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PREFACE
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The CEEDO Technical Monitor was Major Roger J. Girard and the Harco

Princi pal Investigator was Mr. Bernard Husock.
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Engineering and Services Center located on Tyndall AFB Flori da 32403.

This report has been reviewed by the Information Office (10) and is

releasable to the National Technical Information Service (NTIS). At

NTIS it will be availa ble to the general public , inclu ding foreign

nations.
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SECTION I
INTRODUCTION

The Problem
The Air lorce has recognized that cathodi c protection is an

effective and economic method for preventing corrosion of underground

metall i c struc tures such as pipe lines and tanks . In orde r to
determine whether cathodi c protection systems are functioning effec-

tively, it is acknowledged that it is necessary to take electrica l

measurements periodi cally. These electri cal measurements are the

structure-to-electrolyte potentials taken using a refe rence elect rode
placed in the soil or water and a voltmeter as shown schematically in
Figure 1.

HIGH RESISTANCE
VOLTMETER ____________

III— ±. I
5

REFERENCE ELECTRODE
POINT A

• ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

‘
~~ 4’ 4
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Figure 1. Pi pe-to—Soil Potential

Because the use of potential measurements is the only practical .~~~

method for determining whether a cathodic protection system is
operating correctly, it is important that the measurements be accurate

and correct.
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If it is assumed that the instrument is capable of accurately measuring
the voltage across terminal s, the correctness of the measurements
then depends upon the IR drops in the remainde r of the measuring ci rcuit.
The IR drops which contribute most to the introduction of e rror result
from resistance in:

1. the contact to the structure , point B in Figure 1
2. the contact between the reference elect rode and the

electrolyte - point A in Figure 1

The infl uence of resistance in the contact to the structure can
be reduced to a n-’~ligib le val ue by the use of test leads connected
to the structure. But where underground structures are situated under

paved areas , such as is the case in POL systems at Air Force bases , the

problems introduced in obtaining a correct potential have not been

p reviously ful ly explored. “These pavements may be as much as 2-1/2

inches of tar-rubber and 12 inches of bituminous material over a great
thickness of aggregate base or as much as 28 inches of Portland
cement. ” (Reference 1)

The work perfo rmed in eva luating and developing the technique s
and procedures for taking potential measurements on metallic pipe s and
other structures under paving as required under Phase I, was accomplished
at the Harco facil it ies in Medina , Ohio , from August 1977 to March 1978.
The final demonstration was performed on Apri l 11 and 12, 1978 at

facilities provi ded by the Air Force at Dove r AFB Delawa re.

Literature Review I -
~

Despite the self-evi dent nature of the problems inherent in
trying to obtain correct potential measurements on structures under

pavin g, there is very little in the standard texts and lite rature on
ca thodic protection that mentions these prob lems . While some of the
early Air Force (Re ference 2 ) and other gove rnment manuals (Re ference 3)
show no particular awareness of the p roblem, the 1975 Air Force

2
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pub lication by West and Lewicki (Re fe rence 4) does make mention of
the “stubby ” reference electrode and that its use “impro ves contact -
to -electrolyte where poor contact is anticipated or when readings are
taken through concrete or in frozen ground. ” Although texts by Parker

(Re ference 5 ) a~’d Applegate (Re ference 6) indicate that the need for
high resistance instruments is a result of resistance in the external

circuit , and the possible percent error effected soil contact resistance
is demonstrated by Applegate , there is no speci fic procedure recomended

for coping with paved areas. The British Code of Practice for Cathodic

Protection (Reference 7) discusses the need for a low resistance contact

between the reference elect rode and earth. It notes that in pavin g
“it may be necessary to bury the reference electrode in a pile of

- moist soi l or sand placed ove r the cracks between pavin g stones. ’t

It further states that “effective contact should be confi rmed by
varying the instrument scale range.” The use of varyi ng the instrument
scale range to determine the effect of the contact resi stance will be
discussed late r in this report. A recent publication by Myers and
Aimone (Re fe rence 8) mentions that “erro rs in measuring structure-to-
electrolyte potentials under areas covered with concrete can be
minimi zed by wetting the region and using a larger surface area

reference electrode having a flat porous plug. When possible , the
electrode shoul d be positioned over a crack in the concrete.”

• Research Hethodolociv

Althouah the existing literature does not make explicit state-
ments regarding the valid ity of potential measurements taken on paving,

the re i s the impli cat ion that i f the reference electro de contact is
sufficient to produce what appears to be a reasonably correct reading,
then the use of high resistance instruments and particularly potentiometer-

vo ltmeter circuits assure s the validity of the measurement. We coul d
find little in the lite rature giving any indication that the paving
itself exerts any sign ificant infl uence which distorts the reading or
produces aberrant resul ts.

• 
3
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Thus , even though there was little concern about any direct
infl uences from the pa ving, there were doubts as to whether presently
available measurement technique s could produce consistently correct
readings through the type of paving to be encountered at Air Force
facilities. There fore , there is a defin i te need to develo p techniques
which the corrosion technician can conveniently an d eas i ly use to
obtain ~o~’rect readings . In order to accomplish this , four fundamental
aven ues of approach were exp lored in our research. These are :

Impro ve ex i st i ng technique s by develo pi ng instrumentat ion
and reference electrodes to take readi ngs di rectly through
the paving .

2 Develop tools and procedures for penetrating directly

through the pav ing to the underlying so il.

3 Develop tool s and p roce dures for penetra ting hori zontally
under paved areas from adjacent unpaved areas.

4 Develop mathematical relat ionsh ips whi ch can be used to
calcul a te the true potentials in pave d area from the
readings obtained in neighboring unpaved areas.

p
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~ SECTION II

DISCUSSION OF METHODOLOGY

Improve Existing Techniques

This port ion of the wo rk centered on investigating whether
recently developed “state -of-the-art” instruments are more effective
than presently available instruments for measuring through pavement.
It is recognized that the sensit ivi ty and resistance of the vol tmeters

used befo re the adven t of elec tron i c , sol id-s tate instruments were
not suitable for taking consistently true readings through paving.

The resistan ce of those voltmeters rarely exceeded 100,000 ohm per

volt. In recent years, there have arri ved on the market a nunber of
• electronic instruments and vol tmeters, and an input impedance of 10

megohms has become qui te common. These are of both the digital and

analog type. An example of the digital type is the Danameter 2000

and an example of the analog is the Nilsson Model 540.

In testing, the performances of the following instruments

were compared:

•Aardvark Model PEC-VM

sMi ller Model H
•Nilsson Model 540

The Aardvark meter is an analog type meter wh i ch has an input

resistance of 1,000,000 megohms. This is probably the ultimate

which can be expected in increased input resistance. If successful

resul ts cannot be obtained at that leve l of resistance , it i s hi ghly
unlikely that increasing the resistance would result in any impro vement. - - 

-

The Miller Model H has the usual lO-megohm input resistance ,

but in addition , it has a push button which changes the input resistance

to 20 megohms . This feature, wh ich permits the user to measure the
- • voltage while changing the input resistance from 10 to 20 megohms , 

-
~

is analogous to measuring the voltage on two di fferent scales of the

same ins trument. If the reading on either scale is essenti ally

-1’
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identical , then the reading is considered correct. If there is a
di fference between the two readings , the correct voltage is calcu-
lated using the formula:

E = 
E1 E2 (R- l)

c

where E
~ 

= correct voltage

E1 = voltage reading on lower scale

E2 = vol tage readi ng on higher scale

R = 
Meter resistance at higher scale
Meter resistance at lower scale

When using the Mi ller MOdel H, the val ue of

R = 
2O m e g o h m s = 2
10 megohms

then E = 
E1 E2

C ~~ - L
2

The Nilsson Model 540 i s an instrument wh i ch also has a normal
input res istance of 10 megohms on volta ge ranges of 0. 1 vol t or more.
In addition , this ins trument has a unique feature which the
manufacture r calls “a true electronic self—bal ancing potentiometer”.

The manufac turer states that “when in the potentiometer mode the Model
• 540 will i gnore poor contact and high resistances in the external

ci rcuit. ”

Th us , in the eval uation of ava i la b le instrumentation , three
instruments which use di fferent approaches were considered: (1) the
Aardvark PEC—VM , wh i ch has an ex tremely high input resistance ,

(2) the Miller Model H which has a convenient means of changing input

res istance and calcul ating the true potent ial , and (3) the Nilsson
540 which has the electronic self balancing potentiometer.

Other instrumen ts s uch as the ESD Di gital and Danameter were
• also looke d at. These other instruments have hi gh impedance inputs
• (the ESD has 300 megohms), but they lack some of the speci al features

if 
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such as those on the Miller Model H and Nilsson Model 540. Because
the Aardvark has a 1 ,000,000 megohm input , it can be said to be
representative of the behavior of all straightforward high impedance
instruments.

In addition to evaluating instruments , we also judged the
various reference electrodes on the market, speci fically those which

are specially designed to reduce earth resistance con tact such as the
Tinker-Razor Model 31%, the “Fat Boy”. This reference electrode is
3 inches in diameter and comes with a sponge for maintaining a moist

contact to paving.

• 

-

- 

- Penetra te Through Pavi ng
• In our investigat ion of methods for penetrating through paving,

we looked for equipment which was not only able to drill holes through

concrete and asphalt , but which was (1) reasonably portable ,

- • (2) rel atively easy to use and (3) capable of reasonably fast performance.
Harco at first worked under the assumption that ft woul d be necessary

to “seal up” the holes after they have been drilled . In order to

properly seal paving wi th the various epoxy materials available , it
is necessary to drill a “clean hole ” or one in which all the fines

have been removed. We learned that the State of Kansas , Department of
Transportation (Reference 9) had developed techniques for drilling
snail diameter “clean holes ” in concrete bri dge decks for inject ing
epoxy resin for sealing. They have developed hollow stemed, carbide
dri ll bits to be used with vacuum equipment to remove the drilling
dust and fines whi ch could plug the holes and inhibit the effective-
ness of the seal ing with epoxy.

