearest cit) 
s hown o n a n offi cia l state hig hwa) ma p. 

U nless the be nc h mark is very near the starting 
point, dista nces arc first given to the nearest te nth 
o f a mile (o r kil o meter). The nea re r the monume nt 
is a pproac hed , the m o re refined the measure me nts 
become, goi ng fro m miles a nd tenths, lo te nths of 
a mile, to feet a nd te nths (or k i lo meters a nd te nths, 
lo te nths of a kilo m ete r , to meters a nd tenths) . As a 
rule, gi' c dista nces in order of decreasin g m ag ni­
tude, but the fin al r eference m easure me nts s hould 
be made in the order whi ch le nds most conve n­
ie ntl y to recovery. For example, if a monument is 
located 2.6 mete rs from the corn er of a building a nd 
5.4 m ete rs fro m a fe nce, it s hould be sta ted in that 
orde r because the building wo uld be s potted first. 
Dista nce must us uall y be accompa nied by d i rec­
ti o ns to 8 po i nts o f the compass (i.e., north, north­
east, east. . . ). W he re conf usio n co uld result with 
only 8 points, 16 po ints o f the compass may be used 
(i.e., east , cast-southeast , southeast. .. ). 

Do no t record numeri c data with mo re sig nifi ­
ca nt di gi ts tha n those with whi ch they we re ob-
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ta incd . The numbe r 2.90 docs not im ply t he sa me 
meaning as the numbe r 2.9. The forme r refe rs lo a 
, a luc be tween 2.895 a nd 2.905, which is accura te to 
the nea rest hund redt h of a unit. T he latter refers 
to a value betwee n 2.85 a nd 2.95, accurate o nl y to 
t he nea rest tenth. 

\II be nch marks lo he incl uded i n t he nat ional 
nct" o rk must be refere nced \\ il h consiste nt tech­
niques, o r mi sin terpreta t io n of omc descrip ti o ns 
will result. Dista nces betwee n refe re nce obj ects 
a nd m onume nts sho uld nea rly a lways be measured 
ho ri zonta lly o r ma the maticall y reduced to a ho r i­
zo nta l dis ta nce. I n specia l circu m ta nce whe re 
great <·o m e nie nce res ults, a sloped dista nce may 
be record ed in the desc ripti o n, bu t it m ust be 
la beled as such. Di la nces not la beled as "slo ped " 
a rc a lways a sumed lo be ho rizonta l. For a n a ngle 
o f 30 , the d i ffe re nce be twee n a hori zo nta l dis­
ta nce of 10 mete rs a nd its slo ped counte rpa rt is 
mo re than a mete r. A d iscrcpa ncy of l his magni­
tude ra n result in cons ide ra ble loss of time whe n 
sea rehi ng for a buried mo nume nt, expecially if 
the lines-of-posi t io n inte rsect a l a shall ow a ng le as 
s hown in fi gure 2 (page 8). F urthe rmo re, a d is­
ta nee meas ured fro m a Ii nc, s uch as a fenceli nc o r 
ce nterl i ne, s hould always be mea u rec! perpe nd ic­
ul a rly to tha t line. 

The origins o f meas ure m e nts must be clearly 
dc fi ncd in all cases except the foll owing two, 
whe re hy conve nti o n they arc inferred . ( 1) At the 
junctio n of two o r m o re roads, the o ri gin will be 
ass umed lo be the intersecti on of the ce nte rs o f the 
roads unl ess pecifi ca ll y defined other wi e. " The 
inte rsecti o n o f .. H ighwa) 29 and la te Road 
120" means the intersecti o n of thei r ce nters. (2) 
Measure me nts a re ass umed to be fro m t he ce nter 
o f o bjects s uch as uti lity poles. W he re a nothe r 
positi o n is desi red for the s ta rl ing point, it should 
be noted (e.g., "4.5 mete rs southeast of the south­
east edge of te lepho ne po le num ber 258"). 

Good descri p tio ns a re \ Cry impor ta nt. o mc 
be nch m a rks a re not recove red and u ed fo r ma ny 
)Ca rs a fte r t he) a re sel. Du ring th is t ime heav} 
'cgcta l ion can grow up a round th e monume nt , 
making recover) d iffi cult a nd time consuming. 
O bjects used as refe re nce po i nls ca n be moved o r 
destroyed . Good judgme nt a nd fo resight a rc 
need ed in refere ncing the m a rk a nd writing the 
desni pt i o n. 



APPENDIX A.-APPROXIMATE CONVERSION TABLE: METRIC TO 
ENGLISH UNITS 

l millimete r 
l ce ntimete r 
I decimete r 
l mete r 
l kilomete r 
l lite r 
1 lite r 
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0.039 inch 
0.39inc h 
3.9 inches 
3.3 feel 
0.62 mile 
0.26 gallon 
0.035 cubi c fool 



APPE DIX B.-EXCERPT FROM U .. L AK E SURVEY MISCELLANEOU PAPER 68-6, 
THE U E OF GEOPOTENTIAL HEIGHT FOR GREAT LAK ES VERTICAL DATUM, 

BY CARL B. FELOSCHER ANO RALPH MOORE BERRY, LAKE SURVEY 01 TRICT, 
DEPARTMENT OF THE ARMY, U.S. CORPS OF ENGINEER ' 

This discussion deals in ge ne ra l with a subj ect 
tha t the ave rage civil e ngineer, without any geo­
detic o rie nta ti on, would think of as "levels." This 
average e nginee r, having bee n ex posed to the sub­
ject throu gh a course in " basic su rveying," is i nes­
ca pa bl ) i ncli ned to think of " levels" as the proce s 
o f dete rmining "elevatio n , " i n l he co ntext of a 
summa tio n of \ erti cal " height d i ffe re nces" a bo"e 
some a rbitrarJ " ho rizo nta l" p la ne ass umed as a 
datum. 

