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205.8 Compaction 

Optimum density shall be determined in accordance with ASTM D 
1557. Field control of density of in-place material shall be 
determined in accordance with the Nuclear Method ASTM D 2922; or 
the relative density of cohesionless soils ASTM D 4253; and field 
control of moisture content will be determined by the Nuclear 
Method ASTM D 3017, or the Laboratory Determination ASTM D 4253 
for cohesionless material. 

Compaction requirements for approved material, moistened to 
optimum conditions, and placed in layers not to exceed 6 in., 
before compaction, shall be as follows: 

% of Maximum 
Density Type of Material 

95 Embankment, backfill, subgrade and base 
course under building floor slab, 
concrete sidewalks, and paved areas. 

90 Structural fill, backfill, general area 
grading, and embankments not under 
paved area. 

85 Sand bedding for underground piping 
system, except under roadways where 
density shall be 951. 

205.9 Archaeological Clearance 

Archaeological clearance shall be obtained for construction 
projects within the Laboratory boundaries prior to commencement 
of borrow pit and site grading operations. Archaeo 1 ogi ca 1 
clearance may be obtained by notifying the HS/EM Environmental 
Evaluations Coordinator. Cultural resource sites (human
associated ruins) found to be of archaeological significance will 
require testing, documentation and possible stabilization. The 
evaluation and mitigation process associated with archaeologic 
investigations can take several months for completion and may 
involve additional coordination with the New Mexico State 
Historical Preservation Office. 

205.10 Erosion Control 

Native vegetation must be reestablished in all areas disturbed by. 
construction activity. The primary objective of revegetation 
efforts is the mitigation of site erosion. Mulching and seeding 
should commence immediately following completion of construction 
operations. 
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Standard Test Methods for 
Moisture-Density Relations of Soils and Soil-Aggregate 
Mixtures Using 10·1b (4.54-kg) Rammer and 18-in. (457-mm) 
Drop1 

This IWidard is ~ uDder the ~ ~n 0 I SS7; the .number immediately followi111 tbe delipelioa iDdic:ates the year of 
onpllll ~on or, ID tbe car of m'IIIOD, tbe year of illlle'IIIIOII. A number iD pareatbea iDdicates tbe yar ofllll reapproval. A 
supenc:ript epliloD ( •> iDCiicates ID editorill cbaqe siDce tbe lilt revilioD or reapproval. 

test 
This stlllllilud luis blmr fiiJIII'(1V«i for uu by qtrtcia of tlw /)qGniMIII of D(f-. COIISUit tlw DoD /Nkic of SP«i./iaUion.s and 
Standluds for tlw SIJ«if1c YfGT of Will whidlluls blmr lllilJpted by tlw /)qGnrrNI'It of D(f-. 

u Non-Tlblc 4 W11 comcted editorially iD May 1981. 

1.1 These laboratory compaction methods cover the de
'nation of the relationship between the moisture content 
density of soils and soil-aarepte mixtures (Note 1) 

hen compacted in a mold of a given size with a 1 0-lb 
(4.54-kg) rammer dropped from a heiabt of 18 in. (457 mm) 