Because the Air Force indi cated that it would be preferable to
place permanent inserts into the drilled holes , rather than completely
sealing them, the investigation into the use of “hollow stemmed”

drill b its was abandoned. In addition , it was learned that there are
problems in attempting to use hollow stenined bits in asphalt based

p materi als.

P Thus , the work then focused on the use of rotary hamer drills.
Our invest igati on concentrated on drills made speci fically for drilling
in concrete. Some of the other drills are made for drilling in both
concrete and metal. However, experien ce with these drills proved them
inadequate .

7
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Penetrate Hori zontally Under Paving

A nunter of tools are ava ilable for boring small diameter

horizontal holes underground approximately 3 inches to 6 inches in

di ameter, for installing pipe or cable under paved areas. The best

known of these tools are the Pneuma Gopher manufactured by Schram, -j

Inc ., West Cheste r, Pennsyl vania and Hole-Hog manufacture d by Allied

Steel and Tractor Products , Solon , Oh io.

Both tools are air powered and claim to be able to attain a

piercing speed of up to 240 feet per hour , for di stances of 100 feet
or , depending upon the soil composition. Manufacturer ’ s literature

• cla ims that it is possible to track the tool electronically using a

conventional pipe locator.

In the or igi nal Harco p roposal we sta ted that we woul d “ex p lore
the p rac tica bi li ty of us ing these mach ines or adaptations of them,

for placing a referen ce electrode with an associated lead wire at

desi gnate d loca ti ons under the paving. ”
At a meeting on September 26 , 1977 between Harco and the Air

Force (Re fe rence l0)” it was deci ded that further work on this method
would be held in abeyance pending the outcome of the other work.”

Because of the reasonably “good” resul ts obtaine d w i th the other
methods described above and because this method was expected to be
more unwieldy than the others , no further work was done .

Mathematical Model
In some instances , it i s poss ib le to determine the e ffectiveness

of cathodi c protection on pipes u~der ~ving on which valid measurements 
$

cannot be taken , by extrapo1~it ing from resul ts obtained in unpaved areas.

This extrapolation often is~s the available information about the
configuration of the p iping and the geometry of the cathodi c protection -j
system together ~i~ b calculat ed potenti al gradients and attenuation
characteristics . Thus , the corrosion engineer, us i ng hi s experience
and intuition i’~ a s~nse , constructs a ma thematical model to make this

$ 8
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determination. Because of the variety of conditions and configurations
encountered in underground cathodi c protection work, mathematical
models of this type can be substantially di fferent from case to case.

Wi th the advent of computer technology, we believe it to be

• possible to construct mathematical models which wil l account for all
of the variables encountered. It would be the purpose of these models
to calculate the potential s of structures under pave d areas from
readings taken in unpaved areas. In the meeting of Septeither 26, 1977,
both Harco and the Air Force agreed that research into the use of
mathematical models would not be worthwhile unless the other techniques

- - prove to be unsatisfactory. Again , because of the reasonably good
results obtained with the other techniques, no work was done with this

— procedure.
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SECTION III

DISCUSSION OF RESULTS

Instrumentation Evaluation
The testing work in which various instruments were evaluated

with respect to their ability to consistently duplicate measurements

taken with respect to a reference electrode in both paved and unpave d

areas was performed in the paved parking lot outside the Harco

Corporation building in Medina, Ohio . These tests were pe rfo rmed
during the seco nd hal f of 1977 . The parking lot is paved w ith 4 i nches
of as phalt ove r crushe d stone. A seal i ng coa t had been app lied

• during the summer of 1977. Immediately adjacent to the asphalt
paving is a 3—foot wi de concrete sidewalk , which is 3 inches thick.
There is a grassed area on the other side of the concrete walk. A

layout of the area is shown on Figure 2.

Initi ally the ins truments evaluate d were:
Mi ller Mode i M- 3-M

Aardvark PEC-VM
Miller Model H

ESD Digital
Dana Meter Model 2000

Two months late r the Nilsson Model 540 was also incl uded.

As expected , the Aardvark PEC-VM showed the most consistent

capability for obtaining potentials through the asphal t in the parking
lot comparable to those obtained in unpave d areas. A typ ical set of
readings taken with the Aardvark is shown in Table 1. Also shown in

that table are the results when attempting measurements with the

potentiometer- voltmete r Lircuit of the Miller Model M-3-M. This
latter instrument pro ve d to be totally unsatisfactory and these resul ts
show that if val id  readings are to be taken through the as phal t, the
“old style ” non—elect ronic instruments are not suitable.

t
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TABLE 1. COMPARISON OF MILLER M-3-M WITH AARDVARK PEC-VM

Date: Septenter 14, 1977

Potentia l of steel bar in grassed area to copper-copper
sulfate reference electrode. (See Fi gure 2)

Potent i al Measureme nts
Reading (Millivolts)
No. Reference Electrode Location M-3-M Aardvark PEC-VM

• 1 In grassed area , 6 inches -540 -540
from bar

2 * On asphal t , 5 fee t No reading -535
from bar

3 * On as phal t 10 feet No reading Unstable rea di ng
from bar

4 ** Repeat 5 feet from bar , No readi ng -540
except w i th p ad under
hal f cell

5 10 feet from bar No reading -565

6 12 feet from bar No reading -580

7 15 feet from bar No reading -600

8 20 feet from bar No reading -590

9 25 feet from bar No reading -580

JO 30 feet from bar No reading -575

* In Readings 2 & 3, half cell was placed di rectly on
asphal t.

** In Readings 4 through 10 , a paper pad was placed under
the half cell and this pad was wetted with a copper
sul fa te solution .
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Because the Aardvark has the highest input impedance of any
of the instruments tested, it was used as a basis for comparison .
Although it was possible to obtain readings through asphalt with the

Miller Model H, those readings were almos t always less negati ve than
those taken with the Aardva rk PEC-VM, as shown in a typical set of

readings in Table 2. The readings in that table also show the

usefulness of the 20 megohm impedance and show that the calculated

potential values are within 5 percent of the values obtained with

the PEC-VM . Thus , comparisons made in the work at the Harco parking

lot indi cate that the Miller Mode l H can give results which compare
favorably with those obtained with the PEC-VM , although in many cases

• the actual reading mus t be cal culate d and cannot be read di rectly.
The cal culate d results obtai ned at Dover AFB w i th the Model H were
not as favorable as we shal l see later in this report.

Al though the Aa rdvark in general gave consistently good results , it
exhi bited some errati c behavior when a normal sized reference electrode

was hel d in place man ually on the paving. This errati c behavior was

attribute d to the extreme sensi tivi ty of the instrument. The “stubby ”

reference electrode which can stand without being held give s mo re stable
readings. Most of these commercial “stubby ” electrodes have plugs with
corrugated surfaces. Al though the PEC-VM is capable of obtaining

reasonably stable readings when contact to the paving is made through
this corrugated plug , the use of a wetted sponge placed between the

plug and the paving facilitate s stability.

The PEC-VM used during the testing at Rarco requi red AC power.

It was later equippe d with a batte ry pack for use during the testing

at Dover AFB .

The work at Dover with the PEC-VM (see Appendix A for a coimlete

description and results of the work done at Dover) showed that this
instrument yielded comparable resul ts except that on a freshly repaved
and sealed asphalt surface, a reading was unobtainable wi th all
instruments incl uding the PEC-VM . In tests at Dover, comparin ci the
Model H with the PEC-VM and other instruments , the cal culated values

13
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TABLE 2. COMPARISON OF MILLER MODEL H WITH AARDVARK PEC-VM

Date: Septenter 21 , 1977

Potenti al of steel bar in grassed area to a copper- copper
su lfate re ference electrode . (See Fi gure 2)

Potential Measurements (Mil l ivol ts )
Mill efl~ d~lThReading Refe rence Electrode Aardvark 10 20 Calculated

No. Location 
- 

PEC-VM Megohms Megohms Va l ue

1 In grassed area , -525 - 525 - 525 — 525
6 inches from bar

2 2 inches from bar , -810 -820 -820 -820
half cell all on
concre te

3 6 inches from bar , -560 -305 - 400 -581
half cell all
directly on asphalt

4 6 inches from bar , -580 -240 -335 -554
half cel l on asphalt
through wet sponge

Following measurements are potential of a water line :

5 Half cell in grass -535 -540 -540 -540

6 Half cell on concrete -780 -780 -780 -780

7 Half cel l on asphalt -5~~
j -520 —550 —584

14
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obtained with the Model H did not compare as favorably as they did
during the Medina testing work.

The ESO and Dana Meter digitals were tested at Medina. Although

they were used to some extent at Dover, they were not rigorously

tested there. Both of these instruments yielded surprisingly good
resul ts. As expecte d, the highe r resistance instrument , the ESD
(300 megohms) seemed to produce more consistent results than the Dana

Meter (10 megohms). Both instruments exhibit a problem inherent in

many digital meters, that is fluctuating changes in the nunters shown

during unstable situations making it physi cally di fficul t to read the

instrument.
The testing work done with the Nilsson Model 540, produced resul ts

which were comparable to those obtained with the Aardvark PEC-VM . Even

though the normal input impedance of the Model 540 is 10 megohms and
the readings taken at some loca tions on as phalt were cons iderably less
than those taken with the PEC-VM , the use of the self-balancing
potentiometer circui t yielde d readings whi ch were substantially
identical to those taken with the PEC- VM. This self—balancing feature
is unlike the “old style ” potentiometer-vol tmeter ci rcuits in which a
reading is taken on one meter movement afte r dial adj ustments bal ance
out the current to zero on a secon d movement. The Model 540 has a
single push button adjustment which is hel d down while the needle on

the movement moves upscale. A correct reading is obtained when the
needle stops moving upscale. A disadvantage of the instrument is
the length of time sometimes necessary to achieve complete balance .