If the purpose of " levels" is me rely to pro' ide 
refere nce fo r selling of paveme nt fo rms, o r an) 
o the r type of constructi on of modera te ly limited 
exte nt , this first intuiti ve concept is ad equate; 
witness t he fact tha t the average sewe r unde niably 
ma na ges to fl ow " down hill. " B ut if the purpose 
of " levels" is to provide vertica l co ntrol over a 
rela ti ve ly la rge a rea , o r of highe r acc uracy tha n 
that required in ordina ry constructi o n, add itio na l 
conside ra ti ons must be introduced. 

The first additio na l con ide ra li on to be int ro­
duced i the well-know n fact that t he earth is no t, 
in fact , a pla ne surface. Even the e ngineer wi th 
o nly a basic course in un'e)i ng is willing to co n­
ced e this poi nt. However , the nature of this surface 
imoh es some mode rately ubtle co ncepts that a re 
not im med ia te!) a ppa re nt. 

For examp le, ma ny people a re willing to accept 
a sphe re as be ing a suita ble geome tri ca l figu re of 
the earth. This, however, can lead to som e pa tent 
a bsurdities if ca relessly a pplied to the principles 
of levels. There is the case of t he fl ow of the Mis­
sissippi Ri ver. Conside ring the 1535 kilomete r 
secti on from the m outh of the O hi o Ri ve r (Cairo, 
I Iii nois) lo H ead of Passes, Loui sia na, c ngi nee r's 
levels indi ca te that the mid-s tage eleva tio n of the 
wa ter surface drops a pproximately 91 meters. ( ee 
fi g. 14, this ma nua l.) This agrees with commo n 
se nse but, to the unwa ry, is a bit difficult lo recon­
ci le wi th the fact that H ead of Passes is 2643 m etel'!l 

• Presenled al r my S cie nce Con.ference, U.S. Mililary 
AC'ademy, Wcsl Po inl, New York, June 1968. The U.S. Lake 

urvey was abolished in 197 6 . Some funclio n& were Iran•· 
ferred lo lhe Nalional Ocean S u rvey, NOAA. 
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farthe r from the center of the earth tha n the Mis­
s issippi Ri ver is a t Cairo, Illinois. T his could lead 
to the concl usio n tha t the ri ver is running uphill 
al a ra te of 1. 7 meters pe r kilometer, ins tead of 
downhill a t a rate of 6 ce ntimeters per k i lomete r. 
(The ex pl a na t io n of th is a bs urd ity lies in t he fact 
tha t the merid ional sectio n of the earth is ap­
p roximately e lli ptical.) 

This ca n, of course, be countered b) the e ngineer 
wi th the statem ent that he never mea nt for his 
levels to define the d is ta nee of a poi nt from t he 
ce nter of the ea rth. W he n pressed for anothe r de­
fi niti on, he wi ll m ulle r so met hi ng about he ight 
a bove " Mea n Sea Level. " Thi s ca n, however , be a n 
e lusive concept unless ca re full y defi ned . The re is 
not much diffi culty with the d efiniti on at a ny 
single point on a n unobstructed ocea n sho re line. 
He re, we a re to ld , mea n sea level will be reveal ed 
as the average height of the water over the 19-year 
period tha t is req u ired fo r the ea rth a nd m oon to 
go through their entire cycle of com bi natio ns tha t 
p roduce the ti de . T his co ncept is simple in p ri n­
ciple eve n though a bi t di fficult to implement. 
Eve n the ge neralization that Mea n ea Le, e l m ust 
be the surface defi ned by a nu m ber of suc h poi nts 
is not difficu lt unti l faced with t he t heoret ical 
proposi ti on of just what is meant by Mea n Sea 
Le,·e l whe n i t is u ed as a refe re nce to define t he 
"e le,ati on" of a poi nt fa r inl a nd a nd hig h above 
t he level o f t he ocean. (See fig. 15, this manual. ) 
T he usua l ex pl anation for this is t ha t Mea n Sea 
Level is the surface tha t would be genera ted if all 
Lhe con ti nenls were cr iss-crossed wi t h a number of 
na rrow cana ls extending from ocea n to ocea n, ad­
mitting ocean water withou t causing a ny curre nts 
a nd without dimin ish ing the q ua ntity of water in 
t he ocea ns. 

Accepting t his co ncept, Lhe q uestio n immed i­
a te ly a ri ses a t o just wha t is the actua l shape of 
this Mean Sea Level surface, a nd t his leads back lo 
the questi ons or igi na ll ) b rou~ht out. Isaac ewlon 
i n his Principia, fi rst publ is hed i n 1687, made 
subs tanti a l cont ributions to t he theor) of the a t­
t rac ti on of gravi ty a nd concluded t hat t he figu re 
of the ea rth is that of a n el lipsoid of revolutio n. 
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Figure 14.- Mississippi River flows uphill. 
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Figure 15.- Elevation. 
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Figure 16.- Geodetic refere nce e llipsoid. 