, 6.l.S, := 2). Four alternative procedures are provided as fol-

~~~:. 1.1.1 Method A-A 4-in. (101.6-mm) mold; material 
· PISSinl a No.4 (4.75-mm) sieve; 

1.1.2 Method B-A 6-in. (152.4-mm) mold; material 
passina a No.4 (4.75-mm) sieve; 

nsity • 1.1.3 Method C-A 6-in. (152.4-mm) mold; material 
muimUII passina a 3/.-in. (19.0-mm) sieve; and 
~lationca~ 1.1.4 Method D-A 6-in. (152.4-mm) mold; material 
tm deDsil! passing a 3/•·in. (19.0-mm) sieve, corrected by replacement 

has nat 
bsolutt 
:h this 
nd tbr 
:>etitivt 
ttistical 
ised ill 

ntion to 
s used. 

for material retained on a 3!.-in. sieve. 

NoTE l-8oiJs aDd JOiHarepte mixtures should be reprded u 
llll\lral oc:curriDa fine- or come-pained soiJa or composita or mixtures 
of natural soils, or mixtures ofuatural aDd procmed IOiJs or ....... 
such u silt, p-avel, or crushed rock. 

NOTE 2-Tbae laboratory comPIICtioa tilt metbods wbcD \lied OD 
soils ed soil-aareptes wbidl ue not free.dniaiq will. ill molt cua. 
establish a weU-defiDed optimum moilcln COilteat aDd maximum 
density (sec Section 7). However, for free.dniDiDa IOils ad soil
agrepte aUxtun:s. these mctboda will Dot. ill IIWlY ca., produce a 
weU-defined moisture-density felatiolllbip aDd tbe maximum density 
obtained will aencrallY be lell than that obcaiDed by vibmory methods. 

1.2 The method to be used should be indicated in the 
specifications for the material beiDa tested. If no method is 
specified. the provisions of Sedion 5 sball govern. 

1.3 This standard may involve hazardous materials. oper
aLions, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. · 

1 These tea methods are under tbe jurisdiction of ASTM Committee 0.18 on 
Soil anci Rock. 

Current edition approved April 27, 1978. Publisbed July 1978. OrilliDally 
Pllblisbed as 0 I SS7 - Sl T. Last previous edition 0 I SS7 - 70. 

1. Refenaced DociiiDiilltl 

2.1 ASTM Standtuds: 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Agreptr 
0 854 Test Method for Specific Gravity of Soils3 
0 2168 Methods for Calibration of Laboratory Mechani

cal-Rammer Soil Compaetars-3 
0 2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures3 

0 2487 Test Method for Classification of Soils for Engi
neerlna Purposesl 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure~ 

E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes• 

3. Ap,.,.... 
3.1 Molds-The molds sball be cylindrical in shape, made 

· of rigid metal and be within the capacity and dimensions 
indicated in 3.1.1 or 3.1.2. The molds may be the "split" 
type, consistina either of two balf-round sections, or a section 
of pipe split alona one element, wbicb can be securely locked 
together to form a cylinder meeting the requirements of this 
section. The molds may also be the "taper" type, providing 
the internal diameter taper is uniform and is not more than 
0.200 in./linear ft (16.7 mm/linear m) of mold height. Each 
mold sbalJ have a base plate assembly and an extension 
collar assembly, both made of rigid metal and constructed so 
they can be securely attached to or detached from the mold. 
The extension collar assembly shall have a height extending 
above the top of the mold of at least 2 in. (50 mm) which 
may include an upper section that flares out to form a funnel 
providing there is at least a 3/.-in. ( 19-mm) straight cylin
drical section beneath it. 
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3.1.1 Mold, 4.0 in. (101.6 mm) in diameter, having a 
capacity of 1!30 ± 0.0004 ft3 (944 ± 11 cm3

) and conforming 
to Fig. 1. 

l A1111ua/ Boolc of ASTM StDIIIiludJ, Vol 04.02. 
3 A1111ual Boolc of ASTM SUuttilurb. Vol 04.08. 
• AMIIIII Boolc of ASTM Stmtdllnls. Vola 04.01, 04.06, and 14.02. 
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3.1.2 Mold, 6.0 in. ( 152.4 mm) in diameter, having a 
capacity of 1/13.333 ± 0.0009 ft3 (2124 ± 25 cm3) and 
conforming to Fig. 2. 

3.1.3 The average internal diameter, height, and volume 
of each mold shall be determined before initial use and at 
intervals not exceeding 1000 times the mold is filled. The 
mold volume shall be calculated from the average of at least 
six internal diameter and three height measurements made 
to the nearest 0.001 in. (0.02 mm), or from the amount of 
water required to completely fill the mold, corrected for 
temperature variance in accordance with Table 1. H the 
average internal diameter and volume are not within the 
tolerances shown in Fip. 1 or 2, the mold shall not be used. 
The determined volume shall be used in computing the 
required densities. 

3.2 Rammer-The rammer may be either manually oper
ated (see 3.2.1) or mechanically operated (see 3.2.2). The 
rammer shall fall freely through a distance of 18.0 ± l/16 in. 
(457.2 ± 1.6 mm) from the surface of the specimen. The 
manufactured weight of the rammer shall be 10.00 ± 0.02 lb 
(4.54 ± 0.01 kg). The specimen contact face shall be flat. 

3.2.1 ManUIJI Rammer-The specimen contact face shall 
be circular with a diameter of 2.000 ± O.OOS in. (50.80 ± 
0.13 mm). The rammer shall be equipped with a guidesleeve 
which shall provide sufficient clearance so that the free fall of 
the rammer shaft and bead will not be restricted. The 
guidesleeve shall have four vent boles at each end (eight boles 
total) located with centers 3f4 ::t: l/16 in. (19.0 ± 1.6 mm) from 
each end and spaced 90• apart. The minimum diameter of 
the vent boles shall be 3/a in. (9.S mm). 

3.2.2 Mechanical Rammer-The rammer shall operate 
mechanically in such a manner as to provide uniform and 
complete coverage of the specimen surface. There shall be 
0.10 ± 0.03 in. (2.5 ::t: 0.8 mm) clearance between the 
rammer and the inside surface of the mold at its smallest 
diameter. When used with the 4.0-in. (101.6-mm) mold, the 
specimen contact face shall be circular with a diameter of 
2.000 ± 0.005 in. (50.80 ::t: 0.13 mm). When used with the 
6.0-in. ( 152.4-mm) mold, the specimen contact face shall 
have the shape of a section of a circle of a radius equal to 
2.90 ± 0.02 in. (73. 7 ± 0.5 mm). The sector face rammer 
shall operate in such a manner that the vertex of the sector is 
positioned at the center of the specimen. The mechanical 
rammer shall be calibrated and adjusted, as necessary, in 
accordance with 3.2.3. 

3.2.3 Calibration and Adjustment-The mechanical 
rammer shall be calibrated, and adjusted as necessary, before 

12 (53.8) 
14 (57.2) 
18 (80.8) 
18 (84.4) 
20 (88.0) 
22 {71.8) 
24 (75.2) 
28 (78.8) 
28 (82.4) 
30 (86.0) 
32 (89.6) 

1.00041 
1.00073 
1.00103 
1.00131 
1.00177 
1.00221 
1.00268 
1.00320 
1.00375 
1.00435 
1.00497 

A Values otiW thin si'IOwn may be otJtlinld by '*""" to the HW!dbook at 
Cllemistry and Phylica, Chlrnicll Aubtllr Putlliltlllg Co., Cllwllnd, OH. 
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initial use; near the end of each period during which the 
mold was filled 1000 times; before reuse after anything, 
including repairs, which may affect the test results signifi
cantly; and whenever the test results are questionable. Each 
calibration and adjustment shall be in accordance with 
Methods D 2168. 

3.3 Sample Extruder (optional)-A jack, frame, or other 
device adapted for the purpose of extruding compacted 
specimens from the mold. 

3.4 Balances-A balance or scale of at least 20-kg ca
pacity sensitive to ::t: 1 1 and a balance of at least 1 000-g 
capacity sensitive to ±0.01 g. 

3.5 Drying Oven, thermostatically-controlled, preferably 
of the forced-draft type, capable of maintaining a tempera
ture of 230 ::t: 9~ ( 110 ::t: 5•q for determining the moisture 
content of the compacted specimen. 

3.6 Straightedge-A stiff metal straightedae of any con
venient lenath but not less than 10 in. (254 mm). The 
scraping edp sball have a straiahtness tolerance of ±0.005 
in. (±0.13 mm) and shall be beveled if it is thicker than 1/a in. 
(3 mm). 

3.7 Sieves, 3-in. (75-mm), 3/4-in. (19.0-mm), and No. 4 
(4.75-mm), conformina to the requirements of Specification 
Ell. 

3.8 Mixing Tools-Miscellaneous tools such as mixina 
pan, spoon, trowel, spatula, etc., or a suitable mechanical 
device for thorousbly mixina the sample of soil with incre
ments of water. 

4. Procedan 

4.1 Specimen Preparation-Select a representative por
tion of quantity adequate to provide, after sieving, an 
amount of material weighiq as follows: Methods A-2S lb 
( 11 Jca); Methods B, C, and D-50 lb (23 kg). Prepare 
specimens in accordance with either 4.1.1 through 4.1.3 or 
4.1.4. 

4.1.1 Dry Preparation Procedure-« the sample is too 
damp to be friable, reduce the moisture content by drying 
until the material is friable; see 4.1.2. Dryina may be in air or 
by the use of a dryina apparatus such that the temperature of 
the sample does not exceed 140~ (60•C). After drying (if 
required), thorouahlY break up the agregations in such a 
manner as to avoid reducina the natural size of the particles. 
Pass the material throuah the specified sieve as follows: 
Methods A and B-No. 4 (4.75-mm); Methods C and 
D-3f4-iD. (19.0-mm). Correct for ovenize material in ac
cordance with Section 5, if Method D is specified. 

4.1.2 Whenever practicable, soils classified as ML, CL, 
OL, GC, SC, MH, CH, OH and PT by Test Method D 2487 
shall be prepared in accordance with 4.1.4. 

4.1.3 Prepare a series of at least four specimens by adding 
increasina amounts of water to each sample so that the 
moisture contents vary by approximately 1112 %. The mois
ture contents selected shall bracket the optimum moisture 
content, thus providing specimens which, when compacted, 
will increase in mass to the maximum density and then 
decrease in density (see 7.2 and 7.3). Thoroughly mix each 
specimen to ensure even distribution of moisture throughout 
and then place in a separate covered container and allow to 
stand prior to compaction in accordance with Table 2. For 
the purpose of selecting a standina time, it is not required to 



'-

41ftt D 1557 

CllsliflcatiOn 0 2487 

GW, GP, SW, SP 
GM,SM 
ML. CL. 0L. GC, SC 
MH, CH, OH, PT 

Mlnir!Un Stlndlng Time, h 

no requirlrnent 
3 

18 
3e 

TAILI 3 PNCIIIon 

Slngle-opelltOI pt.cllion: 
Maxinun dlnllty 
()ptlnun mailtUre cam.nt 

Multlleonloty ~ 
Maxinun dlnllty 
Optimum mailtUre cam.nt 

Stlndlrd 
DeYiatlan, I 

:t1.81 
:t0.81 

1.9 
9.5 

4.0 
15.0 

" Thil CCIIumn ~ • limiting ..... al ~~-- whicft lhciUid not be 
exceedld by the dllfaNnoe betMwl lilY two ....... ..,..... • a j)IICII!t8ge 

of the 8ller9 vall& In coapllatM - II"9I'N It - blln ciNrnW led thai 
95 !II of the - do not exceed the limiting ac Ciljl t.ale !'Ingle lhiMn biiDW. AI 
v-.. lhiMn 1n 1t111 t.a~e n belld on a11er9 tall ,.... 1ram a vartlty ot 
dllfwwlt lOla llld .. IUbjeCt 10 ful&n IW¥IIIan. 

TAILI4 Mellto._......forllllgL1Md2 

ln. 

0.011 
0.021 . ,.. 
v •• 
'le 
'I• .. ,.. 
~ 
'Ia 
~ 
2 
2'11 
4 
4'1• 
4'11 
4.514 
8 
8'11 
8 

,,.. 
0.0004t 
'lt..-
0.0001 

t E~ corTKtlad. 

mm 

0.41 
0.81 
0.1 
1.8 
3.2 
8.4 
8.7 
9.5 

12.7 
15.1 
50.1 
83.5 

101.8 
101.0 
114.3 
111.43 
152.4 
185.1 
20U 

944 
11 

2124 
25 

perform the actual classification procedures described in Test 
Method D 2487 (except in tbe case of referee testina), if 
previous data exist which ptovidc a basis for classifyina the 
sample. 

4.1.4 Moist Preparation Method-The followina alternate 
procedure is recommended for soils classified as ML, CL, 
OL, GC, SC, MH, CH, OH an4 PT by Test Method D 2487. 
Without previously drying the sample, pass it throuah the 
l/4-in. (19 .0-mm) and No. 4 ( 4. "·mm) sieves. Correct for 
oversize material in accordance with Section S, if Method D 
is specified. Prepare a series of at least four specimens bavina 
moisture contents tbat vary by approximately l 1h 91. The 
moisture contents selected sball bracket the optimum moil-

ture content, thus providing specimens wbich, when com. 
pacted, will increase in mass to the maximum density and 
then decrease in density (see 7.2 and 7.3). To obtain the 
appropriate moisture content of each specimen, the addition 
of a predetermined amount of water (see 4.1.3) or the 
removal of a predetermined amount of moisture by dryina 
may be necessary. Drying may be in air or by the use of a 
drying apparatus such that the temperature of the specimen 
does not exceed t40•f ( 60•C). The prepared specimens shall 
then be thoroUihly mixed and stand, as specified in 4.1.3 
and Table 2, prior to compaction. 

these 
max1 

s.: 
.$(4. 

mad• 
mate 
inste 

s.: 
mm\ 
Ho~ 
great 

s.
s.-NOTI! 3-With practice. it is usually possible to visually judp tbe 

point of optimum m.oistun closely enouah so that tbe prepared 
specimens will brlcbt tbe point of optimum moisture content. matt. 

4.2 Specimen Compaction-Select the proper compactioa grea
1 

mold, in accordance with the method being used, and attadl _ sievt 