On some occassions , it was necessary to keep the button depressed for
more than two minutes. With a push button control , this can be physically
uncomfortable and a leve r type switch rather than a push button woul d be

an improvement. As with all potentiometer circuits , thi s instrument
shoul d not be used in areas of stray current. Othen,ise, it appears

to be a completely reliable instrument which yields readings as correct

p ‘- as those made with the PEC-VM . It is li ghter weight and more

convenien t for use in the field and is less sensitive to spurious

voltages.
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Effect of Paving on Readings - Concrete

During the course of the testing work at Medina , an unexpected

problem was noted which was entirely unrel ated to the instrumentation.
As can be seen from Reading No. 2 in Table 1, the potential ob taine d

wi th the reference electrode placed on the concrete was di ffe rent
f rom pot’ntials wi th the reference electrode placed on adj acent
grassed areas and adjacent asphalt areas . In almost all cases in
the Medina test ing, the readings on concrete were more negat i ve
(higher in value ) than those taken on the grass or asphalt a few feet
away. These di fferences were often substantial , exceeding 150 milli-
vol ts. There was no ga lvanized wire mesh or reinforcing bars in the
concrete to which the di fferences coul d be attributed. Nei ther coul d
the differences be attributed to unusual IR drcp in the paving because
there was no applied cathodi c protection. In one case we even dug out
the soil at the edge o~ the concrete slab and placed a reference
electrode in the soil under the slab. That reading was approximately
100 millivol ts less negative than the reading taken with a reference
electrode placed on the slab di rectly above. Because of these findings ,
additional experiments were initiated at the Medina facilities to see

if a reason for these results could be established . A lite rature
search was also undertaken to dete rmi ne whether anyone else has
reported similar findings . This work is more fully discussed in

Appendix B.

Similar results were obtained in the testing work at Dover (see

Appendi x A ) where readings on concrete were 40 to 180 millivolts more
negative than on adj acent grassed or asphalted areas. At one location
where the soil at the edge of 16 inch thick concrete slab was dug out ,
the potential to a reference electrode under the slab was -600 milli-
vol ts with the rectifier off and -940 millivo l ts wi th the rectifier on
as compared to readings of -670 millivolts “off” and -1000 millivolts
“on ’ to a reference electrode on the top of the slab directly above .

It is sign i fi cant that the changes in potential (delta E) with the

cathodi c protection current off and on were substant ially the same

-T indicating that the readings are not infl uenced by JR drops in the

16

• 
-
~--~~~

—..— kAc. ~~~ ~~~~~~~~~ 
.
~~~~~_ •i. ~~~~~~- ------- - • ~~~~~~~~~~



~ - -~~-~ - — _~ --~~~~----- --- - - ----~~‘-- -~~--—-- ---  

~~~~~~~~~~~~ _______________________

~1

concrete. When the reference electrode in this area is moved onto
the slab 5 feet from the edge, the potentials were -740 millivo l ts
off and -1100 on. Again the changes in potential (delta E) were
not appreciably affected, but the respective readings were 140 to
160 mi llivol ts more negati ve wi th the refe rence on the concrete than
in the soil under concrete .

Although in most instances readings on concrete were more

negati ve than those taken in soil , there are cases reported where

the reverse condition is found. In fact, tests at Medina (See

Appendi x B) yielde d results in both di rections. The amount of moisture

in the concrete had considerable effect and readings changed and
drifted as water was added either physically or by rainfall.

• In askin g for comments from the Harco field engineers about

their experience with readings on concrete, there was considerable
belief that concrete infl uenced the readings to be lower than in

so il. One comment was “most of the potentials I have personally

measured appear to be low when read through concrete - although this
is not necessarily always the case”. This same engineer then made a

statement wh i ch we consider to be highly appropriate , “I don ’t trust
the readings”.

A set of measurements taken at paved gas stations in New
England suggest that in f ield measurements the readings on the
concrete are more negative than those in soil. Table 3 lists the
results of potential measurements taken on hydraulic lift cylinders
at these stations. Soil readings were taken through holes drilled

• through the concrete and readings on concrete were taken 3 inches
to 6 inches from the test holes and the surface was watered. Here
again we find that all of the readings on the concrete are more
negati ve than the readings in the soil. The di fferences in the
“off” readings ranged from 20 millivolts to 260 millivolts .

t
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TABLE 3. COMPARISON OF POTENTIALS IN CONCRETE AND SOIL -

SERV ICE STATI ONS IN NEW ENGLAND

POTENTIAL IN SOIL POTENTIAL IN CONCRETE
Mi ll i volts Mi llivolts

LOCATION CURRENT OFF CURRENT ON ~1T~~~1T OFF CURR~NTThN

Roxbury, Mass . -550 - 770 -810 -1100

Portsmo uth, N.H. -600 - 910 -800 -1060

Portsmo uth, N.H . -940 -1590 -960 -1740

Hudson , N .H . -130 - 135 -300 - 330

Mal den , Mass. -440 - 555 -550 - 565

S tove lawn , Mass. -475 - 490 -585 - 590

Burl ington , Mass. -670 - 860 -810 —1020

Bellinyham , Mass. -430 - 930 -600 -1070

Marboro ugh, Mass. -420 - 545 -565 - 575

$ 1

/ 
~~~~~~~~~~~~ ~~.-- ~~ ~~l~’-~ 

- 

~~~~~~~~~~~~~~ 
- - . 

—-~~~~~~~~~~
-,•

~~~



•
~1 - ~~~~~~~~~~ •— ~~~~~ —- — ~~- —. — -

~ — — -
- - -  —~

.----- -— - — —--- -- .
~~~~~~