Fi gure 17.- Thegeoid. 
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This was based strictly on a mathematical deriva­
tion, with certain assumptions made about homo­
geneity. This was s ubseq uently substantiated by 
the measurem e nts made by the French mathe­
mati cians Picard, Clairaut, Bouguer, Maupertuis, 
Cassini et al. (Todhunter 1873) conside red lo be the 
beginning of modern metrical geodesy, in the 
interval 1669-1735-1743. 

The figure generated by rolatinga n e llipseaboul 
its mi nor axis is generally adopted by geodesists 
today as an acceptable a pproximation lo the s hape 
of the sea-level surface but it must be understood 
tha t this is actuall y only a mathe matical model on 
which the calculations of geodeti c positions ca n be 
ca rried out with sufficient accuracy for most work. 
The adoption of this geometrical shape is actually 
a compromi se with expedi e ncy, because of the use 
of other more complicated shapes would enor­
mously increase the complexity of calculations. 
The dimensions of the reference ellipsoid in actual 
use va ry throughout the world, with, as mi ght be 
expected, differe nt figures bei ng used in No rth 
America, Europe, Russia, etc. (See fi g. 16, this 
manual.) 

The actual s hape of the Mean Sea Level surface, 
howeve r, is not readily amenable lo description 
by a simple mathematical expression. If the waves, 

40 

tides, curre nts, etc., be "averaged out" and the sea 
level surface considered lo be the quie t, undis­
turbed, smooth surface of the sea, a liquid in 
equilibrium, it will be immediate ly obvious that 
this surface will be everywhere normal lo the 
direction of gravity. This is indeed the defi nition 
of the Mean Sea Level surface even when it is ex­
tended unde rneath the surface of the co nti nents. 
Furthe r conside ration will revea l that this is a n 
equipotential surface. Whatever its s hape, the 
technical name assigned lo the particular equi­
potential su rface that is defined by mean sea level 
(where available) is the geoid . If the earth we re a 
homogeneous body, or if density varied system­
atically with distance from the ce nte r of the earth, 
the geoid would be a s mooth surface of revolution, 
closely approaching an ellipsoid. Si nee, as is well 
known, the mass di stribution within the ea rth is 
not syste matic, the surface of the geoid does ap­
proach an e llipsoid as the simplest " best fit" 
fi gure, but it is actually a n undulating s urface, 
sometimes a bove and sometimes below the math­
em atical figure. (See fig. 17, this manual.) Since the 
level bubble in a survey ing instrument indicates 
a pe rpe ndicular to the local direction of g ravity, 
the surface of refere nce in leveling is actually the 
geoid and not the geodetic ellipsoid. 



APPENDIX C.-SOILS 

Elementary knowled ge of soi l classifi cations and 
te rms is necessary to understand the information 
prese nted in this manual. Terms used by the lay­
man and expert alike carry many co nnotations and 
can cause consi derable confusion. Techni cal clas­
sifications can even be confusing in that a variety 
of classification systems have been devised , each 
for a different use. A sy nopsis of soi l classification 
and expla na tio n of some of the more common soils 
terms a re set forth below. 

To the engineer the te rm soil ge nerally refers to 
an unconsolidated mixture of discrete particles 
interspersed with gasses and liquids, whi ch li es 
above bed rock. o fine Ii ne can he drawn betwee n 
soil and bedrock without arbitraril y defining bed ­
rock in terms of physical properties s uc h as com­
pressive stre ngth or degree of consolidati on. There 
are an infi nite number of phases betwee n the hard­
est rock a nd the loosest soil. For the purpose of this 
manual, it will suffice to call bedrock any exten­
sive, hard , earthen material which ca nnot be 
pe netrated without a diamond or tungste n carbide 
tipped drill bit. Soil includes the ma te rials formed 
by mechani cal di sintegration and chem ica l de­
composition of bedrock. 

Soi ls are divided into two groups called organic 
and inorganic. Organic soils are those whi ch co n­
tain an appreciable amount of d ecayed plant o r 
a nimal matter . They ca n he identifi ed by their 
dark color and distinctive odor res ulting from the 
decomposition of the organic matter. Large de­
pos its of these soils form peat bogs, muskeg, and 
swamps, but they also overlie other soils in an 
often thin layer of humus. The main disadva ntage 
of orga nic soils from an engineering standpoint is 
their hi g h compressibility. A load placed o n this 
type of soi I is subject lo excessive sett Ii ng. 

Inorgani c soils are distinguis hed from o ne 
a nother by a numbe r of criteria, the most im­
portant being texture. T exture is mainly a reflec­
tion of grain size, but it is also influenced by par­
ticle shape. Soils may be grouped on thi s bas is into 
four classes- clay, silt, sand and g ravel. The size 
limits forthese particlesa rea follows:' 

'Some systems use 0.002 and 0 .074 mm to distinguish 
be tween clay and silt, and silt and sand re8pectively. 
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clay ................. less than 0.005 mm 
silt .................... 0.005 to 0.05 mm 
sa nd .................... 0.05 to 2.0 mm 
gravel. . .. .......... greater than 2.0 mm 

Sands and gravels are often refe rred to as coa rse­
grained or granular soi ls. They are cohesionless 
a nd the indi vidual particles ca n be distinguis hed 
with the unaided eye. Accordingly, visual inspec­
tion of a soil sa mple to dete rmine whether or not 
it i coarse-grained is the first step in fi eld ide nti ­
fication. For the purpo e of mark setting, it is not 
necessa ry to distingui sh between sa nd and gravel. 
Both a re very good soils in whi ch to set monu­
ments. 