the mold extension collar. Compact each specimen in fi~ 5• 
layers of approximately equal height. Each layer sball recei~ · sievt 
2S blows in the cue of the 4-in. (101.6-mm) mold; each layer :; ~! 
sball receive S6 blows in the case of the 6-in. (I 52.4-mm) i an l 

mold. The total amount of material used ~llall be such thai .1 

the fifth compacted layer is sJ.iabtly above the top of tbc • ~= 
mold, but not elfceedina 1/4 in. (6 mm). Duriq compactioa : sam 
the mold sba1l rest on a uniform rigid foundation, such • "' 
provided by a cylinder or cube of concrete weigbina not les : 6. ( 
than 200 lb (91 q). 

4.2.1 In operating the manual rammer, care sball be takell l ~t 
to avoid rebound of the rammer from the top end of tbc .. 
guidesleeve. The &uidcsleeve sba1l be held steady and within · ~ 
5 dea of the vertical. The blows sball be applied at a uniform and 
rate not exceedina approximately 1.4 s per blow and in sucb 
a manner as to provide complete and uniform coverage of • 
the specimen surface. , whe 

4.2.2 Mold Sizes-The mold size used shall be as follows: l 111 

Method A. 4-in. (I 0 1.6-mm); Methods B, C, a:1d D, 6-in. 
(1S2.4-mm). ·4 

4.2.3 Followina compadion, remove the extension collar, B 
carefully trim the compacted specimen even with the top of ~ C 
the mold by meaas of the straightecfae and determine the ; 'Y d 

mas of the specimen. Divide the mass of the compacted ~ 
specimen aDd mold, minus the mass of the mold, by the · :i "f rw 

volume of the mold (see 3.1.3). Record the result as the wet .:1 
density, -y.., in pounds per cubic foot (or kilograms per cubic ~ 7. ~ 
metre) of the compacted specimen. ,...,. 7 

4.2.4 Remove the material from the mold. Determine ·-= vall 
moisture content in accordance with Method D 2216, usina -·i abs
either the wbole compacted specimen or alternatively a ~ poi 
representative specimen of the whole specimen. The whole J satt 
specimen must be used wben the permeability of the ! rep 
compacted specimen is hi&b enouah so tbat the moisture - spo 
content is not distributed uniformly throughout. If the whole ....... fille 
specimen is used, break it up to facilitate drying. Obtain the 1 mo 
representative specimen by slicina the compacted specimen 1 
axially tbrouah the center and removing 100 to 500 g of ~ 
material from one of the cut faces. 'f 

4.2.S Repeat 4.2 throuah 4.2.4 for each specimen pre
pared. 

5.1 If 30 % or more of the sample is retained on a 3/4-in. ~ 
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these methods shall be used for the determiaation of either 
maximum density or optimum moisture content. 

5.2 Methods A and B-The material retained on the No. 
4 (4.75-mm) sieve is discarded and no oversize correction is 
made. However, it is recommended that if the amount of 
material retained is 7 % or greater, Method C be used 
instead. 

5.3 Method C-The material retained on the Jf4·in. (19.0-
mm) sieve is discarded and no oversize correction is made. 
However, if the amount of material retained is 10% or 
pter, it is recommended that Method D be used instead. 

5.4 Method D: 
5.4.1 This method shall not be used unless the amount of 

material retained on the 3f4·in. (19.0-mm) sieve is 10% or 
greater. When the amount of material retained on the 3/4-in. 
sieve is less than 10%, use Method C. 

5.4.2 Pass the material retained on the 3f4-in. (19.0-mm) 
sieve through a 3-in. or 7S-mm sieve. Discard the material 
retained on the 3-in. sieve. The material passina the 3-in. 
sieve and retained on the 3/4-in. sieve shall be replaced with 
an equal amount of material passiq a Jf4·in. sieve and 
retained on a No. 4 (4.7S-mm) sieve. The material for 
replacement shall be taken from an unused portion of the 
sample. 

6. Calculadoas 
6.1 Calculate the moisture content and the dry density of 

each compacted specimen as follows: 
w • [(A - B)f(B- C)) X 100 

and 
"Yd • h,J(w + 100)] X 100 

where: 
11· • moisture content in percent of the compacted speci-

mens, 
A • mass of contained and moist specimen, 
8 • mass of container and oven-dried specimen, 
C == mass of container, 
.,d • dry density, in pounds per cubic foot (or kilopams 

per cubic metre) of the com.,.aed specimen, and 
.,, • wet density, in pounds per cubic foot (or kilopams 

per cubic metre) of the coml*ted specimen. 
7. Moisture-Density Reladoasbip 

7.1 From the data obtained in 6.1, plot the dry density 
values as ordinates with correspondina moisture contents as 
abscissas. Draw a smooth curve connect.ina the plotted 
points. Also draw a curve termed the .. curve of complete 
saturation" or .. zero air voids curve" on this plot. This curve 
represents the relationship between dry density and corre
sponding moisture contents when the voids are completely 
filled with water. Values of dry density and correspondina 
moisture contents for plottina the curve of complete satura-

tion can be computed using the following equation: 
w ... • ((62.4/"'(d)- (1/G,)) X 100 

where: 
wut • moisture content in percent for complete saturation 
"Yd • dry density in pounds per cubic foot (or kilogram~ 

per cubic metre), 
Gs • specific gravity of the material being tested (see Note 

4), and 
62.4 - density of water in pounds per cubic foot (or 

kiloarams per cubic metre). 
NOI'I! 4-Tbe specific: pavity of tbe material can either be aaumed 

or ~ on ~ weiabted averqe values of: (a) the specific pavity of the 
material ~the No. 4 (4.75-mm) sieve iD accordance with Test 
Method D 8S4; IDd (b) the apf)U'ellt specific pavity of the material 
retaiDed Oil tbe No.4 (4.7S-mm) sieve iD accordaace with Test Method 
c 127. 

7.2 Optimum Moisture Content, W0-Tbe moisture con
tent comspondina to the peak of the curve drawn as directed 
in 7.1 sball be termed the .. optimum moisture content.,. 

7.3 Maximum Density, "Y_-Tbe dry density in pounds 
per cubic foot (or kilopams per cubic metre) of the sample at 
.. optimum moisture content" shall be termed .. maximum 
density." 

8. Report 

8.1 The report sball include the following: 
8.1.1 Method used (Method A. B, C, or D). 
8.1.2 Optimum moisture content. 
8.1.3 Maximum density. 
8.1.4 Description of rammer (whether manual or me

chanical). 
8.1.5 Description of appearance of material used in test, 

based on Practice D 2488 (Test Method D 2487 may be used 
as an alternative). 

8.1.6 Origin of material used in test. 
8.1.7 Preparation procedure used (moist or dry). 

'· PredsloD 
9.1 Criteria for judaina the aa:eptability of the maximum 

density and optimum moisture content test results are given 
in Table 3. The standard deviation s is calculated from the 
equation: 

where: 
n • number of determinations; 
x • individual value of each determination; and 
x • numerical averaae of the determinations. 

9.2 Criteria for assiptina standard deviation values for 
sinpe-operator precision are not available at the present 
time. 

The Arner1t»n Socllfy for Tilt*!; and.,.,.,... ,.,_no poa111o1t '--'*111 the IIWJcM)' a/My,_.,. rlgtlfa ___, /tl connection 
with lilY item met'ltloned /tl title~. UMrl al tltll ~.,. ~ ~ tiW ~ al 1t1e ~a/My IUCII 
petnt rigtltl, 11111 the riM allntri..,.,. altudl right~, .,. .,....., their own ·~· 

Tit/a stantJW Ia suo;eet to iWIIIoll •., t*ne t~y the ·~ *""*»~~and nut t» tellfftled ewwy five ~ and 
if not revised, lither rei/PIIIfNfld 01 wltlldrawn. Your c:ommeth .,.Invited..,., for rev1110t1 al title atatldatG or for atltllloM/ItllldarcJs 
and Should bt addreiHd 10 ASTAI ~ Your commw1t1 will~ c.llhll ~ • a maatinO al the ~ble 
technical commlttaa, wtt1c1t you nMIY lttend. tf you feel that yout c:cmmauta ,_. not receiWid a flk "-"''I you lltouJd tnake your 
viewllcnown to the ASTAI Commlrrae on StaildwUa, 18115 Race St., Phllatlelpltia. PA 18103. 
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~t De11gnation: D 2922 - 81 

Standard Test Methods for 
Density of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth)1 

This standard is issued under the fixed desipWion D 2922; the number immediately foUowi111 the desi~D&tion indicaleS the year of 
oripnal adoption or, in the c:ae of revision. the year of last revisioa. A number in puentbea indicaleS tbe year of last reapproval. A 
supencripl epsilon (e) inclic:aleS an editorial chaap siiiCC the last revision or rapprova1. 

Thtst mtrhods ~ b«rt approvtd for u.u by ~its of tht DtrHUtmtrU of /HftJWIIIId for lini"' in tht DoD lndu of Sp«ifiauioiU 
and StiZIIIIiud.r. 
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These m~ods describe determination of the density of soil and soil-agrepte in place using 
nuclear eqwpment. In general, the total or wet density of the material under test is determined by 
placina a gamma source and a gamma detector either on, into, or adjacent to the material under 
test. These variations in test geometry are presented as the backscatter, direct transmission, or 
optional air gap approaches. The intensity of radiation detected is dependent in pan upon the 
density of the material under test. The radiation intensity n:adina is converted to measured wet 
density by a ~table calibration curve. Principles of the nuclear test are discussed in the Appendix, 
as are some of 1ts advantaps and disadvantqes. It should be noted that the density determined by 
these methods is not necessarily the averqe density within the volume involved in the 
measurement and that the equipment utilizes radioactive materials which may be hazardous to the 
health of users unleu proper precautions are taken. 

( 

"- I 

1. Scope 
1.1 These methods cover the determination of the total or 

wet density of soil ancl soil-agrepte in place by the 
attenuation of gamma rays where the gamma source or 
gamma detector, or both, remain at or near the surW::e. The 
methods described are normally suitable to a test depth of 
approximately 2 to 12 in. (50 to 300 mm), dependina on the 
test geometry used. 

1.2 Three methods 11e described as follows: 
Sec:tioe 

MetbodA ~ 9 
Metbod B-Dincl T,.......iwioe 10 
Metbod C-Air Olp (Opboul) II 

1.3 The values stated in inch-pound units are to be 
reprded as the standard. The metric equivalents of inch
pound units may be approximate. 

2. Refereaced Doc ..... 

2.1 ASTM Standlutb: 
D 1556 Test Method for Density of Soil in Place by the 

Sand-Cone MethQdl 
D 2167 Test Method for Density and Unit Weiaht of Soil 

in Place by the Rubber-Balloon Method1 

D 2216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Agrepte 
Mixturer 

'1':-.---
Rock. These~ ... UDder tbl jvildic:tioa or ASTM Commin. D-18 OD Soil 

Cumtock. 
vio~ edi!ftllt edition llltli'OWIIi May 29, 1981. Pubtisbed Sepeember 1981. OriliDallY 

The ted a D 2922 - 71. Last pmioua edition D 2922 - 78. 
of this l'lli&111M11 Book of ASTM SltDttJtuds, Vol 04.01. 

;;; 

D 3017 Test Method for Moisture Content of Soil and L 
~r in Place by Nuclear Methods (Shallow ~ 

3. Sipifkuce Md Use f 
3.1 The methods described are useful as rapid, nonde- ~ 

structive techniques for the in-place determination of wet · 
density of soil and soil-agrepte. The fundamental assump
tions inherent in the methods are that Compton scattering is 
the dominant interaction and that the material within the 
zone of intluenc:e for each test is homogeneous. 

3.2 Test results may be affected by chemical composition. 
sample beteropneity, and the surface texture of the material 
beina tested. The techniques also exhibit spatial bias in that 
the apparatus is more sensitive to certain regions of the 
material under test. 

4. Calibradoa 
4.1 Laboratory calibration of the gage is established by 

determinina the nuclear count rate of each of several 
materials at different and known densities and establishing a 
relationship between count rate and density. Sufficient data 
should be taken at each density to ensure a precision of at 
least tWice the normal precision obtained in field use. 
Calibration can be accomplished by either laboratory or field 
methods. Laboratory methods are recommended due to the 
higher inherent ac:curac:y of laboratory standards and instru· 
ments as opposed to field methods which require the volume 
measurement of an excavated hole. 

Non 1-Diffemlt c:beiDiQI compositions of the blocks or other 
materials em affect the count rate. Calibration curves may not be 
applicable to materials not represented in establisbina the calibration 
cune. 
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4.1.1 Laboratory calibration should involve the use of a 
minimum of five homogeneous blocks sufficiently large to 
represent an infinite volume to the nuclear instrument. The 
density of these standards shall be determined to an accuracy 
of ±0.2% (±0.3 lb/ft3 at 160 lb/ft3 or ±5 kg/m3 at 2565 
kg/m3

). Three of the standards shall be constructed of 