.-_- --
~~~~~~~

In our search of the literature , we find as previously noted
little re lated to the mechanics of potential measurements. The
major concern in most literature is about the effect of the “contact
resistance ” between the reference electrode and the soil. We found
only three papers (References 11 , 12 and 13) in which the e ffects
of “liquid junction potentials ” is noted. Although there was nothing
state d about the effect of concrete , Ewing indi cates that measurements
covering a range of pH 3 to pH 10 showe d differences between the half
cells of 4 to 6 millivolts with the half cell in the alkaline
envi ronment being positive . Scott states that “dry, porous, sandy
soils may show as much as 20 mi lli vol t~ var iation in potent ial i f
wate r is adde d about the porous plug” . In an attempt to try to
learn something about the mechanism invol ved, we carried out tests
both in the field and in the l aboratory, as described in Appendi x B.

The fiel d simulation used concrete slabs 2 feet x 2 feet x 2

inches thick. As noted , there was neither consistency in the potential
di fferences between readings in soil and on concrete, nor reproduc-
ibility. There was dri fting in the readings as water was adde d with
no definite patterns as related to amount of moisture . In most
instances , the addition of wate r to the concrete resulted in a more
negati ve potential al though there we re instances whe re the reverse
occurred.

The l aboratory simulation used a plastic container filled wi th
soil , one half of wh ich was paved with concrete. No sign i fican t

di fferences in rotential were measured between a hal f cell in the
soil and one on the concrete. Nor were any sign ificant potential
differences measured between two hal f cells , one of which was immersed
in Medina tap water of pH 6.5 and the second in a solution of pH 13.

Thus , neithe r the field simul ation or the laboratory simulation
was capable of producing the relatively large differences in potential
encountered in the field work.

I-
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Effect of Paving - Asphalt

In the work done at Medina , no distorting infl uences we re noted
in readings taken wi th the reference electrode placed on the asphalt.

Various instruments as noted were capable of reading directly “through”
the asphalt. The liquid ’junction effects” noted on concrete were not
note d on the asphalt. In the Medi na tests , al though the asphalt had
been “sealed” , it appa rentl y had not been sealed well  enough to
prevent or interfe re w ith getting a reading. At Dover , howeve r, there

was new asphalt paving of sufficient thickness and apparently

suff i ciently well sealed to p revent the acqui s iti on of a read ing

di rectl y through the pa vement with any of the instruments. On the
othe r hand, in olde r asphalte d areas which were cracked and fissure d,
readings were obtained easily.

It was found that readings which appeared to be real could be

obtained eve n on the well sealed surfaces when wa ter “bri dges ”
connecte d reference electrode s pl aced on the well sealed surface to
a crack or to an unpaved area. Thus , it is possible to obtain what
is apparently a true reading on a totally insulating as phalt surface
when in fact what we are actually reading is the potential at the

location of a crack in the asphalt or the potential at an unpave d
area wh ich is some distance away from where the point where the

refe rence electrode is actually placed. With all of the cont inations
of asphalt geometries and cracking pattern s as well as the bridging

effects of water on the paving, it can be appreci ated that the
particular potential measure d at a given location may be actually
totally unrelated to the true po tential which exists at that
location. The effect or aging on the quality of the paving, in
that additional cracking could be expected as the asphalt ages,
coul d introduce problems in reproducing true readin gs year afte r
year. In suniiia ry, even though it is often possible to obtain what
appears to l~e a reading directly “through” asphalt with the new
electronic voltme te r, there are too many uncertainties as to what
is actually being real to conclude that these readings are authentic.

20
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Penetration Through Paving

Because of the indi cated innate uncertainties which exist when

taking potential measurements wi th a reference electrode placed on
paving, either concrete or asphalt , even with the most sophisticate d
instrumentation , it is obvious that the only procedure wh ich would
make sure that the reading is that of the “true ” potential is one
where the reference electrode is in contact wi th the soil in wh i ch the

structure is installed. In the l arge, extended paved areas at Air
Force fac ili t ies , the only way to obtain contact wi th the soi l is to

drill holes through the paving. Once the hole is drilled , it is

F - 

- 

preferable to instal l a permanent pavement insert for future use
rather than merely reseal the hole. Becaus e the commerci ally
avai lable standard copper-copper sulfate reference electrodes are
more than 1 inch in diameter and because it woul d be advantageous
to keep the hole size as small as poss ible , we investigate d ways
to adapt conEiercial reference electrodes for use through smaller
di ameter inserts. Thus , we focussed our attention on doing the
following tasks:

1 Acqui ring the tools and know how to drill holes through

both asphalt and concrete paving in thickness up to 28
inches. Hole s i ze shoul d be sufficiently large to
accommodate commerc ially availa b le pa vement inserts , but

as small in diameter as possible in order to expedi te
drilling.

2 Selecting the pavement inserts and materials for permanent
installation in the drilled holes.

3 Construc ting small di ameter extensions (bri dges) to standard

copper-copper sul fate half cells which can be inse rted

through the drilled holes to make adequate contact to the

underlying soil.

I
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Initially we believe d it necessary to have a “clean ” hole free
of drillin g dust and fines. We learned that state and federal high-

way agencies have had a need for drilling these same types of holes
for the repair technique invol ving the injection of epoxy into bridge

deck delaminations (hollow planes). As part of this study , we
inte rviewed F. W. Stratten of the State Highway Commission of Kansas

who had developed hollow-stemmed , carbi de tipped drills , adapted

for use with vacuum cleaner type equi pment which woul d evacuate the

drill dust through the hollow stem of the drill.

Althou gh we have reason to believe that the equipment developed

for this purpose is capable of performing as claime d, it was decide d - -

that it was not capable of drilling holes sufficiently large in

diameter and depth for our purposes. The equipment necessary for

this drilling is specialize d and expensive . It is our opinion that

the stringent “clean ” hole requi rement necessary for effective epoxy

injection is not requi red for our app licat ion. We bel ieve that holes
drilled with commercially available equipment would be adequate.

In selecting equipment required for hole drilling, we
eva luated the equipment on the bas i s of the follow ing cons iderat ions:

1 Availability

2 Capability in both asphalt and concrete
3 Portability

4 Facility of use
5 Speed of penetration

6 Cost

As a result of th is eval uation , we selecte d the rotary haniner
drill as manufactured by Hil ti Fastening Systems , Stanford ,
Connecticut , Mode l TE 60. This drill and the accessory drill bits
are judged to be fully adequate for the task on the basis of the
above conside rations. The only possibl e reservation mi ght be cost.
At the time this work was done , October 1977 to May 1978, the cost
of the TE 60 was $695.00. This pri ce does not include the tungsten
carbide tipped drill bits. It was found that two drill bits are
required to achieve the type of hole we conside red appropri ate and

22
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convenient. We used a 1-3/4 inch drill to drill a hole adequate

for installing a plastic pavement insert and then used a 7/8 inch
drill for the remainde r of the penetration through the paving.
A 1— 3/4 inch drill bit with an effecti ve drilling length of 11-5/8

inches costs $152.00 and a 7/8 inch drill bit with an effecti ve

drill ing length of 32 inches costs $196.00. Hilti also manufactures
the Model TE 17, which costs $405.00. This model is capable of

uri ll ing holes only up to 7/8 inch diameter.
The TE 60 can be energized from a 115 VAC outlet and according

to the manufacturer ’s specifi cations will take 7.7 amperes. In

order to achieve complete portability, we used a gasoline fueled
motor generator for power. We selected a 1200 watt , motor generator ,
Model RAIZO as manufactured by the McColloch Corporation , Los Angeles ,

Cal ifornia. This generator is dri ven by a two cycle engine and is

designed with a rotating field rather than a rotating armature,
thereby eliminating the need for brushes. It is our opinion that
although this feature makes this machine somewhat superior to other

similar generators, most other motor generators rated to deliver at

least 1200 watts at l15/VAC should be equally as effective in
providing power to the TE 60. A generator adequate for this purpose

should be available for less than $300.00.

In the testing work at Dover, this equipment proved to be

completely satisfactory. (See Appendi x A) Holes were drilled
in both asphalt and concrete; the asphal t was approximately 8-1/2

inches thick and the concrete was approximately 16 inches thick.
The 1-3/4 inch bit was used for the top 6 inches for placing the
pa vement insert, and the remainder of the hole used the 3/4 inch bit. -4 

- •

— The ela pse d time for the drilling was less than 5 minutes in eve ry
case. It is assumed that the asphal t and concrete through which this

drilling was accomplished at Dover is representative of typica l

pavements used at most Air Bases and that this type of drilling

equipment will be adequate for almost any type of paving likely to

be encountered up to a thickness of 32 inches.

23
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Pavement Inserts

For pavement inserts , we selected the 1-3/4 inch x 6 inch
pl astic inserts man ufactured by Centra l Plastics Company , Shawnee ,
Oklahoma . This insert has a cadmi um plated , socket head , pipe plug
to provide a 3/4 inch opening which can be removed easi ly for insertion

of the reference electrode. In the work at Dover, these inserts were
easily installed and sealed in the drilled holes . There was no
di fficul ty in sealing the inserts using Future Patch. The 3/4 inch

opening when the pipe plug was removed was adequate for the insertion
of the modi fied copper-copper sulfate reference electrode. The
plastic Auto—Test Insert manufactured by Heath Survey Consul tants

may also be used. This has a 1-5/8 inch diameter x 5 inch long
plastic body wi th a removable metal pl ug at the top which provi des

a 3/4 inch opening. A 1-5/8 inch drill bit is required for installing

the Heath pavement insert. Both inserts can be dri ven in place wi th

a rubber hammer or block of wood.

Reference Electrodes
As part of this study , Harco built a nunter of prototypes of

copper-copper sulfate half cells wi th “salt bri dge” extensions. There
were two types of extensions , one constructed of clear flexible 3/8

inch polyethylene tubing and the other of clear ri gi d 5/8 inch tubing.
At the Dover tests, both performed adequately al though there was some

question as to the suitability of the wooden end pl ug. If hal f cells

such as these are manufactured for general use, a cerami c type p lug
shoul d be used. Because pressure was needed for contact of the half
cell in the aggregate below the paving, the rigid extension was better
sui ted for this work. In the init ial stages of this study , the use of
a small diameter reference electro de was contempl ated, but the salt
bri dge extension was considered to be more practical .

It is our opinion , that the testing of a cathodi c protection
system on piping wh i ch is under paved areas at Air Force Bases can

be readily accomplished through the drilled holes using pavement
inserts and specially adapted reference electro des. A “Gui de for
Drilling Holes and Installing Inserts” is given in Appendi x C.
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It is possible to have a relatively high contact resistance
even through the holes in the pavement, unless all debris and
drilling fines are removed from the hole. Furthermore, sufficient
water shoul d be poured into the hole to saturate the bottom surface
before attempting to take any potential measurements. The effects

of high contact resistance can also be minimi zed by using an

electronic instrument such as those eval uated during this study.

Uni ted States Air Force Testing

Subsequent to our testing , the ci vi l engineering personnel at

Dover AFB installed several Heath pavement inserts using the pneumati c

drill and a 1-5/8 inch drill bit authorized by Table of Allowance 008,
National Stock Nunther 3820-00-275-2615. The time required for
equipmen t set-up, drilling and installing the insert complete was
less than 8 minutes. In addition , the drilling fines were easily
removed by blowing compressed air through the drill bit into the
bottom of the hole. The procedure used by the Dover AFB personnel

is also include d in Appendix C.

.+i
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SECTION IV

CONCLUS IONS

Older type non-electronic instruments even those with potentiometer
vol tmeter ci rcui ts were deficient in performance where contact
resistance was extremely high such as on asphalt paving.

2 All of the electronic vol tmeters tested were effective in reading

potentials through almost any pavement except for newly laid, wel l

sealed asphalt. An eva l uation of each of the instruments tested

giving the advantages and limitation of each , is given in Appendi x D.

3 Even where readings were obtained on paving, it was found that
errors resultin g from the effect of the pavement itself , both

as phalt and concre te , make apparently correct readings questionable.

4 On as phalt , there is uncertainty as to whether the potential read

is indeed the actual potential at the speci fic reference electrode
location. For examp le, though readings were not obtainable on
newly la id , well sealed asphalt even with the highest resistance
voltmeters, “water bri dges” to cracked asphalt or unpave d areas
produced an apparent authentic reading at that well sealed location ;

that reading could be totally unrelated to the actual reading at
that loca tion.

5 On concrete, it was found that readings di ffered from adjacent
readings in soil often by substantial amoun ts (in excess of 100

millivol ts). There was no consistency found when trying to correlate
these di fferences. Most often readings on concrete were of higher
negative va l ue than readings in soil , but reverse conditions were

also found. Rarely were the readings on concrete and adjacent
soil i dentical.

6 Laboratory simulations comparing measurements on concrete with
those in soil did not dupl icate the findings in the field.

‘I
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7 Measurements of potentials between reference electrodes in waters
of different pH did not yield values which would account for the
effect of the concrete on potentials measured in the field.

8 Penetrations , sealed with pavement inserts , were easily made
through both asphalt and concrete pavements of the thicknesses
encountered at Air Force facilities.

9 Copper-copper sul fate half cells modified to permit placement
through pavement inserts perform effectively.

•
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SECTION V

RECOMMENDAT IONS

1 Where contact resistance between the reference electrode and a
surface is high, use an electronic voltmeter with an input
resistance of at least 10 megohms . The higher the resistance ,
the better. Do not use older style analog meters even those
with potent iometer—voltmeter circuits .

2 Avoid taking readings on either asphalt or concrete paving. If
such readings are considered to be essential and penetrations

through the pavement cannot be made , be aware of the errors that
are introduced by both the asphalt and concrete.

3 Where truly accurate potential readings are required , penetrate
the pavement by drilling and installing plastic inserts as
described in Appendix C.

4 In taking readings through the pavement penetrations , minimize
the effect of high resistance contacts in the aggregate under
the paving by saturating the bottom surface of the hole with
water.

I
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APP ENDIX A

TEST RESULTS - DOVER AFB 
—

INTRODUCT ION

Demonstration validation tests as required under this contract
were conducted on Apri l 11 and 12 , 1978 at two sites provide d by the
Air Force at the Dover Air Force Base , Dove r, Delaware. The fi rst
site was along Ramp Road east of 8th Street, north of Building 582
and the second site was west of the POL pit , north of Bui l dina 501 ,
the Operations Control Center. Layouts of these s i tes are show n on

Figures A- i and A-2. -;

Those participating in this testing were:

Bernard Husock Harco Corporation
John Hennessy Harco Corporation
James Dimond Harco Corpora tion
Paul Rothman Harco Corporation
Major Roger Girard U.S. Air Force/CEEDO
Miles Pel ton U.S. Air Force/Dover AFB

At the first site , measurements were taken along the 10 inch
Fuel Line. As Figure A— i shows, that line runs beneath a va riety of
surface conditions in this area, namely: (1) new ly laid and sealed
asphalt , (2) grassed area and (3) a concrete ramp. The roac~iay
immediately nort h of the line has cracked and fissured asphalt as
well as concrete paving. There is a test box in which there is a

test wire connected to the pipe and there is a rectifier which
energizes a deep anode bed along 8th Street just north of the pipeline.

At the second site , readings were taken on a POL line which runs
under a grassed area as well as under an asphal t covered concrete slab.
Con tact to the line was made inside the POL pit. - —

OBJECTIVES
The major objectives of the testing work perfo rmed were as

‘ fol lows:

1 To determine whether effecti ve test holes can be expeditiously
drilled through the types of paving encoun tered at Air Fo rce
facil i t ies with the tools and procedures developed by Harco.
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2 To determine how well (or poorly) the va rious “state-of-
the-art” instruments perform on Air Force paving.

3 To determine whether val id readings can be made using the
reference electrode adapted for the purpose of reading - 

-

through drilled holes.

INSTRUMENTS EVALUATED
The primary emphasis was p lace d on evalua ting the followin g

instruments :

1 PEC-VM , Modular High Impedance Voltmeter

Aardvark Instruments

2 Model H, Multi -Combination Meter
Miller Company

3 Model 540 Volt -Ammete r
Nilsson Electrical Laboratory , Inc.
New York , New York

Also used to a smal l degree during the test ing work was the
Danameter Model 2000.

DRILL ING EQUIPMENT
The following equipment was used for dri lling the requi red ho l es

in the pavement:

1 TE 60 Rotary Hammer Dri ll
115 vo lts AC 50/60 Hertz , 7.1 amperes
Hilti Fastening Systems
Stamford , Connecticut -