Clays a nd silts arefine-grained materials. Their 
individual particles ca nnot be differentiated with 
the unaided eye. Normally, particles of this s ize 
are flat and plate-like rather than rounded , and 
due lo this the soils are usually cohesive. The 
degree of this characte ri stic gives a n indi cation of 
grain size and ca n therefore be used to dete rmine 
whether a soil conta ins mostly clay or mostly s ilt. 

By vary ing its water co ntent , a clay ca n be made 
into a co nsistency where it can be d eformed rap­
idly without cracking or c rumbling, exhibiting a 
property called plasticity. A clay can be rolled into 
lo ng thin threads without brea king, a nd upon air 
drying it wi ll have co nsiderabl e stre ngth. Silts 
ca n also be rolled into threads but when held by 
its e nd, a silt thread whi ch is more than about 10 
centimete rs long wi ll break. Unlike clay, a small 
a mount of air-dried s ilt ca n easily be c rus hed with 
the fingers. If e nough water is added to a pat of 
silt to make its consistency like that of a thi ck 
paste, and this pat is shake n in the palm of the 
hand , it will appear wet and s hiny. If the pat is 
the n squeezed , the surface moi sture will disappear 
a nd the pat will eventually crack. Clay, o n the 
other hand, will re main unc hanged when ha ndled 
in s uch a manner. 

A soi l mass consisting mainly of a limited ra nge 
of particle sizes is said to be uniform. More often, 
soils co ntain apprecia ble amounts of man) dif­
fe re nt parti c le sizes, frequently includ ing all 
four of the major classes (i.e., clay, s ilt , sa nd , a nd 



gravel). These are called mixed soils. They are 
d esc ribed by naming the two most predomina nt 
constitue nts, the one of lesser a bunda nce qualify­
ing the greate r. For example, a silty sa nd mi ght 
contain 60 pe rcent sand-sized particles a nd 30 
pe rcent silt-sized particles. The re ma i oder would 
be clay or gravel or both. 

Another way to qua lita tively describe a coa rse-
grai ned soil is with the te rm clean . A clea n sa nd o r 
g ravel does not contain a n apprecia ble a mount of 
fine (particles less than a bout 0.1 millimeter). 
L ocations with these types of soils p rovide excel­
le nt sites for setting be nc h ma rks. 

A description of soil is no t complete until some 
i ndication is given as to its natura l co nditi o n. 

G ra nula r soils may be loose o r dense. Fine-grained 
soils a re d esc ribed by the ir consiste ncy, whi ch can 
be soft , medium, firm, stiff, or lwrd. A simple test 
ca n be e mpl oyed to d ete rmine the consistency by 
press ing the fist, thumb, or fingernail into the soil 
and ga uging the resulting pe netration. In add ition, 
o ne of the most sig nifica nt conditions of a soil 
mass is described by its drainage c ha racteristics. 
Good d raina ge is indicated with a s loping to pog­
ra phy to facilita te the r em oval of surface wa ter , 
g ra nula r soil pa rticles whic h a llow wate r to pe r­
cola te throug h, a nd a wate r ta ble not too nea r the 
surface. It is d esira ble to locate be nc h mar ks in 
soils with good dra inage. 
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APPE~DIX 0.-EXISTl~G MONUMENTATIO:\ IN THE VERTICAL NETWORK 

Si nee lhe beginnings of preci se geodelic leveling 
in lhe Uniled Slales in 1877, and lhe subseque nl 
formalion o f lhe Coasl and Geodelic Survey in 
1878, a variety of differenl lypes of be nch marks 
have been establis hed in our al ional Verlica l 
Conlrol Nelwork. For the mo l part, they we re 
appropriale for lhei r ti mes, bul acco rding to to­
day's hi g h standards, they ha\e \ arious short­
comings and are no longer to be set. Many of the 
monuments, lo be s ure, were set in s uch a manne r 
as lo have mai ntained their positions very well. In 
any event, they do comprise the major portion of 
the network. 

The first be nch marks we re placed at intervals 
of from 5 to 15 kil ometers. They we re esta blis hed 
on structura l mem bers of buildings, dam , aque­
ducts, bridges, locks, piers, cul verts, arches, and 
pedesta ls ; o n g ranite, marble, or cedar posts; and 
in bed rock and boulders. Some of the m had no 
physical markings for the exact e levation refere nce 
point, but were defined descripli\ e ly by phrases 
such as "centre of the sill ," " top of a post," and 
" northwest corne r of the top s urface." Others were 
ma rked with c hiseled square o r circular caviti es, 
ce nters of triangle, crosses, line, bolts, a nd rec­
ta ngular metal plates. 

Early in this century , precas t concrete posts, l to 
2 me ters in lengt h and , in a few insta nces, I-me ter 
le ngths of pipe began suppleme nting the stone 
posts. Along with this developmen t, bronze table ts 
came into use. The di sks we re a major improve­
ment over the chiseled squares a nd other mark­
ings in tha t they provided a more definite hi gh 
point to s upport the leveling rod a nd we re more 
clearly visible to a pe rson sea rc hing for the bench 
mark. 