materials having gamma mass attenuation coefficients 
within ± 1.0 % of each other over the range of gamma energy 
utilized by the gage for density measurement. These stand
ards will be used to establish the gage response to density 
variations in the range from 100 to 170 lb/ft3 (1600 to 2725 
kg/m3

). The last two standards shall be materials that equally 
bracket the gamma mass attentuation coefficient of soils. 
Suggested materials are limestone and granite. The gage 
response will then be rotated about the zero density point on 
a plot or graphical representation such that it falls halfway 
between the limestone and granite data. This final response 
will be used in the field for measurement. 

4.1.2 Field calibration may be used where laboratory 
calibration facilities are not available or where it becomes 
necessary to calibrate the instrument for materials that 
chemically are different than soils. A minimum of ten field 
tests should be used for establisbina calibration by the field 
method so that a ranae of densities and materials will be 
represented. The sand-cone method in accordance with Test 
Method D 1556 or the rubber-balloon method in accordance 
with Test Method D 2167 may be used to determine the wet 
range of density of carefully selected field sites on which 
density data have been previously determined. As an alterna
tive, nuclear data can be obtained on prepared containers of 
soil and soil-agregate compacted to known densities. The 
containers must be sufficiently Iarae to represent an infinite 
volume to the nuclear instrument. Data from either of these 
methods may be used to establish a new gage response by 
visually fitting a line to a plot of gage response to density 
over the ranae of densities found in the samples. It is more 
desirable to use the latter data, to rotate the laboratory 
calibration in 4.1.1, or a constant offset from this laboratory 
calibration, to fit the field data. Extreme care must be 
exercised in the determination of wet density in either the 
field sites or prepared containers. Because of the variability 
and scatter inherent in field tests and container preparation 
and compaction, this method is considered less accurate than 
techniques using calibration blocks. 

NOTE 2-Use of blocks is ldvantapous beca\111 tbcy are durable aad 
provide stable density references. Blocks aod prepared con1ainers must 
be larae enouab not to cbanae the observed count rate (or count ratio) if 
made laraer iD any dimensions. Dimellsions of approximately 12 iD. 
(300 mm) width by 14 in. (360 mm) depth by 22 iD. (560 mm) 1eqtb 
bave proven satisfactory for equipment now available. For calibration of 
backscatter only, a depth of not less thaD 9 iD. (230 mm) is adequate. 

4.2 Checking and Adjusting Calibration Data-The cali
bration data for newly acquired instruments, instruments for 
which the calibration is more than one year old. or instru
ments that have been damaaed and repaired may be checked 
by using the method of 4.1.2. A minimum of ten field tests 
must be used to compare with the existina calibration data in 
order to justify changing the calibration. 

4.2.1 If each of the field tests varies by not more than 3 % 
from the nuclear density and some of the field densities are 
greater and some less than the nuclear density, then adjust-

ment of the calibration is not necessary. 
4.2.2 If all of the field tests are more or all less than the 

nuclear density and the average of the difference exceeds 
1 %, then adjust each subsequent nuclear density by the 
average difference. 

4.2.3 The average difference found in 4.2.2 lillY be used 
to determine a new calibration response. Either rotation 
about a zero point or constant offset from the original 
calibration may be used. 

NOTE 3-AdjustiDJ calibration curves is a complex task and it 
should be attempted only by those kDCJWled&eable in this field. Most 
manufac:turm either provide this aervic:e or will offer assistance to the 
user. 

S. System Speciftc:adoas 

5.1 Any equipment that is used under the requirements of 
this method shall satisfy the following specifications: 

5.1.1 Precision-Precision of the system is determined 
from the slope of the calibration response and the statistical 
deviation of the count for the recommended period of 
measurement, which sba1l be at least 1 min: 

P• t~/S (I) 

where: 
P • precision, 
t1 • standard deviation. counts per measurement period, 

and 
S • slope, ~ counts per measurement period/(lb/ft3) or 

(k&/ml). 
5.1.1.1 Determine the slope of the counts per measure

ment period at a unit weight of 12S lb/ft3 (2000 kg/m3). This 
can usually be determined from the calibration response and 
must be the true counts from the detector system before the 
display. Determine the counts per measurement period at 
the same density by the same method. The precision can be 
calculated by: 

P• JCtPC!S (2) 
where: 
p • preciSIOn, 
C • counts per measurement period, 
S • slope, ~counts per measurement period/(lb/ft3) or 

(kg/m3), and 
PC • amount of prescale (Note 4) applied to the detector 

counts prior to display. The manufacturer will supply 
this value. If no prescale is built into the equipment, 
the value is 1. 

N011! 4-The value of prescale is the number by which the total 
count rate of the detector( a) is divided before display on the readout to 
eliminate the need for displayina non-sipificant diJits. The value of Pat 
a density of 125lb/ftl (2000 ka/m3) sball be no greater than ±1.0 lb/ft3 

(±16 ka/m3) for the bllcbcatter methods nor greater than ±0.35 lb/ft3 

(±6 ka/m3) for direct transmiwjon method. 
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5.1.1.2 If 5.1.1 cannot be performed as above, the preci· 
sion can be computed by determinina the standard deviatic. 
of at least 20 repetitive measurements (gage not moved af, It 
the first measurement) of material having density of 12S.tthe 
5.0 lb/ft3 (2000 ± 80 kg/m3). In order to perform 
procedure, the resolution of the count display, calibr 
response, or other method of displaying density mlprobe 
equal to or better than ±0.1 lb/ft3 (±1.6 kg/m3

). 
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5.1.2 Chemical E"or-The error due to changes in chem

ical composition. of materials having gamma mass attenua
tion coefficients less than those of granite or greater than 
those of limestone shall be not greater than ±2.5 % of 
backscatter methods and ± 1.2 % for direct transmission with 
the source at a depth of 6 in. ( 1 50 mm). 

5.1.2.1 If the instrument was originally calibrated by the 
method described in 4.1.1, then the chemical error can be 
easily determined by using the standard block data which 
was taken to determine the gage response. Usina the gage 
count rate on the limestone standard and the calibrated gage 
response, determine the gage density of the limestone 
standard. This will normally be higher than the true density. 
Compute the percent error. Repeat the same procedure for 
the granite standard. This will normally be lower than the 
true density. The difference between the two percent errors 
(taking into account the siiD of the error) divided by two will 
equal the chemical error. 

5.1.2.2 If the gage was calibrated by some means other 
than 4.1.1 or if the original calibration data are not available. 
then other means must be used to determine the chemical 
error. Usina the procedure of 5.1.2.1, the relative densities of 
the limestone and granite standard blocks were not impor
tant, but usina this procedure the standards should prefer
ably be within S lb/tV (80 k&fm3) of each other in order to 
eliminate the possibility of an improper calibration which 
could cause good accuracy and small chemical error at the 
limestone and granite density but with larp errors at all 
other densities. A hiah-density limestone or marble standard 
is sugested. Fll'St measure the density and compute the 
percent error on each standard. The chemical error is then 
the difference between the two errors divided by two. The 
sum of the two errors represents the calibration accuracy. . 

S .1.3 Surface Roughness Error-The error caUied by a 
0.050-in. ( 1.3-mm) air pp introduced between the base of 
the gage and the surface of the material beiDa measured 
should cause an error of no more than 4 % in the backlcatter 
method nor more than 1% in the direct-transmission 
method with the source placed at a 6-in. ( 1 50-mm) depth. 
Older models of instruments currently in use may not meet 
this requirement. The users can minimize the effects of 
surface roughness by careful site preparation. 

5.1.3.1 The effect of surface ro\llbnesl can be measured 
by placina the instrument on a smooth Oat surface after 
cleaning both the surface and the gage base and measurina 
the density. Next, elevate the gage by PlaciDa 0.050-in. 
( 1.3-mm) spacers between the gage base and the material 
surface in such a way as to not interfere with the gage 
measurement zone. Remeasure the apparent density; the 
difference represents the gage error. 

w 6. Safety Prec:autloa 
6.1 This equipment utilizes radioactive materials which 

'llay be hazardous to the health of the users, unless proper 
-·recautions are taken. Users of this equipment must become 

• n:mpletely familiar with possible safety hazards and with all 
Roc:k. ,licable government regulations. Etrectne operator iD
vio~u=.r~on together with routine safety procedures such as 

2 The 1,;e-leak tests, recordina and elevation of film badp data, 
of this mt!()f survey meters, etc., are an essential part of the 

operation of equipment of this type. ' higbe 
- usefu 

7. Apparatus 8.2 
7.1 The apparatus may consist of items to perfom• stand 

Method A-Backscatter, Method 8-Direct Transmission~ perm 
or a combination of both. Items listed are common to bothp 8.3 
apparatus except where noted as Method A or Method a~· the e· 
only. Apparatus for Method C-Air Gap (optional) ~ omm 
detailed in Section 11. ~oo 8.4 

7.2 Gamma Source-An encapsulated and sealed radiof ~eas 
active source meetina the specific form requirements ofTitkl tnstn 
49 of the Code of Federal Regulations. :; ~o~ 

7.3 Gamma Detector-Any suitable type. ~ LZ&tlC 

7.4 Readout Device-A suitable scaler with a resolutioui 8.S 
and range to display counts over the range of density fa" Eq 3 
which the apparatus will be used. Usually the scaler will alsl~ con~: 
contain other electronic devices and the necessary electriat. the li 
power for operation. ._· ~ ~ 

7.5 Housing-The source, detector, readout device, etc.i lum~ 
shall be in bousinp of ruged construction that are moisture-a~ the e 
and dustproof. For Method B use, the bousina shall conuui mant 
a means of locating either the source of detector at a distanao- recali 
of 2 to 12 in. (SO to 300 mm) into a preformed bole in tJxi 
material to be tested. The probe containina the source a. wber 
detector shall be sufficiently rigid so as to maintain al N ' 
constant distance alona the measurina path length and alsG s 

contain markinp to indicate the depth to which the probt ~ N
0 

, 

bas been placed. =-
Non ,_The pmma 10W'Ce, detector, readout device. and paM!; PC , 

supply may be bouaed separately or combined IDCi intearated with 1" 
nuclear moistule-meuuriua system. ;~ 

7.6 Refemace Standard-A device that isolates the instru-i! 
ment and provides a means of allowing the instrument tcil 8.t 
make a measurement that is constant within the reproduc·li coun 
ibility of the system. All calibrations will be molde as a ratict! any 
to the reference standard count and all field measuremenuil day'~ 
will be ~ as a ra~o to ~e reference standard count. I Nc 

7.7 Stte-Prqaralto11 Devtcer. F inten 
7.7.1 Method A equipment shall include a flat piau~· on" o 

straiahtedp, or other suitable tool to be used to level the tes · · tbe st 
site to the required smoothness. _ . Nc 

7. 7.2 Method B equipment shall, in addition to the abow.l man\l 
include a bole-formina device such as an auger or pin bavi!lla :: 
a nominal diameter equal to or up to 1/a (3 mm) larger thaDI 
the probe and also a guide to ensure that the bole ~;: 9 P 
perpendicular to the test site surface. f!! • 

and transport case to bouse the equipment and shall mer. . 9 · 
7.8 Trampon Case-Each system shall include a sbippinti 9· 

the U.S. Depanment of Transportation requirements in Tide will. 
49 of the Code of Federal Regulations. The exterior of the pro} 
case shall contain all labels required by the regulations ancM 9. 
radiation levels shall meet the .. Yellow II" standards. 2 . 9. _ tlon 

8. StaDdardlzadee. != to b 

8.1 All nuclear density instruments are subject to lontl N 
term asina of the radioactive source, detectors, .and elec· dept 
tronic systemS, which may change the relationship between 9 