~~~

2 Drill Bit

1-filt i TE 60/WB - 7/8 x 36
Catalog No. 56200036
7/8 inch diameter - 36 inches long

Effective drilling length - 32 inches

32
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3 Drill Bit
Hilti TE 60/DEF - 1-3/4 x 17

Catalog No. 5620160
1— 3/4 inch diameter - 17 inches long

Effective drill length - 11-5/8 inches

4 AC Motor Generator
Model RAIZO

1200 wa tts , 115 volt , AC

McCulloch Corporation
Los Angeles , Cal iforn i a

REFERENCE ELECTRODES
During the testing work , the following reference electrodes

we re used:

1 Model 6A, copper-copper sulfate 1-1/4 inch di ameter x

6 inches long
Tinker & Rasor

2 Mode l 3A, “The Fat Boy ” - copper-coppe r sul fate, 3 inches
in diameter x 5 inches long
Tinker & Rasor

3 Model RE-3, copper—coppe r sulfate

M.C. Mi l ler Company
Upper Saddle , New Jersey

4 Modified Model 6 A

3/8 inch x 2 feet flexible plastic tubing extension

Adapted by Harco Corporation

5 Modified Mode l 6 A

Wi th 5/8 inch O.D. x 2 feet rigid plastic tubing extension
Adapte d by Harco Corporation

J - -I;
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INSERTS
The pavement inserts placed in the drilled holes were:

Plastic Pavement Inserts
1— 3/4 inch di ameter x 6 feet long

Centra l Plastics Company
Shawnee, Oklahoma

These were sealed into place using:

Future Patch
Asphalt Cold Patch
21st Century Paving & Construction Materials , Co rporation
Solon , Ohio

RESULTS AND DISCUSSION

Test Holes

Two holes were drilled at the fi rst test site . One hole was
through the asphalt on 8th Street di rectly above the 10 inch fuel
line and the othe r was through the concrete ramp lea ding to Building
582, also directly above the 10 inch fuel line. See Figure A— l . In

both cases , the 1-3/4 inch drill bit was used to drill a hole 6 inches

deep , deep enough to acconinodate the pavement insert , and then the
7/8 inch drill was used to penetra te the remainder of the paving. All

the machines performed satisfacto rily and the holes in both asphalt
and concrete were drilled in less than 5 minutes elapsed time . No
water was necessary for the drilling.

The hole through the paving at the second test site was also

drille d without di fficulty. The paving at that site was asphalt over
concrete.

Pavement inserts were easily installed and the Future Patch
material appears to provi de an adequate seal.

35
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Potential Measurements

Site No. 1
We fi rst established the normal pipe-to-soil potential which

exist on tile ten inch fuel line by taking a potential profile along
that line in the grassed area. Readings were taken with the reference
electrode placed directly above the line as well as 20 feet south of
the line. The profile was taken fi rst with the rectifier unit
de-energized and then repeated wi th the rectifier cycled on and off .

The values of potential measured are liste d in Table A-i.
These potential meas urements show that there are no unusual

potentials alon g this line which would interfere with the tests in
paved areas. There are no fluctuating stray currents; the potential
gradients and changes in potential resulting from the energizing of
the cathodic protection system are those which woul d be expected on
a coated pipeline cl ose to the ground bed.

At the location where the hole was drilled in the asphalt on
8th Street, it was not possible to obtain a potential with any o~
the instruments even after “roughening and watering ” the surface.
Using the modified half cell wi th the rigi d extension through the
drilled hole , the following readings were obtained wi th the recti fier
off:

Nilsson -720
Aardvark -720 to -750 millivolts

The reading wi th the Nilsson appeared to be more s table and
it mi ght be more accurate than the reading on the Aardvark . Adding
water to the hole did not change the reading. Thus , the modi fied
re ference electro de appeared to function effecti vely. The reading of
-720 millivolts is more negati ve than the reading in the grassed area
10 feet to the east. The rectifier was “off” . The “on ” reading in
the hole of -1000 millivolts is approximately the same as those
obtained in the grassed area.
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More extensive testing was performed at the hole drilled in the
concrete ramp. A s ummation of the resul ts ob tained from the testing
at the location is gi ven in Table A-2. These tests indi cate the
following:

1 Despite the hole drilled through the concrete, there was
apparently enough aggregate and fines to produce high
resistance contacts sufficiently large to necessitate the
use of a high impedance instrument.

2 The readings obtained with the Nilsson 540 and the Aa rdva rk
we re close enough to one another in most of the tests to
indicate that the readings were valid.

3 The calculate d val ues obtained with the Model H were in most

cases suffi cien tly di fferent from the value s read on the
other instruments to indi cate that the Model H calcul a ted
values are in error.

4 The readings taken wi th the various types of modi fied

reference electrodes indi cate that these extensions can
be used for thi s app licat ion. The resul ts in Test No. 12
using the 3 foot extension , showed potentials less negati ve
than genera lly obtained and coul d be attributed to some cell
contamination .

5 The readings on the surfa ce of the concrete were more
negative than those in the hole.

6 The change s in potential (A E) obtained when turning the
rectifier on and off we re substantially the same on the
surface and in the hole. ~ • -

* In order to confi rm whether the concrete itself could infl uence
the potential , a series of readings were taken along the ~‘est edge of
the ramp to Building 582. A summation of the results obtained are
listed in Table A-3. These readings were taken with conditions as
found; no water was poured on the concrete during the taking of this

- -4. ~ set of read i ngs . It can be seen that all the readings were substant-
ially more negative with the reference electrode on the concrete than
they were on the adjacent unpave d area.
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TABLE A—i . POTENTIAL PROFILES — 10 INCH FUEL LINE
TEST SITE NORTH OF BUILDING 582 IN UNPA VED AREA

Mill ivolts
Location of Static Potentials Cycled Potentials

Reading Reference Over 20 Feet Over Line 20 Feet South
No. Electrode Line South Current Current

— Off On Off 
— 

On

1 Edge of asphalt -640 -620 -680 -1050 -640 -1400
at 8th Street

2 2.5 feet east -640 -600 -660 -1050 -640 -1350

3 5 feet east -620 -600 -610 - 990 -650 -1300

4 7.5 feet east -640 -600 -620 -1000 -640 -1250

5 10 feet east -620 -590 -670 -1050 -630 -1200

6 12.5 feet east -620 -600 -690 -1050 -670 -1200

7 15 feet east -620 -600 -680 -1050 -650 -1150

8 17.5 east -620 -560 -670 -1050 -560 -1050

9 20 feet east -620 -560 -700 -1050 -600 -1050

10 73 feet east -580 -- -580 - 930 -550 - 800

All readings taken with Nilsson Model 540 voltmeter.
Rea dings wi th othe r instruments at some locat i ons were
essentially the s ame.
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TABLE A-2. POTENTIAL MEASUREMENTS AT HOLE iN CONCRETE RAMP
NORTH OF BUILDING 582