Cast in place concrete monuments were i nlro­
d uced in the la tte r half of the 1930's. The proce­
dure for setting them started with digging a hole 
about 30 to 35 ce ntimeters in diameter to a depth 
of about 1 meter or below the fro t Ii ne. The better 
monuments were cast in tapered holes with a 
smaller diamete r al the top. The bottom of the hole 
was then exte nded a nd enlarged lo provide greater 
resistance to hea \ing and settling. A form was set 
in place for the lo p of the mark a nd sometimes for 
the entire le ngt h of it lo make its sides smooth, 
the reby Jes e ni ng the effec t of frost heave. Casting 
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posts in place eliminated the work required lo 
manha ndle the heavy precast posts, whi ch co n­
sequently were phased out complete ly 1 n the 
1940s. 

In 1954, the Coa l a nd Geodetic Sun ey bega n 
expe rime nting with the copperclad steel rod mark. 
Until this time, bench mark setting had bee n 
limited lo two bas ic types : structures and posts 
(or pipes). Benc h ma rks in structures have 
ge nerally held their elevations well. When found a­
tions are investigated to the extent directed in this 
ma nual , they will be even more reliable. Concrete 
o r sto ne posts, however, a re excessively vulnerable 
lo the forces of nature. Frost heave jacks them up, 
ex pans ive soils ca use the m to " fl oa t," a nd their 
ow n weight makes them settle. If they are located 
in we ll-drained , coarse-g rained soils, they make 
\Cr) good be nc h marks, but a nyt hing resista nt to 
impact and corrosion will s uffice in these areas. 

Disks have had relatively few changes throug h 
the )Cars. Most of the m have bee n made of brass 
o r bronze. The tops ha\ e bee n about 8 to 10 centi­
meters in diameter a nd spherically s haped . Ir­
reg ul a r!) shaped s hank have se rved as anc ho rs to 
secure the tablets in drill holes. The earlier tabl ets 
we re cast in one solid piece. Later the shank was 
fabricated separately a nd s ilve r soldered to a di sk 
which was cul and pressed from sheet stock. Leg­
e nds have varied little. They indi cated the o rgani­
zation which establi s hed the mark (i.e., Coa l a nd 
Geodeti c Survey, National Ocean Survey, or a­
tiona l Geodeti c S urve)), the type of mark (i.e., 
bench mark, tidal benc h mark, or vertica l control 
mark), whom to write for information (i.e., The 
Director and orga nizat io n, Was hington, D.C.) a nd 
a phrase warning agai nsl vandalism. 

Changes occurred to the di sks during the follow­
ing time periods : (1) From 1934 until 1956, the 
adjusted e levation was stamped on the disk as a 
matter of standard procedure. This was a very 
poor practice because both move ments of the 
monume nt and readjustme nts of the network 
caused many of the stamped elevations to be er­
roneous. (2) For a short time during a nd imme­
dia tely after World War Tl, cast iro n was used 
becau e brass and bronze were in s hort supply. 
A cons iderable number of these di sks corroded to 
s uc h a n extent that the precise datum point was 



worn down and the logo beca me illegible. Brass or 
bronze disks make good bench ma rks when set in 
substantial structures of conc rete or mason ry. A n 
improvement could be made, however, by provid­
ing the uppe r surface with a protube rance to de­
fine a more precise datum poi nl. Flat disks s hould 
never be used for bench marks. 

In 1955, the Coast and Geodetic Survey bega n 
installing rod type be nch marks. They consisted of 
5/ 8-i nch copper-clad steel rods in 5-, 8-, a nd 10-
foot sections driven lo refusal or some maximum 
depth. The required rod depth was auained by 
joining threaded ends of rod sections with brass 
couplings. Some of these marks have been drive n 
to depths we ll in excess of 30 meters. A brass bench 
mark disk with a tubula r stem was either crimped 
or soldered over the lop of the rod. 

The major problem e ncountered with thi s mark 
was one of corrosion. Copper and stee l are quite 
incompatible in many environments. A ga lvanic 
cell is set up where the coppe r coat is protected al 
the expe nse of the corroding steel core. This situa­
tion is aggravated al the rod ends because the area 
of exposed steel is small in relati o n to the area of 
exposed copper. Rod marks have been known lo 
fail completely al the first joint below the surface, 
the results of whic h a re obvious. 

Another proble m with this type of be nch ma rk 
ste ms from the fact that even though it may be 
drive n deepl y i nlo the soil, the stable substratum 
in some cases does not grip the rod as tightly as the 
unstable soil near the surface. Consequently, il 
will move with disturbances in the uppe r layers. 

Reaching refusal at shallow depth makes this an 
eve n more serious problem. 

In the early 1970s, a modofication lo the rod 
mark was made by attaching a base plate lo a 4-
foot section of rod. Use of the rod mark co ntinued, 
but al a less frequent inte rval. The purpose of the 
modified rod with base plate, sometimes called the 
" pre-fab," was to replace the cast-in-place concrete 
post which was subsequently phased out. The 
advantages of the prefab over the concrete post 
were that it was easier lo install and, because it 
was quite lightweight, it was not prone lo settle­
me nt. The disadvantages of vulnerability to frost 
heave a nd expansive soils remained. 

The problem of galvanic corrosion in the coppe r 
clad rod mark and prefab mark was ide ntifi ed in 
1976. Galvanized steel was temporarily substituted 
for coppe r-clad steel until the e ntire bench mark 
program could be studi ed in detail and revamped. 
This ma nua l is a result of that study. 