count rate and density. To offset this aging, all instrumenu m 
are calibrated as a ratio of the measurement count rate to l !JJ 01._ 

count rate made on a reference standard. The reference~ ~ 
count rate should be in the same order of magnitude or 
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higher than the range of measurement count rates over the 
useful density range of the equipment 

8.2 Standardization of equipment on the reference 
standard is required at the . start of each day's use and a 
permanent record of these data should be retained. 

8.3 Tum on the equipment and allow for stabilization of 
the equipment in accordance with the manufacturer's rec
ommendations. 

8.4 Take at least four repetitive readings at the normal 
measurement period and obtain the mean. If available on the 
instrUment, one measurement at a period of four times the 
normal period is acceptable. This constitutes one standard
~Ution check. 

8.5 If the value obtained above is within the limits set by 
Eq 3, the equipment is considered to be in satisfactory 
condition and may be used. If the value obtained is outside 
the limits set by Eq 3, another standardization check should 
be made. If the second standardization check is within the 
limits, the equipment may be used; but if it also fails the test, 
the equipment should be checked as recommended by the 
manufacturer and the calibration checked (4.2) or 
recalibrated. or both. 

(3) 

where: 
Ns • value of current standardization check (8.4) on the 

reference standard (7.6), 
No • averaae of the past four values of Ns taken for prior 

useqe, and 
PC • amount of prescale applied to the detector counts 

prior to display. The manufacturer will supply this 
value. If no prescale is built into the equipment, the 
value is 1. 

8.6 The value of Ns (8.4) will be used to determine the 
count ratios for the current day's use of the equipment If, for 
any reason, measured densities become suspect durin& the 
day's use, another stan~tion should be performed. 

NoTE 6-lf the instrument is to be used either continuously or 
interminendy durin& the day, it is ~Y belt to leave it in the '"power 
on" or "standby" condition durin& the day to preveat bavina to repeat 
the standardization. This will provide more stable, CODiistat raulta. 

NOTE 7 -StaDdardization sball be performed in aa:ordanc:e with the 
manufacturer's recommCDdations IDd away fiom other radioactive 
sources. IUJe. masses of metal or venical objec:ts, &ee water, or other 
items that can affect the pp readinp. 

9. Procedure, Method A-Backscatter 
9.1 Standardize the instrument (Section 8). 
9.2 Select a test location where the gage in test position 

will be at least 9 in. (230 mm) away from any vertical 
projection. 

9.3 Prepare the test site in the following manner: 
9 .3.1 Remove all loose and disturbed material and addi

tional material as necessary to expose the top of the material 
to be tested. 

NOTE 8-Tbe spatial bias should be considered in determinina the 
depth at whicb the pp is to be seated. 

9.3.2 Prepare a horizontal area sufficient in size to accom
modate the gage, by planing the area to a smooth condition 
so as to obtain maximum contact between the gage and 
material being tested. 

9.3.3 The maximum void beneath the gage shall not 
exceed approximately 1/s in. (3 mm). Use native fines or fine 
sand to fill these voids and smooth the surface with a rigid 
plate or other suitable tool. 

NOTE 9-The placement of the pp on the surface of the material to 
be tested is critical to the successful determination of density. The 
optimum condition is total contact between the bottom surface of the 
PIC and the surface of the material beina tested. This is not possible in 
all cases. To correct surface inqularities. use of native fines or sand as a 
filler is necessary. The depth of the tiller should not exceed approxi
mately 1/a in. (3 mm) and the total area tilled should not exceed 10% of 
the bottom area of the gqe. Several trial seatinp may be required to 
achieve these conditions. 

9.4 Proceed with the test in the foUowing manner: 
9.4.1 Seat the gage firmly. 
9.4.2 Keep all other radioactive sources away from the 

gage to avoid aft'ectina the measurement 
9.4.3 Secure and record one or more readings for the 

normal measurement period. 
9.4.4 Determine the ratio of the reading to the standard 

count (9.1). From this ratio and the calibration, determine 
the in-place wet density. 

NOTE to-some instruments bave built-in provisions to compute 
the ratio, compute the in-place wet density, IDd display it to the operator 
automatic:ally. 

10. Procedure. Metbod B - Direct Tnumissioa 
10.1 Standardize the instrument (Section 8). 
10.2 Select a test location where the gage in test position 

will be at least 9 in. (230 mm) away from any vertical 
projection. 

10.3 Prepare the test site in the following manner: 
10.3.1 Remove all loose and disturbed material, and 

remove additional material as necessary to expose the top of 
the material to be tested. 

10.3.2 Prepare a horizontal area, sufficient in size to 
accommodate the sqe, by planing the area of a smooth 
condition so as to obtain maximum contact between the 
gage and material beiDa tested. 

10.3.3 The maximum void beneath the gage shall not 
exceed approximately 1/a in. (3 mm). Use native fines or fine 
sand to fill these voids and smooth the surface with a rigid 
plate or other suitable tool. The depth of the filler should not 
exceed approximately 11a in. (3 mm). 

10.3.4 Make a bole perpendicular to the prepared surface 
using the guide and the hole-forming device (7.6.2). The hole 
shall be of such depth and alignment that insertion of the 
probe will not cause the gage to tilt from the plane of the 
prepared area. The depth of the bole must be at least 2 in. (50 
mm) deeper than the depth to which the probe will be 
placed. The guide shall be the same size as the base of the 
gage, with the bole in the same location on the guide as the 
probe on the gage. The comers of the guide are marked by 
scoring the surface of the soil. 

10.4 Proceed with testing in the following manner: 
10.4.1 Set the gage on the soil surface, atrefully aligning it 

with the marks so that the probe will be directly over the 
pre-formed hole. 

1 0.4.2 Insert the probe in the hole. 
10.4.3 Seat the gage firmly by rotating it about the probe 

with a back and forth motion. 
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10.4.4 Pull gently on the gage in the direction that will 
bring the side of the probe against the side of the hole closest 
to the detector (or source) location in the gage housing. _ 

10.4.5 Keep all other radioactive sources away from the 
gage to avoid affecting the measurement 

I 0.4.6 Secure and and record one or more readings for the 
normal measurement period. 

I 0. 4. 7 Determine the ratio of the reading to the standard 
count ( 10.1 ). From the ratio and the calibration, determine 
the in-place wet density. 

11. Procedure, Method C-Air Gap (Optioaal) 
11.1 If the nuclear gaae errors due to calibration using 

materials with different chemical composition are in excess 
of maximum errors listed in 5.2, the air-gap method should 
be employed. It should be noted that the required use of two 
different site measurements may decrease the precision due 
to the statistics of the air gap measurement 

11.2 Apparatus: 
11.2.1 All apparatus described in Section 7. 
11.2.2 Cradle or SpacerJ, to suppon the gage at the 

optimum air gap above the material bei111 tested. The cradles 
or spacers shall be so desiped as to suppon the gqe at 
optimum hei&ht without shieldiDI the bue of the gap. 
Figure 1 shows a typical air-gap cradle that demonstrates the 
principle. The cradle shown in F'JI. 1 is not the only 
satisfactory method. Other methods wbich suppon the saae 
at the optimum air pp without shieldina the bue of the 1111 
are satisfactory. 

Non 11-Air"'IP calibntio11 C1U\'el and oplim.WD air pp may be 
fumisbed for each aqe by the lll&llWacturer and cu be readily checteli 
by the user. 

11.3 Determination of Optimum Air Gap-To determine 
the optimum air gap for use in the air-gap !Jlethod, proceed , 
as follows: 

11.3.1 Use three or mote different areas on which to make 
determinations. These areas may be either blocks (4.1.1) or 
field sites of compacted soil or soil-agrepte on which 
density data have been previously determined (4.1.2) or 
alternative prepared containers of soil or soil-agrepte 
compacted to known densities (4.1.2). The density of mate
rials at the selected areas should vary throu&h a ranae 
including the densities of the materials which will be tested. 

11.3.2 Place the density pp over the test area. Suppon 
the gage by blocks placed at the extmne edaes of the saae so 
as not to obstruct the space between the bottom of the pp 
and the surface of the test area. 

11.3 .3 Take and record readinp for two normal measure
ment periods in counts per minute and determine the 
average of the readinp. 

Wlldld met11 approll. 1 by 1 by ,,.. in. (25.4 by 25.4 by 3.2 mrn) lflllle. 
F1Q. 1 Typic8l Alr.ca.p c.... 

11.3.4 By adding additional blocks or spacers, increase the backseat 
air gap by If• in. (6.3 mm). Take and record. and average 11.4.4 
readings for two additional normal measurement periods. per min 

11.3.5 Continue increasing the air gap by increments of v, counts 
in., securing average readings for each air gap ( 11.3.3) until ( 11.4.4.2 
there is a decrease in the counts per minute readings with an 11.4.4 
increase in air gap. applicab 

11.3.6 On an arithmetic scale, plot counts per minute as :: Non , 
the ordinate versus each air gap (in inches or millimetres) ~ per milun 
and draw a smooth curve through the resulting points. obCaiDed i 
Record the peak air gap determined at the peak of the curve. calilnrior 

11.3.7 Repeat procedures 11.3.2 through 11.3.6 over two 
or more additional areas of materials of different density, 12. Dell 
and record the peak air gap for each area. 12.1 -: 

11.3.8 Determine the average of the peak air gaps deter· altemati
mined on all areas. This is the optimum air gap. Use the~ 12.1.1 
optimum air gap for establishing the calibration curve for the • methods 
air-gap method. and for all determinations of density by the cubic f01 
air-gap method. foot (ks/ 

11.4 Procedurr. . per cubi' 
11.4.1 Standardize the instrument ~ 12.1.2 
11.4.2 Select a test location where the gage in test position ~- methods 

will be at least 12 in. (300 mm) away from any vertical;; method. 
projection. Plan sufficient area to accommodate the gage and --: foUows: 
cradle. 

11.4.3 Prepare the test site in the followi111 manner: -~ 
11.4.3.1 Remove all loose and disturbed material, and ;,; wbeR: 

additional material as necessary to expose the top of the~: Pd • d.; 
maierial to be tested. (See Note 8.) ~ Pra • w 

11.4.3.2 Prepare a horizontal area, sufficient in size to ~ w • P' 
accommodate the pp and cradle, by planing the area to a ,. 
smooth condition so as to obtain maximum contact between 
the pae and material beiDa tested. .. 

11.4.3.3 The maximum void beneath the gage shall not 
exceed approximately 'Ia in. (3 mm). Use native tines or tine 
sand to fill these voids and smooth the surface with a rigid 
plate or other suitable tool 

NOTI 12-Tbe air..pp metbod requiRs takilla oae or more radi1111 
iD botb the 'wlcJr:aaw politioll and tbe air-liP positi011. The placemem 
of the aqe oa tbe sur&ce of tbe material to be tested is critic:al to the 
SUCCllllftd delenDiDatioD of delllity. The optimWD colld.itioll is total 
colltlet becweell tbe boaoiD surfilce of tbe IIIII and tbe surface of the 
material beiDa telteCL 1bis is llOt possible iD all cues and to comet 
surface inepllritill, 1111 of sud or siDWar material u a filler is 
~. The depda of tbe filler sbould llOt exceed approximately •It in. 
(3 mm) aDd the tocal area filled sbould not exceed 10 % of the bottom 
uea of the PIL Sewrl1 trial .atillp may be required to achie\'e these 
COildi1ioll&. 

11.4.4 Proceed with the test in the followi111 manner. 
11.4.4.1 Seat the pae firmly. 
11.4.4.2 Keep all other radioactive sources away from the 

gap to avoid atfectiDa the measurement so as not to affect 
the readinp. . 

11.4.4.3 Secure and record one or more readings for the 
normal measurement period in the backscatter position. 

11.4.4.4 Place the cradle, set at optimum air gap, on the 
test site, and place the gaae on the cradle so that the gage is 
directly over the same site used for backscatter reading. 
When a direct-transmission type gage is used, set the probe 
in the retracted or backscatter position for this reading. 

11.4.4.5 Take the same number of readings for the 