Millivolts
Potential — 10 Inch Fuel Line
Ins trument Used

Test Hal f Cell Location Nilsson Miller
No. and Conditions 540 Model H Aa rdvark

On concrete - dry -740 -720 -740

2 On concrete - after wetting -760 -750 - 750

3 In hole - dry -580 ~468* -540

4 In hole - afte r 15 minutes** -520 _590* -500

5 In hole - after firmly seating -640 _590* -600
hal f cell

6 In hole - after installing -640 _l055* -620
insert

7 On concrete surface - rectifier -1100 -1100 -1050
“on”

8 On concrete surface - -760 -740 -740
rectifier “off”
On concrete surface 340 360 310

9 In hole - half cel l with 2 ft. -960 - 750 -910
rig id extension , recti fier “on ”

10 In hole - half cel l with 2 ft. -620 -470 -580
rigid extension , recti fier “off”

E - half cell in hole 340 280 330

11 Flexible extension in hole -610 -600 -600

12 3 ft. rigid extension in hole -510 -530 -510

*These are calculate d values using reading taken on the 10 - - .

megohm and 20 megohms scales. 10 megohms 20 megohms
Those readings were: Test No. 3 - 320 -380 

* 1Test No. 4 -390 -470
Test No. 5 -400 -580

‘ I
**A reading taken wi th the Danameter during this test was

—325 millivolts .
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TABLE A-3 POTENTIAL MEASUREMENTS ALONG EDGE OF CONCRETE
RAMP SLAB IN AS FOUND CONDITION

Reference Electrode (millivo]ts)_
On Concrete On Concrete On Grass
at Edge of 5 feet east at Edge

No. Location Slab of Ed9e of Slab

1 Over 10 Inch Fuel Line -710 -780 -550

2 5 feet south of No. 1 -780 -740 -560
3 5 Feet south of No. 2 -740 -740 -550
4 5 feet south of No. 3 -730 -740 -550

5 5 feet south of No. 4 -740 -750 -550
6 5 feet south of No. 5 -720 -740 -540
7 5 feet south of No. 6 -760 -750 -540
8 5 feet south of No. 7 -750 -750 -520

In an attempt to determine whether readings are infl uenced by

wate r, the set of readings were repeated, this time with water
“bridging” between the reference e lectrode on the concrete ove r to
the unpaved area. The results obtained are listed in Table A-4.

The addition of water did not have any appreciable effect; most of

the readings were slightly more negati ve, some were unchanged and
one reading was less negative. Again , the readings on the concrete

were all more negati ve than those taken in the adjacent unpave d area.

TABLE A-4 POTENTIAL MEASUREMENTS ALONG EDGE OF CONCRETE
RAMP - WATER ADDED - BRIDGED TO GRASS

Reference Electrode (millivolts ) 
—On Concrete On Concrete On Grass

at Edge of 5 feet east at Edge
No. Loca tion Slab of Edge of Slab

Over 10 inch Fuel L ine -690 _800* ...580

2 5 feet south of No. 1 -790 -760 -560
3 5 feet south of No. 2 -760 -740 -560
4 5 feet south of No. 3 -740 -740 -560 —

5 5 feet south of No. 4 -780 -740 -540
6 5 feet south of No. 5 -770 -740 -550

- 
s 7 5 feet south of No. 6 -780 -780 -540

T 8 5 feet south of No. 7 -790
*For this reading water was added but not “bri dged’ to unpaved
area.
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With the concrete in its wet condition , readings were taken

along the edge of the slab with the rectifier unit cycled “on ” and
“off”. These results are l isted in Table A-5 . The readings with

the hal f cell p lace d on the concrete were all more negati ve than
readings obtained wi th the half cell place d in the soil right next

to the concrete. The two half cell locations were almost contiguous

and the di fference in potential cannot be attributed to the way the

half cell views the pipe. Despite these di fferences wh i ch at most

of the locations were as much as 200 millivolts , the changes in
potential (delta E) wi th the rectifier cycled off and on were

essentially the same as can be seen from the values listed in Table A-6.

Therefore, the di fferences between the readings taken with the half
cell on the concrete and those taken in the soil cannot be attributed

to IR drop in the concrete.

TABLE A-5. Potential Measurements Alon g Edge of Concrete Ramp
Rect i fier Unit Cycled “OFF” and “ON ”

Mi lli volts
Potential On Potential On Potential On
Concrete at Concrete 5 Grass at
Edge Feet from Edge Edge

No. Locat i on Off On Off On Off On

1 Over 10 inch Fuel Line -700 -1025 -800 -1100 -580 -920

2 5 feet south of No. 1 -800 -1100 -750 -1100 -550 -900

3 5 feet south of No. 2 -750 -1100 -750 -1050 -550 -900

4 5 feet south of No. 3 -750 -1050 -750 -1050 -550 -900

5 5 feet south of No. 4 -700 -1050 -750 -1050 -550 -850

6 5 feet south of No. 5 -750 -1050 -750 -1050 -550 —850

7 5 feet south of No. 6 -750 -1050 - - -500 -800

I
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TABLE A-6. CHANGES IN POTENTIAL ALONG EDGE OF CONCRETE SLAB
RECTIFIER UNIT CYCLED “OFF” AND “ON”

Chan9es in Potential (4 E) millivolts
On Concrete On Concrete On Grass
At 5 feet from at Edge of

No. Location Edge Edge Concrete
1 Over 10 Inch Fuel Line 325 300 340

2 5 feet south of No. 1 300 350 350

2 5 feet south of No. 2 350 300 350

4 5 feet south of No. 3 300 300 350

5 5 feet south of No. 4 350 300 300

6 5 feet south of No. 5 300 300 300
7 5 feet south of No. 6 300 300

As a final confi rmation in determining the effect of the concrete

on the potential reading, the edge of the concrete slab was excavated
at Location No.1 and a reference electrode was placed in the soil
under the slab and that reading was compared to the reading obtained
with the same reference electrode place d on the slab directly over

that location . Wi th the recti fier unit off and on , the readings in
the soil were -600 and -940 millivolts and the readings on the concrete
were -670 and -1000 millivolts. On the surface in the soil right next

to the concrete , the readings were -600 and -950 millivolts .

Although the di fference at this location between the reading on
concrete and soil were not as large as the di fferences at some other

locati ons , the potential on concrete were 50 to 70 millivolts more

negative than the potentials in soil.
A number of “exp loratory” type readings were taken along Ramp Road ,

north of the fuel line. This area was paved with older asphalt which

was cracked and fissured in many places and the concrete pad extended
into this area. The readings are di fficul t to tabulate in a logical

a 

fo rm, but we found that on the ol der asphalt it was possible to obtain

apparently authentic potential measurements and the readings on the
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three instruments were within 10 percent of one another. Readings on
concrete were as much as 200 millivolts more negati ve than readings
on the older asphal t right next to it but the delta E val ues with the
recti fier cycled were essentially the same.

It was during this “exploratory” work that we saw the bri dging
effect that water produced on asphal t. Although readings were
unobtainab le on well surfaced as phal t, the running of a water path
over to nearby cracked asphalt or to nearly soil , resulted in an
apparent reading at the well surfaced asphalt.

Site No. 2
The results obtained at this site were similar to those obtained

at Site No. 1.
Table A-7 lists readings taken on the asphalt roadway and on the

asphalt covered concrete pad extending from this roadway. Although
apparently authentic readings were obtained with both the Aardvark
and the Nilsson 540, the Aardvark exhibited some instability while
the Nilsson was somewhat more reliable. Before the “f inal” reading

was obtained with the Nilsson , it was necessary on some occassions to

depress the potentiometer button for a time period of two or three
minutes while the reading climbed.

TABLE A-7. POTENTIAL MEASUREMENTS AT SITE NO. 2

Potential (millivol ts )
NO . Location Aard~iark Nilsson 540

1 On asphalt -540 -620 -:

2 In dirt in hole at edge of slab -560 -560
3 On pad at edge of slab -600 -580

4 On slab , 3 inches from edge -590 -590 - -

3’ 
-i - -

a - Aspha lt on ~ cre~E~

G~
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Measurements taken through the drilled hole at the as phalt
covered concrete pad are listed in Table A-8. Again we see that the
concrete seems to be responsible for making the reading more negati ve.

It i s inte resting to see that the reading taken on the asphalt which
co vers the concrete shows a less negati ve reading than the one taken

on the concrete after the asphalt was removed. The reading at the

bottom of the drilled hole in the soi l was less negative th an the

r2adin g taken with the half cell on the concrete. It is noteworthy

that the potential became more negati ve when the hole was filled

with copper sulfate solution . This increase was attribute d to the

“bri dging ” effect between the soil and the concrete.

TABLE A-8. POTENTIAL MEASUREMENTS AT DRILLED HOLE
ASPHALT COVERED CONCRETE PAD - SITE NO. 2

Millivolts
No. Reference El ectro de Locati on Ni lsson 540 Model H
1 Top of asphalt -530 -

2 Drilled through 2” asphal t, cover to top -690 -680
of concrete - dry

3 Same as No. 2 - wet -640 -630
• 4 In hole dri lled thro ugh pad, no water -580 -580

5 Same as No. 4 - added CuSo4 solution -640 -620
to fill hole

6 Drilled 2” into di rt unde r pad -600 -590

The measurements taken at and through this hole illustrate the

di ffi culties wh ich are p resen t when tak ing read ings in p aved areas . -
~ -

Thus , at the identical location above the POL Line , readings ranged

r 
from -530 mill ivolts to -690 millivol ts. This serves to show the
nee d to question every measurement. Just because a reading is obta ine d ,

F 
we cannot assume that it is indeed the true potential.

I
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APPENDIX B
EFFECT OF CONCRETE CONTACT ON POTENT I AL MEASUREMENTS

One of the most sign i ficant results of this study was the

finding that the contact between the refe rence electrode and a concrete
surface , in and by itself affects the potential measured. This was an

unanticipated result and it is somewhat surprising that it has

apparently not been noticed previously by cathodi c protection workers.