Benc h marks established in bedrock have been 
recognized for many years as a most desi ra ble 
elevation reference and have bee n used through­
out our leveling history. The only drawbacks in 
using a bedrock refere nce (which are minor in 
comparison to the shortcomings of some of the 
other marks) are (1) it is sometimes difficult to 
distinguis h between bedrock and large boulders, 
and (2) bedrock can sometimes ex hibit volume 
change with variation of moisture content. The 
guid e lines in this man ua l will redu ce these 
problems. 
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APPENDIX E.-EXAMPLES FOR DETERMINING BENCH MARK DEPTHS 

The following examples illustra te how to com­
pute class A and B rod mark depths for four dif­
ferent geographical areas. Part A of each example 
gives four basic s teps for delermi ni ng the sleeve 
depth of a class A rod mark. Determining the rod 
depth for this mark is usually straightforward, as 
explained in steps 8 and 9 (page 18) of the routine 
for selling the mark. Part B of each example s hows 
how lo determine the rod depth for a class B rod 
mark. In addition lo the four steps needed for 
class A rod marks, one extra step is r eq uired . 

Step I 
A depth is dete rmined lo preve nt ex pa nsive soi ls 
from changing the elevation of the ma rk. 
Step 2 

A depth is determined to prevent fros t heave from 
affecting the mark. 

Step 3 

A determination is made as lo whether or not per­
mafrost is present. 
Step4 

In regions without permafrost , the deeper depth 
determined in s teps 1 and 2 is taken as the depth 
for the sleeve or minimum depth for the rod (class 
A or B , as appropriate). In regions where perma­
frost occurs, the depth specified for perma frost 
regions is used. 

Step 5 
Rod depth is further de termined by the resista nce 
of the ground al the time the rod is driven into 
position. The penetration rate indicates whether 
or not the rod must be driven to a greater depth 
than that determined above. With the "Cobra" 
used by NGS mark sellers, the ra te must not exceed 
4 centimete rs per second. (It must ta ke al least 25 
seconds lo dri vel meter of rod. ) 

Example 1 
Location: Battle Mountain, Nevada 

Part A. Sleeve depth for class A rod mark. 
Step l 

a. Find Battl e Mountain on a road atlas and es ti ­
mate its locat ion in figure 11. At this particular 
loca tion it is difficult to determine whether the 
soil is nonexpansive or of low expansive char­
acter. Therefore, consider the worse cond i­
t ion-a soi l of low expansive character . 
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b. Using figure 12, d eterm ine the cli mate facto r. 
Battle Mountain is located on or very near the 
line delineating 1.3 from 1.4. Again, use the 
worse case-1.4. 

c. From table 2, determine the sleeve depth re­
oui red to preven t changes in soil volume from 
a ltering the elevation of the rod. In this in­
sta nce, it is 6 meters'X 1.4, or 8.4 meters. 

Step 2 
a. Check figure 13 lo determine the extre me d epth 

of frost penetration. For Battle Mtn, frost d epth 
is between 0.50 and 0.75 meter. 

b. Return to table 2. Footnote d states, "Use the 
upper limit for each a rea delineated ." So use 
0.75 meter. The s leeve depth required to coun­
teract the effect of frost heave is 3 X 0.75 mete r , 
or 2.25 me ters. 

Step 3 
Permafrost is not a consideration here. The only 
locations where permafrost occurs in the co nter­
minous United Stales a rc Mount Was hington in 
New Hamps hire a nd the Front Range of the Colo­
rado Rocky Mountai ns. 
Step 4 

In this illustration, eli mi nati ng the effect of ex­
pans ive soils would require a n 8.4-meter s leeve, 
while e liminating fros t heave would require only 
a 2.25-metcr sleeve. The greater of the two, a n 
8.4-m cler sleeve, must be set. 

Part 8 . Rod depth/or class Brod mark. 

Part A must be s tudied to understa nd how the 
ex pansive character of the soil, climate factor, a nd 
extreme depth of fros t penetra tion were detcr­
mi ncd. The particulars are not repea ted here. 
Step l 
a. The soil is of low expa nsive character . 
b. Climate factor is 1.4. 
r. from table 3, compute the minimum rod depth 

for expansiveness of soil- 5 meters X 1.4, or 
7.0 meters. 

tep 2 
a. Extreme d epth of frost pe netrati on is between 

0.50 a nd 0.75 meter. Use 0.75 m eter. 
b. From table 3, the minimum rod depth required 

to counteract the effect of frost heave is 4 X 0. 75 
meter, or 3.0 meters. 



Step 3 
As in part A, permafros t is not a considerati o n. 

Step 4 
Expa nsive soi l requires a 7.0-meter rod , a nd frost 
hea ve r equires a 3.0-meter rod. M inimum rod 
d epth is the greate r o f the two-7.0 m ete rs. 

Step 5 
W hen a depth of 7.0 meters is r eached , if the rod 
ca n be dri ven faster tha n the allowable r a te, con­
t inue driving the rod until the r a te decreases to the 
maximum ra te a llowed . 

Example2 
Location: T h ief River Fa lls, Minnesota 

Part A. S leeve depth f or class A rod mark. 
Step I 
a . F ro m fi gure 7, the soi l is of low expa ns ive 

cha racter . 
b. F ro m fi gure I 2, the clima te factor is 1.1. 
c. F ro m ta ble 2, the sleeve dep t h requi red to pre­

vent cha nges in soil volume fro m cha nging the 
elevatio n o f the rod is 6 m ete rs X I.I, o r 6.6 
meters. 