normal measurement period in the air-gap position as in the 
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baCksCatter position (11.4.4.3). 
11.4.4.6 Determine the air-gap ratio by dividing counts 

per minute obtained in the airgap position (11.4.4.5) by 
counts per minute obtained ·in backscatter position 
111.4.4.3). 

11.4.4. 7 Determine the in-place wet density by use of the 
applicable calibration curve previously established. 

Non 13-The air-pp ratio may be determined by dividiq counts 
limetres1 per minute obtained in the baclacatter position by counts per miDute 
~ points. obCained in the air-pp position or via v~sa. Wbic:be\w ratio is Uled. a 
1e Clln!. cllitntioa cune usiDa the SIDle ratio mus& allo be Uled. 
over twc 
density. 12. Detenaiaadoa of Dry Deasity 
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12.1 To obtain dry density, use one of the followin& 
aitemative methods: 

12.1.1 If the water content is determined by nuclear 
methods, Test Method D 3017, subtract the pounds per 
cubic foot (ka/m3) of moisture from the pounds per cubic 
foot (kg/m3) of wet density, and obtain dry density in pounds 
per cubic foot (ka/m3). 

12.1.2 If the water content is determined by other 
methods, such as oven dryina, Method D 2216, carbide 
method, etc., and is in the form of percent, proceed as 
follows: 

Pd • (p..J(w + 100)] X 100 (4) 

where: 
P• • dry density, lb/ftl (ka/m3), 
Pm • wet density, lb/ft3 (ka/m3), and 
11· • percent moisture in the specimen. 

13. Report 

13.1 The report shall include the following: 
13.1.1 Location, 
13.1.2 Elevation of surface, 
13.1.3 Visual description of material, 
13.1.4 Identification of test equipment (make, model, and 

serial number), 
.13.1.5 N oo average of the past four values of Ns taken for 

pnor usage, 
13.1.6 N so value of the current standardization check ( 8.3) 

on the reference standard (7 .S), and the method and date of 
standardization, 

13.1.7 Count rate for each reading, 
13.1.8 Count ratio, 
13.1.9 Wet density. 

Non l~Tbe COUDt rife for each readiDa (13.1.7) IDd the count 
ratio (13.1.8) may be omitted from the report for instnunents that have 
built-in proviliou to take the ratio. compute the in-place wet density, 
IDd display it to the operatcr automatically. 

14. Predsioll ... Ac:c1lney 

14.1 The precision and aa:uracy of this standard bas not 
been determined. No methods are available that provide 
absolute values of the density of soil or soil-aggregate 
mixtures in place apiDst which these methods can be 
compared. The variability of soil does not permit duplication 
of test results for obtainina a meaninsful statistical evalua
tion. Acc:urlcy is a function of the care exercised in 
performina the calibrations and steps of the test and of the 
variability of the material beiDa tested. 
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Xl. NOTES ON TilE NUCLEAR TEST 

X 1.1 The equipment used in this method is of the surfKe 
type as opposed to that desiped for use in deep borinp. In 
general, and neglectina the associated electronics, this equi~ 
ment consists of three principal elements: (J) a nuclear 
source emittina pmma rays, (2) a detector sensitive to these 
rays as they are modified by puaina throup the material 
being tested, and (3) a counter or scaler with provisions for 
automatic and precise timiD& for determinina the rate at 
which the modified gamma rays arrive at the detector. While 
rate meters are suitable, in principle, scalers are commonly 
used. In general, any source of gamma rays that are 
sufficiently numerous and properly enerptic can be used in 
measuring the density of soil· and soil-agrepte. Source 
stability with time, in terms of half-life, is an important 
design consideration and the sources most commonly used 
are cesium-137 and rad.ium-226. The two detectors most 
commonly used are gas-filled tubes of the Geiger-MUller type 
and scintillation crystals, usually of sodium-iodide. Detectors 
of the latter type offer the potential of electronically varying 
the range of energies of the pmma rays that are counted. 
With detectors of the Geiger-MUller type, this range is fixed 
in the desip. For most available equipment, the source
detector geometry is fixed for backscatter gaaes and is 
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adjustable to ~OUI praelected depths of direct transiJlis. 
sion aqes. 

X 1.2 Measurements are made usiq gamma rays that 
laqely reflect at reduced enei'IY by scatterina in, or by, direct 
transmission throuab the material under test. In backscatter, 
the rays are emitted into the material from near its surface 
and some are deflected at reduced energy back to the 
detector, laqely by Compton scatteriq. In direct transmis
sion the source or detector is inserted in the test materials 
and, in contrut to the bac:lcscatter method, some of the 
emitted and unshielded rays can presumably follow a 
straiaht-line path to the detector. In either source-detector 
arraqement, the number of rays reaching the detector is, 
over-all, a nonlinear function of the density of the material 
beina tested. For the usual ranae of soil and soil-aggregate 
densities the relationship is such that the higher the density 
of a given material. the lower the count rate. 

X 1.3 The determination of density by the nuclear means 
of this method is indirect. To date no theoretical approach 
bas been deY.eloped that predicts the count rate for given 
equipment, pometry, material, and density. As a result, the 
relationsip between material density and nuclear-count rate 
is determined by correlation tests of materials at known 
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average densities. Individual equipment manufacturers devtatlon which 1s the square root of the total count. The IIi 
supply a calibration curve with each set of their equipment. ove~-~ s~stem accuracy in determining densities is also f 
It has been found that these curves do not necessarily hold stausttcaltn nature and appean to vary with the equipment J 
for all soils and soil-aggregates because of differences in used, the test conditions of laboratory versus field, as weU as 1 .. 
chemical composition. Apparent variations in calibration with materials and operators. Because of these variables, it is 
may also be induced by differences in seating, in background not possible to give precise numbers for system accuracy and 
count, and other test variations. Because of these consider- precision of these methods. It is believed, however, that if the 
ations, provisions are included in this method for checking procedures herein are carefully followed, the standard devia- i 
for variations or changes. Different approaches may be used tion of the nuclear measured values, in terms of accuracy, I 
in checking calibration and those in more general use are will not be greater than on the order of some 3 lb/ft3 (SO 
given. For good practice, these calibration procedures should kg/m3

). In terms of precision or repeatability, determined 1. Sec 
be followed with newly purchased equipment and with without movina the test equipment, this should not be of 1.1 
major component replacements of in-service equipment. greater than on the order of 1 lb/ft3 (20 kg,tm3

). ~ direct 
X 1.4 The density determined by this method is the wet or X 1.6 One of the most commonly used sources, cesium- if 1.2 

total density. It should be noted that the volume of soil or 137, is man made and as such its use is regulated by the t regard 
soil-aggregated represented in the measurements is indeter- Federal Government throuah the Atomic Energy Commis-1 1.3 
minate and will vary with the source.detector geometry of sion as well as by some state and local governments. Because . ation.s 
the equipment used and with the characteristics of the radium is a naturally occurrina material, its use is not now addre:. 
material tested. In general, and with all other conditions replated by the Federal Government but is by some state ! there~ 
constant, the more dense the material, the smaller the and local governments. Among others, the objectives of these ~ establ. 
volume involved in the measurement. The density so deter- regulations an: the use of radioactive materials in a manner I miM · 
mined is not necessarily the av"'"'- density within the safe to the operator and all others. Attention is directed to ¥...... Section 6, Safety Precaution. ' z. Re' 
volume involved in the measurement. Although for the usual X 1. 7 The in-place nuclear density tests of this method 
surface backscatter test equipment and materials the gaps offer several advantqes over the older conventional methods 2E· ~ 
are influenced by 6 to 7 in. (150 to 175 mm) of material, the (sand-cone, rubber-balloon, etc.), particularty in tests per-
top 1 in. (25 mm) of the material determines about one halt formed for the continuina control of construction. Amona E 1. 
of the measured count rate with the result that the observed these, perhaps the principal advantage is the relative ease · tc 
density is largely determined by the density of the upper with which the test can be performed, thus freeing the 
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Ia yen. For usual density conditions, the total count is taraelY operatOr from the physical tasks of diging holes and i · 
determined by the upper 3 to 4 in. (75 to 100 mm) of soils collecting and weiabing bulky samples. However, it sacrifices l 3.1 
and soil-agregates. Where these materials are of uniform the opportunity to examine the soil in depth. If information Thus. 
density, this characteristic of this method is of no effect. With is sought on in-place densities only, ann test determinations structt 
direct-transmission saaes the effect of vertical density varia- of maximum density are not involved, many more tests can th~ co 
tions may be eliminated. Other problems, however, can be be performed per day than by the older methods. In Direct 
introduced in the mechanics of inserting the soun::e or the addition, apparently erratic measurements can be immedi- detem 
detector. ately detected and checked since the nuclear tests are more 

X l.S The number of gamma rays emitted from a given nearly noDdcsuuctive. These advantqes accure to orpniza-
source over a given time period an: statistically random and tions that are enP&ed in density measurements on a more or 
follow a Poisson distribution. Because of this. the actual less continuous basis. Orpnizations that make infrequent or 
number of modified rays that an: detected and counted in occasional density determinations may find that the advan-
the density-measurina process should be sufficiently larae to taaes of the nuclear method can be offset by maintenance 
minimize the probability that the oblened count reflects and start-up considerations such as periodically clla.rgina 
unacceptable variations. This is reflected in the standard batteries, maintainina radiation exposure records, etc. 

The Amlt1cM SocMfy loT Tllfirll and Allfwllll ,._no,_..,,..,_.., tile~ oiMy,.,., rlgllta _,.,In COiu!ICtDI 
with any item nwrtloned Itt thll ttandMI. U... ol tNa ltelldMin ..,... .wteed ,. diMiminlll*ln ol tile validity d any tudl 
ptltetlt rlf1l*, and tile r1t11t ollnlnngllftll• o1 u:n rigiD. n .,._their awn,...,...,, · 

Thia ttandMI It 1Ub1«J1 IV ,..,., • My time by tile ........ r.cMICIII CCIIftlfth,_ and nut 0. ,..,_., ,_,. five~ ltrtl 
If not ffllllletl, elthet fiiiPPirNed GrllilllcaiWII. YOU' CCIII.,.. nln'llfetl elthet loT,... dtllll ~ OtloT eddltlonlllltMd.a. 
and Jhoultl 0. addiiUIII' IV ASTII ,.,....,.,.., YOU' CO'I'II'rllla wll ,..-.caret~~~ CCII ........ a tnlltlng ol the~ 
tecllnicM CCII7Ii7IMfM. . wttlcll yau lillY aiiW/Id. , yau feel ,. your CIIIIIIIJIIII ,..... not ,....,., • fait ,..,. yau llhoukl ,.. your 
viewl kntJWrl IV tile ASTII ~Gil~ 1118 Race St, PhllltdllpNa. PA 111103. 
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· ~ml1 DesiQnation: D 3017- 88 

Standard Test Method for 
Water Content of Soil and Rock in Place by Nuclear Methods 
(Shallow Depth) 1 

This standard .is ~ under tbe fix~ ~lion D 3017: tbe number immediately foUowiq tbe desisoaliou indicates the year of 
onpnalldopUon or, 1D tbe cue of leVISIOU. tbe year of Jut revision. A number in p~m~tbeles indicates tbe year of Jut rapproval A 
supmaipt eplilon (t) iDdic:atcs an editorial cbaDp liDce tbe Jut revilioD or rapproval. · 

This standllrd hils bml f1IIP"''«i for lUI l!y opr!Cin of tM Dqtutmmt of IN{Mu. COft.JUit tM DoD lrllla of SP«if~a~tiOM and 
Sttutdards for tM sP«ific )lftU of imll whidt hils bmllldopud l!y 1M /NpQn_, of ~trl#. 

1. Scope 
1.1 This test method covers the determination of water 

content of soil and rock by the thermalization or slowina of 
fast neutrons where the neutron source and the thermal 