It appears that thinking to date assumed that as long as an instrument

is capab le of obtain ing a reading through concrete , that reading was
correct. Although the Harco proposal did not foresee the investigation
of thi s particular phenomenon, we thought it worthwhile to spend some
time in trying to determine what mi ght be the reason for the di ffer-

ences in potential which were notice d between a reference electrode

placed on a concrete surface and one place d in the soi l ri ght next
to the concrete or directly under the concrete. As noted in this

report, these di fferences were observed during the testing at the

Harco Medina Pl an t and were confi rmed at Dover AFB .

An explorato ry investigation was undertaken as follows :

I Li terature search
2 Fiel d s imul ation
3 Labora tory tes ts

LITERATURE SEARCH

The literature search found that although there has been some

• concern with how to obtain a reading on concrete, there seemed to be

confidence that once a reading was obtained it would be the actual
reading at that locati on . At least , we coul d find no indication of

anyone question ing the correctness of the readings .
Much of the basic l aboratory work in developing the copper-

copper sulfate hal f cell as a reference electrode was performed by 
- 

-

Dr. Scott Ewing. This work is reported in a ve ry complete and
definitive paper entitled “The Copper-Copper Sul fate Ha l f-Cell for
Measuring Potentials in the Earth” , published in the 1939 American
Gas Association Proceedings .
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Al though Ewing did not mention the effect of placing the half cell on
pa vement , concrete or otherwise , the one i tem of particular concern

is what he refers to as “liquid junction potentials in and near the
porous pot in so i l s ”. His conce rn is related to the mechanism in
which a potential difference is found between two solutions of the

same sal t of di fferent con centrati ons. Because “some soils are

aci d and others are alkaline , one porous pot placed in contact with

an aci d soil and another in contact with an alkaline might be
expecte d to g ive ri se to uncertain potential s because of di fferences
in the liqui d junction potentials in the porous pots and between the

soils ”.
He then discusses testing work in which he compares potentials

taken in four soils , two of which are strongly acid , one is alkaline

and one is neutral. He found a di fference of 4 millivolts between

the potential s in the aci d and most alkaline soils , the electrode
in the alkaline soil bein g pos it ive .

Dr. Gordon Scott in his work described in “The Copper Sul fate
Electrode ”, published in Corrosion Magazine , March 1958, states that
“one source of error in copper sul fate electrode readings is the

potential at the junction between the plug and the soil” . He

indi cates that these potentials are a result of “concen trations and
other di fferences” and states that dry , porous, sandy soils can show
as much as 20 millivolts va riation when water is added.

Kenneth G. Compton in hi s paper , “Location of the Half Cell
in Measuring Potentials of Structures to Earth ”, published in Corrosion ,

September, 1961 , describes work done by Pope in which “variations in

potential between the half cells of as much as 26 millivolts depending

upon where the cells were placed and upon whether the earth was
fresh ly dampened wi th tap or salt water”. Compton then indi cates
tha t there is a poss ible error of app rox i mately 40 mill i volts and that
“these errors are due to vari ability of the liquid junction potentials
encountered in measurements through an electrolyte as complex as damp
earth” .

-T
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FI ELD SIMULAT I ON TESTS

Tests to determine the effect of concrete were performed
outside the Harco Medina Plant. Concrete slabs , each of which
measured 2 feet x 2 feet x 2 inches thick and which had no metallic
reinforcing, were each place d on previously prepared soil. A series
of potential readings with respect to a driven steel bar were taken
wi th the reference electrode in contact with the concrete as well as

in contact wi th the soil adjacent to each slab .
The very first series of potentials taken indicate d little

di fference between readings on concrete and readings in soil; all

readings were in the range of -485 to —535 millivolts at various
locations around the edge of the slabs . But when water was poured

on the slabs , the potentials on the concrete bec~iie more negati ve

while the potentials in the soi l remained unchanged. During one such

test , the potential increased negatively to a value of -790 millivolts

immedi a tely afte r wa ter was poured on the slab and a fte r 15 minutes
the potential was -850 millivolts .

Thus , it appeared that rea dings on concrete woul d all be more
negati ve than readings in soil immediately adjacent, a findi ng
consistent with our tests on actual structures, and that the increased

negative potential was in some way related to moisture content.

Subsequent testing on these same slabs , however, did not result in
consistently predictable results . This subsequent testing found

considerable uncertainties in the potentials as well as contradi ctions.

In one typical series of measure ments , see Table B-l , i t was found
that the measurements on the same slab showed some readings on the

concrete to be more negative than corresponding readings in the soil ,
while other readings on concrete were less negati ve.

In most cases , we found that adding water to the slab changed
the readings in some cases more negati ve and some cases less. (See

Table B-l) When the slab dried , the readings returned to the value
before water was added. However, there were times when the a ddi t ion
of water had no perceptible effect perhaps because the slabs were

4 already moisture saturated .
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TABLE B-I. POTENTIAL MEASUREMENTS ON CONCRETE SLABS

Steel Bar Potential (Millivol ts)
No Water Added to Slabs Water Added

No. In Soil On Concrete In Soil On Concrete

1 -690 -680 -660 -720

2 -670 -730 -640 -780

3 -680 -710 -660 -680

4 -680 -710 -660 -760

5 -720 -700 -640 -660

6 -710 -740 -690 -700

7 -740 -700 -700 -680

8 -740 -640 -700 -660

2 feet x 2 feet x 2 inches
Th i ck - Concre te Sla bs

D

Steel Bar

0
~~-1

i 
-

~~

At the Medina Plant , there are a group of s teel tanks wh ich
are situa ted under concrete and which are cathodi cally protected.
Poten tial measurements have been taken on these tanks a number of
t i mes with the refe rence electrode placed at va rious places on the
concrete and compared to readings taken through the drilled holes at
those same locations. A typical set of readings is shown in Table B-2.
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Of the six locations at which readings were taken , with the rectifier
off, the readings on concrete were more negative than the readings in
the hole at four locations, the reading in the hole was more negati ve
at one location and at one location the readings were approxima tely
equal .

In addition , the changes in potential (delta E) when the

rectifier was cycled, were di fferent on the concrete from those in
the soil. The difference might be a result of the influence of the
metal in the concrete. But here again there was no consistency in
the result; at three locations the delta on the concrete was greater
while at the other three locations the delta in the soil was greater.

TABLE B-2. POTENTIAL MEASUREMENTS ON 3 - 6000 GALLON TANKS
UNDER 6 INCH THICK CONCRETE WITH STEEL MESH
METER - MILLER MODEL H

Potential Measurement (millivolts )
Rectifier Off Rectifier On Change ( L~ E)

Location On In On In On In
No. Concrete Hole Concrete Hole Concrete Hole
1 -832 -835 -942 -965 110 130
2 -927 —800 -1125 -980 198 180

3 -745 -725 -809 -825 64 100

4 -864 -775 -1090 -963 226 188

5 -926 -1010 -1070 -1110 144 100
6 -980 -890 -1260 -1300 280 410

. S S
1 3 5

LABORATO RY SIMULATION

a 
Two experiments were performed to try to determine the

parameters which might be responsible for the apparent infl uence

concrete exerts on the potential readings.
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In the first experiment, a plastic container 12 inches lon g

x 5 inches wide x 6 inches deep was filled to a depth of four inches
with soil. One hal f of the surface was paved with concrete and the
other hal f was left exposed. A galvanized steel rod was inserted
into the soil and the potential of that rod was measured with respect
to a reference electrode place d in the soi l and then to one placed on
the concrete. A number of 2 inch thick concrete slugs were cast and
a dditional readings were taken using these slugs on top of the concrete
to simul ate increased paving thickness. Readings were taken periodi-
cally from March 8 to March 22, 1978. These readings are listed in
Table B-3.

TABLE B-3. POTENTIAL MEASUREMENTS IN PLASTIC CONTAINER

Hal f Cell Half Cell One 2 Inch Thick Two 2 Inch Thick
Date in Soil On Concrete S1u9 Added S1u~ Added

3/8/78 -1100 -1100 - -

3/9/78 -1100 -1100 - -

3/10/78 -1100 -1100 - -

3/13/78 -1060 -1100 -1150 -1300

3/14/78 -1050 -1060 - 960 - 950

3/15/78 -1050 -1050 -1000 ~
- 900

3/16/78 -1050 -1050 -1000 - 900

3/20/78 -1070 -1070 -1150 -1100
3/21/78 -1060 -1070 -1150 -1050
3/22/78 -lO5~ -1060 -1150 -1040

Al though there was some variation in potential from day
to day, the readings on the pave d concrete were for the most part
almost i dentical to the readings taken in the soil. Additional slugs
of concrete “seemed” to affect the reading but there was no consistent
resul t and could be more the result of contact effects between slugs
of concrete than the contact between the half cell itsel f and the
concrete. Despite the variations , the discrepancies noted in field

- 4 readings between corresponding concrete and soil measurements could
not be duplica ted with this laboratory simulation . The effect of the
so called “liqui d junction potenti al ” could not be detected In this
experiment.
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The second type of laboratory experiment was set up to
determine the effect of pH on the reading. In these experiments ,
the potential between two copper-copper sulfate reference electrodes
was measured. One electrode was placed in Medina tap water which has
a pH of 6,5 and the second electrode was in a solution of pH 13. The
maxim~in di fference noted was 2 millivol ts with the electrode in the
alkaline solution pcsitive .

CONCLUSIONS
The results of the field simulation tests lead to the following

conclusions:
1 Potential measurements taken wi th the reference electrode

pl aced on concrete di ffer from measurements taken with
the reference electrode placed in the soil immediately
adjacent.

2 There is no consistent pattern to these di fferences in
potentia l. At some locations , the potential on the concrete
is more negative and at other locations (often on the same
slab ) the reverse is true.