Step 2 

a. From fi gure I 3, th e extre me depth o f frost 
penet ra tio n is between 2.25 a nd 2.50 m eters. 
Use 2.50 m eters. 

b. F rom table 2, the sleeve depth required lo coun­
teract the effect o f frost heave is 3 X 2.50 m eter s, 
or 7 .5 me ters. 

Step 3 

P ermafros t is not a considera ti on here. 
Step 4 

In thi s case, e limina tion of th e effect of expa nsive 
soils requires a 6.6-meter s leeve, w hile el imina ti o n 
o f frost heave requires a 7.5-m eter sleeve. The 
greater of the two, a 7.5-mete r sleeve, must be set. 

Part B. Rod depth/or class Brod mark. 
Step I 
a. T he soil is of low expansive character. 
b. T he climate factor is 1.1. 
c. F ro m ta ble 3, the minim u m rod depth whe n 

considering expa nsiveness of soils is 5 m eters 
X I. I , or 5.5 meter s. 

Step 2 

a. T he extrem e depth of frost penet ra ti o n is be­
tween 2.25 a nd 2.50 m eter s. Use 2.50 m eter s. 

b. F ro m ta ble 2, the min imum rod depth required 
lo counte ract frost heave is 4 X 2.50 meter s, o r 
IO.O meters. 

S tep 3 
Perma frost is not a considerati o n here. 
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Step 4 
Expa nsive soi ls require a 5.5-m eter rod, a nd frost 
heave r equires a 10.0-meler rod . The m inimum rod 
depth is the greater of the two- 10.0 m eter s. 

S tep 5 
When a de pth of IO.O meters is reached , if the rod 
ca n be driven fas ter tha n the allowa ble r a te, 
continue dri ving until the rate decreases to the 
maxi mum rate allowed . 

Ex ample 3 
Location: Alpine, T exas 

Part A. S leeve depth/or class A rod mark. 
Step I 
a. From fi gure I~ , the soi l is no nexpa nsive. 
b. F ro m ta ble 2, no s leeve is required to p revent 

c ha nges in soil volume from cha nging the e leva­
t io n of the rod . 

Step 2 
a. From fi gure I3, the extrem e d epth of fros t pe ne­

tra tio n is less tha n 0.5 m eter. 
b. From ta ble 2, no s leeve is required to p revent 

frost heave from cha nging the elevation of the 
rod . 

S tep 3 
Permafrost is no t a considera ti o n here. 

Step 4 
No s leeve is required to elimina te the effects of 
either expa nsive soil o r frost heave. Th is is a n 
exampl e o f a class A rod m ark wi t h no sleeve. Ac­
cording to note bin ta ble 2, the rod is dri ven to 4 
meters o r until its d r iving rate decreases to t he 
maximum ra te a llowed, whichever is the greater 
d epth. 

Part B. R od depth/or class Brod mark. 

Rod depths for class B rod marks in a reas o f no n­
expa nsive soils, extre me de pth of frost penetra­
t io n less t ha n 0.5 meter, a nd no per mafrost (a ll 
three conditi o ns sat isfied) are the same as rod 
depths for class A rod ma rks. T he o nly di ffer ence 
between the marks in these areas is that the class 
A m ark has no di sk , but an a lu mi num logo cap is 
built into the surface casement. The class B ma rk 
is topped with a disk a nd has a PVC plu g in the 
surface caseme nt. S ince the type o f surface case­
me nt can be used to d istin guis h visua lly between 
class A rod marks (whi ch a re more rel iable) a nd 
class B rod m a rks (less r e l iable), a ll rod marks in 
these areas set to specifi catio ns should be p rovided 
with a n aluminum logo cap, but no disk. W here no 
s leeve is r eq uired for the class A rod ma rk, class 
B rod m arks ar e not easier to set a nd, therefore, 
s hould no t be used . 



Exam ple4 
Location: Sourdoug h , Alask a 

(Between Paxton and Gulkana ) 

Part A. S leeve depth f or class A rod m ark. 
Step l 

The presence of perma frost overr ides this ste p. 
S te p 2 

T he prese nce of permafrost overrides this ste p. 
Step 3 

Consu lt Ma p 1445, P e rmafrost Ma p of Alaska (Fer­
rains 1965). The area around Sourd ou gh is gen­
e ra lly underlai n by th ick lo thin perma fros t. Loca l 
kn owled ge of conditions, availa ble from uti l ities 
compa ni es a nd local citi zens, shou ld a lso be con­
s idered. 
Ste p 4 

F rom table 2, t he s leeve de pth is 10 meters. 

Part B. Rod d epth fo r class Brod m ark. 
leps 1 a nd2 

The prese nce of permafrost over rides t hese steps. 
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Step 3 

F rom Map 1-445, the area is genera lly u nderla in 
by permafrost. 
S tep 4 

a. From local knowled ge, t he grou nd has never 
been known to thaw below 1.2 m ete rs. 

b. From ta ble 3, t he mini m um rod d ept h is 2.5 
X 1.2 mete rs, or 3.0 meters. 

S tep 5 

If the dri vi ng ra te is not exceedin gly s low, the 
si le is no t u nderla in by perma frost a nd a ne w rod 
depth will have lo be dete rmined accordin gly. 