neutron detector both remain at the surface. 

1.2 The water content in mass per unit volume of the 
material under test is determined by comparing the detection 
rate of thermalized or slow neutrons with previously estab
lished calibration data. 

1.3 The values stated in SI units are to be rep.rded as the 
standard. The inch-pound equivalents may be approximate. 

1.3.1 It is common practice in the enaineerin& profession 
to concurrently use pounds to represent both a unit of mass 
Obm) and of force (lbt). This implicitly combines two 
systems of units, that is. the absolute system and the 
gravitational system. This standard bas been written usiq 
the absolute system for water content (kilopams per cubic 
metre) in SI units. Conversion to the aravitational system of 
unit weight in lbf/ft3 may be made by multiplyina by 
0.06243 or in kN/m3 by multiplyina by 9.807. The recordin& 
of water content in pound-force per cubic foot should not be 
regarded as non-conformance with this standard althouah 
the use is scientifically incorrect. 

1.4 This standard may involve luuardous materials, oper
ations, and equipment. This standard does not purport to 
address all of the safety problems associiUtd with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health proctices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documeats 

2.1 ASTM Standards: 
D 1556 Test Method for Density of Soil in Place by the 

Sand-Cone Methodz 
02167 Test Method for Density and Unit"Weiabt of Soil 

in Place by the Rubber Balloon Methodz 
D 2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Agregate 
· Mixturesz 

1 This test method is under the jurildic:tion of ASTM Committee 0.18 on Soil 
and Rock and is the direct responsibility of Subcommittee 018.08 on Special and 
Constnac:lion Control Tests. 

Current edition approved May 27, 1988. Publisbed July 1988. Qriainally 
published u D 30 17 - 72. Last previous edition D 3017 - 78. · 

2 Annllil/ Book of ASTM Standllrds, Vol 04.01. 

0 2922 Test Methods for Density of Soil and Soil Aggre
gate and Rock in Place by Nuclear Methods (Shallow 
Depth¥ 

0 2937 Test Method for Density of Soil in Place by the 
Drive-Cylinder Methodz 

04643 Test Method for Determination of Water 
(Moisture) Content of Soil by the Microwave Oven 
Methodz 

04718 Practice for Correction of Unit Weight and Water 
Content for Soils Containina Oversize Particlesz 

3. Siplftcuce ud Use 
3.1 The test method described is useful as a rapid, 

nondestructive technique tbr the in-place determination of 
water content of soil and rock. 

3.2 The test method is used for quality control and 
acceptance testina of compacted soil and rock for construc
tion and for research and development. The non-destructive 
nature allows repetitive measurements at a single test loca
tion and statistical analysis of the n:sults. 
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3.3 The fundamental assumptions inherent in the test 
method are that the hydro&en present is in the form of water 
as defined by Method 0 2216, and that the material under 
test is homoaeneous. 

3.4 Test results may be affected by chemical composition, 
sample heteropneity, and, to a lesser depee, material 
density and the surface texture of the material being tested. 
The technique also exhibits spatial bias in that the apparatus 
is· more sensitive to water contained in the material in close 
proximity to the surface and less sensitive to water at deeper 
levels. 

4. lnterfereaces 
4.1 The chemical composition of the sample may dramat

ically affect the measurement and adjustments may be 
necessary. Hydrogen in forms other than water, as defined by 
Method 0 2216, and carbon will cause measurements in 
excess of the true value. Some chemical elements such as 
boron, chlorine, and minute quantities of cadmium will 
cause measurements lower than the true value. 

4.2 The water content determined by this test method is 
not necessarily the average water within the volume of the 
sample involved in the measurement. The measurement is 
heavily influenced by the water content of the material 
closest to the surface. The volume of soil and rock repre
sented in the measurement is indeterminate and will vary 
with the water content of the material. In general, the greater 



0 D 3017 

the water content of the material, the smaller the volume 
involved in the measurement At 160 kg/m3 (lO lbf/ft3), 

approximately 50 % of the typical measurement results from 
the water content of the upper 50 to 75 mm (2 to 3 in.). 

4.2.1 If samples of the measured material are to be taken 
for purposes of correlation with other test methods or rock 
correction, the volume measured can be approximated by a 
200-mm (8 in.) diameter cylinder located directly under the 
center line of the fast neutron source and thermal neutron 
detector. The height of the cylinder to be excavated is 
approximated by: 

Moisture Content Cylinder Heiibt Volume 

k&tm1 lbf/ft1 mm in. ml 1\l 
80 s 250 10 0.0079 0.29 

160 10 200 8 0.0063 0.23 
240 IS ISO 6 0.0047 0.17 
320 20 125 s 0.0039 0.15 
400 25 112 4.5 0.0035 0.13 
480 30 100 4 0.0031 0.12 

NOTE 1-The volume of field com~ material samplecl by the 
test cau effectively be increuecl by repeatiq the test at immediately 
adjacent (vertically or horizontally) locations and averqiD& the results. 

4.3 Other neutron sources must not be within 8 m (25 ft) 
of equipment in operation. 

5. Appantw. 
5.1 While exact details of construction of the apparatus 

may vary, the system shall consist of: 
5.1.1 Fast Neutron Sourc.-A sealed mixture of a radio

active material such as americium or radium and a taraet 
material such as beryllium. 

5.1.2 Slow Neutron Detector-Any type of slow neutron 
detector such as boron trifluoride or helium-3 proportional 
counter. 

5.1.3 Readout Device-A suitably timed scaler(s). Usually 
the readout device will contain the higb-voltaae supply 
necessary to operate the detector, and low-voltaae power 
supply to operate the readout and accessory devices. 

5.1.4 Housing-The source, detector, readout device, and 
power supply shall be in housinp of ruged construction 
which shall be water and dust resistant. 

5.1.5 Reference Standtud-A block ofbydrogeneous ma
terial for checkina equipment operation and to establi.sb 
conditions for a reproducible count rate. 

5.1.6 Site Preparation Dnic.-A steel plate, straiabtedae. 
or other suitable levelina tools wbicb may be used to plane 
the test site to the required smoothnesa. 

5.2 Calibrate apparatus in accordance with Annex Al. 
5.3 Determine the precision of the apparatus in accord

ance with Annex A2. 

6. Huards 
6.1 This equipment utilizes radioactive materials wbicb 

may be hazardous to the health of the users unless proper 
precautions are taken. 

6.2 Effective operator instruction toaether with routine 
safety procedures such as source leak tests, recordi111 and 
evaluation of film badge data, use of survey meters, etc., are 
a recommended pan of the operation of equipment of this 
type. 

7. Standardizadoa 

7 .l All nu~lear water content instruments are subject to 
long-term agmg of the radioactive source, detectors, and 
electronic systems, which may change the relationship be· 
~een count rate and water content. To offset this aging, 
mstruments are calibrated as a ratio of the measurement 
count rate to a count rate made on a reference standard. The 
reference count rate should be in the same or higher order of 
magnitude than the range of measurement count rates over 
the useful water range of the equipment 

7.2 Standardization of equipment on the reference 
standard is required at the start of each day's use and a 
permanent record of these data shall be retained. The 
standardization shall be performed with the equipment 
located at least 8 m (2S ft) away from other gages and clear of 
large masses of water or other items which may affect the 
gaae readings. 

7 .2.1 Turn on the instrument and allow for stabilization 
in accordance with the manufacturer's recommendations. If 
the instrument is to be used either continuously or intermit· 
tently durina the day, it is generally best to leave it in the 
"power on.. condition to prevent having to repeat the 
stabilization. This will provide more stable, consistent re
sults. 

7 .2.2 Usina the reference standard take at least four 
repetitive readinp at the normal measumnent period and 
obtain the mean. If available on the instrument, one 
measurement at a period of four or more times the normal 
period is aa:eptable. This constitutes one standardization 
check. 

7.2.3 If the value obtained above is within the limits 
stated below, the equipment is considered to be in satisfac
tory condition and the value may be used to determine the 
count ratios for the day of use. If the value obtained is 
outside these limits. another standardization check should be 
made. If the second standardization check is within the 
limits. the equipment may be used. but if it also fails the test, 
the equipment shall be adjusted or repaired as recommended 
by the manufacturer. 

where: 

2.0 JN, 
N$ i\lli No+ ./F 

and 

2.0 ./No 
N$ i: No----:;;--

(I) 

N$ • value of current standardization check (7 .2.2) on the 
reference standard, 

N0 • averqe of the past four values of N1 taken for prior 
usqe, and 

F • value of presca1e (A2.2.1). 
7.3 The value of N, will be used to determine the count 

ratios for the current day's use of the equipment. If, for any 
reason, measured water content becomes suspect during the 
day's use, perform another standardization. 

8. Proced.an 
8.1 Standardize the iristrument (Section 7). 
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8.2 Select a location for test where the instrument in test 
'tion will be at least 250 mm (10 in.) away from any -
'cal projection. 

8.3 Prepare the test site in the following manner: 
8.3.1 Remove all loose and disturbed material, and re
ove additional material as· necessary to reach the top of the 

'cal interval to be tested. Surface drying and the spatial 
· should be considered in determining the depth at which 
e instrument is to be seated. 
8.3.2 Prepare a horizontal area, sufficient in size to 

mmodate the instrument, by planing to a smooth 
ndition so as to obtain maximum contact between the 

nstrument and material being tested. If the instrument base 
is to be placed below the surrounding surface, the horizontal 
area shall be at least twice the area of the base of the 
instrumenL If the depression is greater than 25 mm ( 1 in.), 
the condition in 8.2 must be met by clearing a larger area. 

8.3.3 The placement of the instrument on the surface of 
the material to be tested is critical to the successful determi
nation of water. The optlmum condition is total contact 
between the bottom surface of the instrument and the 
surface of the material being tested. The maximum void 
beneath the instrument shall not exceed approximately 3 
mm (1/a in.). Use native fines of similar water content or dry 
quartz sand to fill voids and level the excess with a rigid plate 
or other suitable tool. The total area filled shall not exceed 
10% of the bottom area of the instrumenL 

8.4 Proceed with the test in the following manner: 
8.4.1 Seat the instrument firmly, place the source in the 

proper position and take a count for the normal measure
ment period. 

8.4.2 Determine the ratio of the readina to the standard 
count (Section 7). From this ratio and the calibration and 
adjustment data, determine the in-place water content per 
unit volume (Note 2). 

NOTE 2-Some iDStrUments have built·iD provisioas to compute the 
ratio, the water content per uDit volume with adjustments, the dry 
dellsity, and the water content in pen:ent of dry deDsity (or dry uDit 
weiaht). 

8.5 If the volume tested as defined in 4.2.1 is insufficient 
for the size of rock contained in the soil (refer to Test 
Method D 4718), take additional tests at adjacent locations 
and average the results (Note 3). 

NoTE 3-The water content value obtaiDed should be compand to 
other water contents obtained for similar soils and CODditiODL The 
~c:e of a iarJe roc:k particle or void iD the soil beiDa tested may pve 

an unrepresentative value of water contentlf the value is unusually high 
or l~w, another determination of water content should be perfonned. To 
avo1d preparation of another test site, the pae may be repositioned 
(suc:h u rotating the gage 90") at the original site. 

9. Calcaladoa 

9.1 Calculate the water content, w, in percent of dry 
density (or dry unit weight) of soil as follows: 

where: 

w • M__...m'-X_..;;IOO..;;. 
Pd 

or 

w • _M....,m._X~IOO~ 
p-M'" 

w • water content, percent of dry density, 
M'" • water content, kg,lm3 (lbf/ft3), 