3 Adding water changes the potential measurements in the soil
and on the concrete.

4 There is no consistent pattern in the changes resulting
from the addition of water. At some locations , the
potentials become more negative when water is added and
at other locations , the potentials become less negative.

5 The concrete effects noted in the field could not be
duplicated in laboratory simulation .

6 Laboratory simul ation found no appreciable effect on
poten ti al result ing from di fferences in pH.

i
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APPENDIX C
GUIDE FOR INSTALLING TEST POINTS

Potential measurements of structures or utilities beneath
pavement surfaces shoul d be taken wi th the half-cell in the soil
below the pavement. To take this measurement, drill through the
pavement dowito the soil , clean out the hole and measure the potenti al
using a copper-copper sul fate hal f-cell.

PERMANENT TEST POINTS

A permanent test point shoul d be installed for measurements
which must be repeated. There are three main vari ables to choose
from when installing test points. These are size of the pavement
insert, physical shape of reference electrode, and the type of drill
used.

Pavement Insert - The Heath insert has a removable 3/4 inch
steel plug and requi res a 1—5/8 inch hole at least 5 inches deep for
installation . The removable pl ug shoul d be well tightened before
driving it in place with a rubber hammer or block of wood. The
Central Plastics insert has the same characteristics except it requires
a larger hole (1-3/4 inch by 6 inches).

Reference Electrode - The extended reference electrode (see
Figures C-2, C-3) is not commercially available and the wooden end
plug is susceptible to rapid clogging. However, the extended

: reference electrode does permit taking readings to any depth required
so a smaller di ameter hole can be drilled through to the soil after
the appropriate hole for the pavement insert (1-3/4 inch x 6 inches
or 1-5/8 inch x 5 inches) has been drilled. Tinker & Rasor and
Cathodi c Engineering Equi pment Company, now sel l slim half-cells
wh ich can be used with pavement inserts. However, these are only

a 5 inches long, so the hole must be filled with sand and saturated
with water prior to taking potential measurements. This provi des

$ a “bri dge” to the native soil. The IR drop of this “bri dge” can be
minimi zed by drilling the same di ameter hole for the insert through
to the soil.

_ _ _ _ _ _  
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Drilling Equipmen t - Most Air Force bases do not have a

rotary-hammer drill capable of drilling a 1-3/4 inch hole. This
electri c drill is portable and fast but problems may be experienced
in removing all debris and drilling fines from the bottom of the

hole. Most Air Force bases, though , do have a pneumatic drill

powered by a trailer-moun ted air compressor. This system is not

as flexiable as the electri c drill , but it drills just as fast and
compressed air can be shot through the drill bit into the hole to

thoroughly remove all debris. Both drills are capable of drilling

the required hole size in less than 5 minutes in either concrete
or asphalt. Special care, though, is required when drilling in
asphalt since the drill bit will tend to wobble and enlarge the

top portion of the hole. This can be avoided by drilling very

slowly until the hole is one inch deep.

TEMPORARY TEST POINT
Where measurements wil l not be repeated then the hole is

simply filled in with cold mix asphalt or cement grout. The asphal t

is usually place d into the hole in lifts of 2-1/2 inches and each
li ft is thoroughly compac ted; whereas , the cement grout is simply
mi xed with water and poured into the hole. The extended half-cell

is ideally suited for this application since it can reach the bottom
of the hole with the extension through a small 7/8 inch di ameter hole.
If the smaller , slim half- cells are used then this same size hole
must be filled with water or moist sand before a reading can be made

or a larger hole (1-1 /2 inch ) can be drilled and a standard half-cell
wi th PVC extension used.

EQUIPMENT AND MATERIALS REQUIRED

1 Rotary-hammer drill such as Hilti TE6O or pneumatic drill
as authorized in TAOO8, NSN 3820-00-275-2615. Drill Pneumatic Sinker
Dry Type, 55 lb.

2 Drill bits as requi red for type pavement insert used and
pa vement thi ckness.
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3 Portable moto r generator for electric drill and air compressor

for pneumatic drill as well as to blow debris from test hole.

4 Plastic Pavement Inserts:
Company: Central Plastics Co. Heath Survey Consultan ts
Size Insert: 1-3/4 inch diameter 1-5/8 inch diameter,

6 inch long 5 inches long
Address: Post Office Box 762 100 Tosea Drive

Shawnee, Ok. 74801 Stoughton , Ma. 02072
(405) 273-6302 (617) 344-1400

5 Patching Materials

Cold Mix Asphal t - Future Patch or equal
21st Century Paving & Construction Materials Co.
P.O. Box 05074
Cleveland , OH 44105
(216) 429-2221

Premixed Cement Grout - Por Rock or equal a

Lehn & Fink Industrial Products Division
225 Summit Avenue
Montvale, NJ. 07645

6 Reference Electrodes
Extended Half-Cell - local modi fication of standard hal f-cell

in accordance with Figures C-2 and C-3.

Test Instriinents - The newer electronic instruments have a
very high Impedance input and are generally more accurate and easier
to use than the older analog meters. H~jever, the standard Miller
M3M multi—meter authorized for Air Force bases is still an acceptable
test tnstrtanent when the half— cell Is in contact wth soil , and the -

~~~ 

-

following accomplished:

1 Remove all debris and drilling fines from test hole.
2 Saturate bottom surface of hole with water.

. -
~r- ~ 3 Take measurement on di fferent scales to check for high

resistance.

4 Take final measurement using the potentiometer PM/VM circuit.

57
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INSTALLAT ION PROCEDURE
Once you have selected the type pavement insert, reference

elec trode and drill to use , then the actual installation of each

test point can be accomplished in less than eight minutes as follows:

1 Drill the appropriate size hole for the insert either as
shown in Fi gure C—l or drill the same size hole through to the soil.

2 Thoroughly remove all debris and drilling fines from the
hole using compressed air and spoon bits.

3 If the short, slim hal f-cells are to be used, then fill the
hole with clean sand and tamp in place.

4 Thoroughly saturate the bottom surface of the hole with

water and take a potential measurement. If reading appears correct

then continue installation. If not, then drill deeper, cl ean out hole
and repeat measurement test.

5 Tigh ten the removable plug on the insert and then dri ve the
insert into the hole using a rubber hammer or a sledge hammer with a
block of wood on top of the insert. The top one-half inch of the
insert is flared to provide a firm grip in the pavement. If the hole
is improperly drilled or sized , then grout the perimeter of the hole
with col d mix asphal t such as Future Patch or a premi xed cement such
as Por Rock before driving the Inse rt.

6 Subseq uent measurements after the installation can be taken
by removing the steel pl ug , saturating bottom surface of hole wi th
water and inserting the slim copper-copper sulfa te reference electrode.

Slim Half-Cell (1-3/8 inch di ameter, 5 inches long) - Two
di fferent types are commercially available. One is marketed as a
disposable half-cell due to its low cost and generally poor construction.
However, it is a usable half- cell for short duration testing. It is
available from Cathodic Engineering Equi pment Company, P.O. Box 1089,
Hattiesburg , MS 39401 , (601) 544-7490.

A permanent slim half-cell wi th a cermic end plug has just
recently been marketed by Tinker & Rasor. Speci fic details on size
and quality of materials were not available at this writing, but this
half- cell would be the preferred one to purchase. In addition , it may

--
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be possible to add a PVC extension to the top of this slim hal f-cell.

This woul d give the advantages of the extended hal f-cell without the

disadvantage of the wooden end pl ug. The di sposable half-cel l also

has a wooden end pl ug. The permanent half-cell should be available
from most corrosion contro l materia l s upp liers or di rect from T in ker &

Rasor , 417 Agostino Road, P.O. Box 281, San Gabriel , Ca. 91778,
(213) 287—5259.
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APPENDIX D
COMPARISON ON INSTRUMENT CHARACTERISTICS

INSTRUMENT ADVANTAGES LIMITATIONS

Aardvark Extremely high impedance Presently a labora tory type
PEC-VM 1 ,000,000 megohms instrument. No scale change

Direct reading on analog feature to use to test for
movement, high resistance contact.

Sensitive to spurious signals.

Miller Made for field use Calcul ated potential can di ffer
Model H Change in input resistance substantially from actual

makes it possible to potential .*
dete rmine presence of high
resistance contact.

Nilsson Made for field use. Slow action self-balancing
Model 540 Sel f-balancing potentiometer potentiometer ci rcuit in

makes it possible to situation of very high contact
determine presence of high resistance.
resistance contact. Second
only to Aardvark in obtain-
ing reading.

Danameter Some valid readings possible No scale change feature to use
where 10 megohms is to test for high resistance
adequate. contact.

Digital readings sometimes
unstable.

*The formula used for this cal culation is inherently
susceptible to error. Because the demoninator is
equal to the di fference of two values , smal l
vari ations In each of the two values can result In

a 
a substantial effect on the final result.
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INITIAL DISTRIBUTION

HQ AFESC/DEMR 20
HQ ADCOM/DEMUS 2
HQ AFSC/DEMU 2
HQ AFLC/DEMU 2
HQ ATC/DEMU 2
HQ AAC/DEMUC 2
HQ MAC/DEMP 2
HQ PACAF /DEMU 2
HQ SAC/DEMH 2
HQ TAC/DEMU 2
HQ USAFE/DEEO 2
HQ USAFSS/DEMU 2
HQ AFRES/DEtIM 2
HQ USAFA/DEVCT 2
AFRCE-ER/S4 2
AFRCE-WR/PREHW 2 5

AFRCE -CR/CRI4I 2
AFIT/ DET 2
HGB/ANG/PSC/DE 2
HQ AFCS/DEE 2
HQ AFESC/TST 1
HQ AFESC/RDCS 10
DDC/DDA 2
HQ AUL/LSE 71—249 1
436 CES/DEE 2
NCEL/ L52 2
NBT/DMT-32 2
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