No te: r n a reas of Alaska that are not u nderla in by 
pe rmafros t, in fo rmation on expa nsiveness of soi ls 
(suc h as t ha t fo u nd in figu res 7 t hrough 11 of t h is 
ma nua l) m ust be obta i ned loca lly if possible. 
When no infor mat io n is avai la bl e, step 1 is om itted. 
Extre me de pth of fro l pe netrati on, u ed in step 2, 
must a lso be obtained loca lly. 
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Dissimilar metals ........ .. . .. . .......... ......... ........... ... ....... 10 
Dri ll ing ............... .... ............. .. ........... 11, 15, 18, 19, 20-21, 25 
Earth mov ing equipment ........................ ... ....... .... . ....... . . 3 
E lectri ca l cabl es ....... .... .. . . . ............... . ........ .. . . . .. ..... 12, 15 
E lectrolyte .... ........ . . ..................... ... .......... ..... .... 10, 11 
E rosio n . . .................. . ... . ............. ...... ........ ... ...... 5, 11 
Expa nsive soi Is ............................ 3-4, 5, 9, 11, 15, 28-32, 43, 44, 45-46 
Fe nce lines .................................................. ... ..... 5, 35 
Fi ll ... .. ... .. ........ . .......... ...... . ... .. ........ ....... ...... ... .. 4 
Frost heave .. . .......... .... .... .... .... ..... 3,5,6,9, 11, 15,34,43,44,45-46 
Gas lines .... .. ........ .... ............................ . .. . ......... 12, 15 
Geoid .. ... . ............ .. ..... . ............... .. . ......... .... . 1-2, 37-40 
Geo logica l in formation .......................... . .................... 9, 11 
Ground water (see also water ta ble) ............................ .... ....... 3 
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Highways . .. ........ . ................... .. ........... .... 4, 5, 10, 11, 12, 13 
Hills .. . ................. . . . ............................ . .... .. ..... 6, 11 
Impact. .... .. .................... .. ................................ 3, 5-6 
Installation 

Of class A rod ................... . ..... . ....... ... ................. 25-26 
Of class B rod ... .. ..................... . ............. ... .......... 14-25 
Of disk .. . ........... ..... ...................... . ........... .. .... 13-14 

Junctions . .. ................. ... ........................ . ....... .. . ... 13 
Landowner . .... . ..................... .. ...... . ........ . ..... . ...... 12-13 
Line-of-position (LOP) ......... . ............. ... .................... . 6, 35 
Metric units .. . ................................... ........ .. . ....... iii, 36 
Mines .... . .......... . ........................ .. ...... . ..... .. ...... 2-3, 9 
Montmorillonite ............ . . . ................................ .... .. 3, 9 
Mortar ............. . ............. .. ....................... . ....... 13, 14 
National Geodetic Survey (NGS) .. ............ ... ................... iii , 1, 43 

ational Ocean Survey (NOS) ........ . ............................ iii , 25, 43 
ational Vertical Control Network .... . ...... .... ............ . .. iii , 1, 25, 43 
umeri c data ..................... ... ....... . .... .. . . ................. 35 

Permafrost ..... . ............................. . . . .......... ... 10, 27, 45-46 
Polyvinyl chloride (PVC) pipe .. . . .............................. 15, 18, 19, 26 
Private property ..... . ........... .. .................................. 6, 12 
Referencing ................ . .. ..... .. ..... .... ................... 6, 11, 35 
Rivers ....... . .................... ... .......... . . .... .......... 4, 5, 10, 11 
Roads ........... . ......................... .. ...... . ..... 4, 5, 10, 11, 12, 13 
Safety . . ...... . ........... .. .............. . ................... .. 12, 13, 15 
Sedimentary rock .. ..... ................... . .. . ............. . ... . ..... 4, 9 
Settlement ................ . ... ............ . ..................... . 4, 10, 43 
Sloped distances ..... . ........... . ..................................... 35 
Slope movement. ............ .. .................................. 4, 6, 9, 11 
Soi l 

Aeration ... . ... . ......................... . ............... . ....... 10, 12 
Classification . ............. ... ........... . .. . ................... .. 41-42 
Grain size . . ...................... .. ........... ... .......... 3, 6, 8, 11, 41 
Inorganic ................................. . . . .... .. ...... .. ......... 41 
Organic ... .. .................................... .. ........... . . . . . . 41 
Resisti vity ................................ . . . ............. . ......... 12 

Stabi lity ......... .. ............... . ................... 1-2, 6, 9-10, 13, 15, 25 
Streets ..... . .......... : ..... ... ...................... ... ... 4, 5, 10, 11, 12 
Structures ...... . ........ . .............................. 4, 5, 9-10, 11, 14, 43 
Subsidence ........ . .. .. ............................................. 3, 9 
Telephone cables .............. . .............. .. ....................... 12 
Thermal coeffi cient of expansion .. ....................................... 5 
Tidal bench mark ............ . . .. ................... .. ........... .. . 25, 43 
Trash . . . . . ....... ..... .. . .. . .... . ........... . ............. . .... 14, 19, 26 
Und erground pipes ........... .. ......... . . .... ..................... 12, 15 
Utility pol es ... . ............. ... ........................... 1, 4, 5, 11, 12, 35 
Vandalism . ........... . ............ . ................................... 3 
Vegetation ................................. .... .. . .................. 9, 11 
Water reservoirs ............ .... ............................... . . . ... 4, 10 
Water soluble salts .. .. . .. .... .. .. .... . . ........... . .................... 10 
Water table .......... . ...................... .. ......... . . . ........... 3, 6 
Weathering ................. . . . ........... .. . . .......... . ....... .... ... 9 
Well casings .. .. ..................... . .......... .... . . ................. 26 
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