(3) 

(4) 

Pd • dry density of soil (kg,lm3) or dry unit weight (lbf/fV), 
and 

p • wet (total) density of soil (kg,lm3) or wet unit weight 
(lbf/ft3). 

10. Report 

10.1 The report shall include the following: 
1 0.1.1 Make, model. and serial number of the test device, 
1 0.1.2 Standard count and adjustment data for the date of 

the tests, 
1 0.1.3 Name of the operator, 
10: 1.4 Test site identification, 
1 0.1.5 Visual description of material tested, 
1 0.1.6 Count rate for each reading, if applicable, 
10.1.7 Water content in kg,lm3 or lbf/ft3, 

10.1.8 Wet and dry densities in kg,lm3 or unit weights in 
lbf/ft3, 

10.1.9 Water content in percent of dry density or dry unit 
weighL 

11. PndsioD ud Bill 
11.1 The precision and bias of this test method has not 

been determined. While the instrument precision (repeat
ability on the same sample) of 4 kg,lm (0.25 lbf/fV) is 
required and the procedure provides a means of removing 
the bias, no methods are available that provide sufficiently 
accurate values of the water content of in-place soil and rock 
apinst which the precision and bias for the procedure and 
operator variance can be determined. 

ANNEXES 

(Mandatory ID!ormadoa) 

AI. CAUBRA TION 

A 1.1 Calibration Curves-Calibration curves, tables, or 
equations shall be established or verified once each year by 
determining by test the nuclear count rate of at least two 
samples of different known water content. This data may be 
plotted or equations determined to create tables or computer 
programs for conversion of count data to water content. The 
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method and test procedures used in obtaining the count rate 
(or ratio as defined in Section 7) to establish the calibration 
relationship must be the same as those used for measuring 
the water content of the material to be tested. The water 
content of materials used to establish the calibration must 
vary through a range to include the water content of 
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materials to be tested and be in the density range of 1600 to 
2240 kg/m3 ( 100 to 140 lbf/ft3

). Due to the effect of chemical 
composition, the calibration supplied by the manufacturer 
with the apparatus will not be applicable to all materials. It 
shall be accurate for mixes of silica sand and water; therefore, 
the calibration must be checked and adjusted. if necessary, in 
accordance with A1.3. 

Al.2 Calibration Standards-Calibration standards may 
be established using any of the following methods. Prepared 
containers or standards must be large enough to not change 
the observed count rate (or ratio as defined in Section 7) if 
made larger in any dimension. 

NOTE AU-Dimensions of approximately 610 mm lona by 460 
mm wide by 360 mm deep (approximately 24 by 18 by 14 in.) have 
proven satisfactory. 

A 1.2.1 Prepare a homogeneous standard of hydrogenous 
materials having an equivalent water content determined by 
comparison (using a nuclear instrument) with a saturated 
silica sand standard prepared in accordance with A 1.2.2. A 
metallic density standard as defined in Test Methods D 2922 
is a convenient zero water content standard. 

A 1.2.2 Prepare containers of compacted material with a 
percent water content determined by oven dry (Method 
D 2216) and a wet density calculated from the mass of the 
material and the inside dimensions of the container. The 
water content may be calculated as follows: 

where: 

pX W 
M,•100+ w 

M, • water content, kg/m3 or lbf/ftl, 
w • water content, percent of dry mass. and 
p • wet (total) density, kg/m3 or lbf/ftl. 

(Al.l) 

A 1.2.3 Where neither of the previous calibration stand
ards are available, the instrument may be calibrated by using 
a minimum of four selected test sites in an area of a 
compaction project where a homogenous material has been 
placed at several different water contents. The test sites sball 
represent the range of water contents over which the calibra
tion is to be used. At least four replicate nuclear measure-

ments shall be made at each test site. The density at each site [ A2.2 
shall be measured by making four closely spaced detennina- r ment p 
tions with calibrated equipment in accordance with Test . 
Methods D 2922, Test Method D 1566, Test Method ~ 
D 2167, or Test Method D 2937. The water content of each 
of the density tests shall be determined by Method D 2216. : where: 
Use the mean value of the replicate readings as the calibra- f u = s· 
tion point value for each site. '- C =- c 

A 1.3 Calibration Adjustments: t rt 
A 1.3.1 The calibration of newly acquired or repaired t a 

F • v instruments shall be verified and adjusted prior to use. t 
Calibration curves shall be checked prior to performing tests A2·2· 
on materials that are distinctly different from material types prescalc 
previously used in obtaining or adjusting the calibration. curve, t 
Sample materials may be selected by either A 1.3.1.1 or 
A1.3.1.2. The amount of water shall be within ±2 % of the 
water content established as optimum for compaction. 
Determine the water content in kg/m3 or lbf/ft3 by Eq. A 1.1. 
A microwave oven or direct heater may be utilized for drying 
materials which are not sensitive to temperature, in addition 
to the methods listed in A 1.2.3. A minimum of four 
comparisons is required and the mean of the observed 
differences used as the correction factor. 

Al.3.1.1 Container(s) of compacted material taken from 
the test site may be prepared in accordance with Al.2.2. 

Al.3.1.2 Test site(s) on the compacted material may be 
selected in accordance with A 1.2.3. 

Al.3.2 The method and test procedures used in obtaining 
the count rate (or ratio as defined in Section 7) to establish 
the error must be the same as those used for measuring the 
water content of the material to be tested. 

Al.3.3 The mean value of the difference between the 
moistule content of the test samples as determined in 
A1.3.1.1 or Al.3.1.2 and the values measured with the 
instrument shall be used as a correction to measui~ments 
made in the field. Some instruments utilizing a micropro
cessor may have provision to input a correction factor that is 
established by the relative values of water content as a 
percentqe of dry density, thus eliminating the need to 
determine the difference in mass units of water. 

Al. DETERMINING PREOSION OF APPARATIJS 

A2.1 The precision of the apparatus at a water content of 
160 kgtm3 (I 0 lbf/ftl) shall be better thaD 4 kgtm3 (0.25 
lbf/fV) at the manufacturer's stated period of time for the 
measurement (Note A2.1). Other timing periods may be 
available (usually multiples of four of the normal period) 
which may be used where hither or lower precisions are 
desired for statistical purposes. The precision shall be deter
mined by the procedure defined .in 5.2.1 or S.2.2. 

NOTE A2.1-Wbile 1 miD ia the usual timiDa period aDd may be 
usecl for the comparison of various appuatus, the intent of tbe test 
method is to require a measurement period that produces the stated 
precision for all acceptaDce testiq. 

A2.2 The precision of the apparatus is determined from 
the slope of the alibration response and the statistical 
deviation of the count (detected neutrons) for the period of 
measurement, as follows: 

where: 

p.!. 
s 

P • apparatus precision in water content (kg/m3 or lbf/ft3
), 

a • standard deviation in counts per measurement period, 
and 

S • slope in chanp in counts per measurement period 
divided by the chaqe in water content (kg/m3 or 
lbf/ftl). 

A2.2.1 The count per measurement period shall be the 
total number of thermal neutrons detected during the timed 
period. The displayed value must be corrected for any 
prescaling which is built into the apparatus. The prescale 
value (F) is a divisor which reduces the actual value for the 
purpose of display. The manufacturer will supply this value 
if other than 1.0. 
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·£11 ~te A2.2.2 The standard deviation in counts per measure
rmina. ment period shall be obtained as follows: 

A.2.2.4 The slope of calibration response in counts per 
measurement period (before prescale correction) at a water 
content of 160 kg/m3 (10 lbf/ft3

) shall be determined from 
the calibration curve, tables, or equation. 

11 Tesr 
fetbod 
1feacb ..fj; 
' 22 I 6. where: 
alibra- ~ = standard deviation in counts per measurement period. 

A2.3 The precision shall be computed by determining the 
standard deviation of at least 20 repetitive measurements 
(instrument not moved after the first measurement) on 
material having a water content of 130 to 190 kg,tm3 (8.1 to 
11.9 lbf/ft3). In order to perform this procedure, the resolu
tion of the count display, calibration response, or other 
method of displaying water content must be equal to or 
better than ± 1 kg,tm3 or 0.1 lbf/ft3• 

C = counts per measurement period (before prescale cor
rection) at a water content of 160 kg,tm3 (10 lbf/ft3), 

paired and 
F • value of prescale (A2.2.1 ). > use. 
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A2.2.3 The counts per measurement period (before 
prescale correction) shall be obtained form the calibration 
curve, tables or equation. 
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PIBBRGLASS-RBINFORCBD PLYWOOD BOXES 

There were two means of obtaining fiber-glass-reinforced 
plywood (FRP) boxes as transuranic (TRU) waste containers at 
the Laboratory. Standard 4'x4'x8' boxes were ordered from 
stock; these boxes were designed and constructed at the 
Rocky Flats Plant (design specifications are attached, 
interior box construction varied) . Nonstandard FRP boxes 
were designed and constructed on site to contain odd-shaped 
or oversized waste. A review of 14 drawings (1978) for 
construction of nonstandard FRP boxes (i.e., 4'x4'x12', 
4'x8'x10', 5'x8'x10', 6'x7'x12', 6'x8'x16', 8'x8'x12') 
indicates that the following parameters were common 
specifications for FRP boxes constructed on site: 

• Box sides, bottoms, and tops were constructed of 3/4" 
plywood with internal and/or external 2"x4" or 4"x4" 
S4S No. 2 construction grade seasoned lumber bracing; 

• Joints were glued with a continuous bead of B.F. 
Goodrich PL-200 or equivalent construction adhesive and 
nailed together with 6-, 9-, 10-, and/or 12-penny nails 
depending on the location 

• Boxes were labeled on a minimum of two sides 

• A coat of fiberglass was applied to the box per 
Rockwell-International - Rocky Flats standard SX-207 or 
CMB11 Standard V-1010 

• As necessary, 2"x4" or 4"x4" skids were placed on the 
bottom of the box to facilitate lifting. 

The variations in the waste in the larger boxes necessitated 
nonstandard construction dimensions. Design drawings for 
larger boxes were not located, but construction techniques 
would have been similar. As-built drawings were not 
available. 

Because 49 CFR 173.2a specifies that materials to be 
packaged will be assigned a hazard classification according 
to the highest level of hazard, the standard for packaging 
of radioactive materials takes precedence over those for 
packaging of hazardous waste. The Rocky Flats Plant 
standards indicate that the FRP boxes were designed to meet 
Department of Transportation (DOT) 7A standards -
Specifications for Packagings for Class 7 (Radioactive) 
Materials, for transport in commerce. The design 
specifications referenced are still valid for Type A waste. 
DOT-approved containers for Type B waste (radiotoxicity of 
0.002 for Pu238 or Pu239) are not available; however, the 



-2-

Laboratory does not transport Type B waste on public access 
highways (in commerce) and therefore the transport of that 
waste is not subject to DOT regulations. 

The hazardous component of the waste within the FRP boxes 
(lead) is regulated under DOT standards 49 CFR 172.101 as 
"Hazardous waste, solid" and is identified as a Class 9, 
Packing Group III material. Given these criteria, the 
requisite waste container is specified in 49 CFR 173.240 
(Bulk packaging of certain low hazard solid materials); 
container requirements are" ... (c) ... sift-proof, non-DOT 
specification ... closed bulk bins." 49 CFR 171.8 defines 
bulk packaging as "packaging ... in which hazardous materials 
are loaded ... and which has ... (2) a maximum net mass of 
greater than 400 [kilograms] kg (882 pounds) and a maximum 
capacity greater than 450 [liters] L (119 gallons) as a 
receptacle for a solid ... " Based on these regulatory 
guidelines and definitions, the DOT's only requirement for 
the RCRA-regulated (hazardous) components of the waste is 
that the container be sift-proof. The solid physical form 
of the lead and the design of the FRP containers described 
above, appears to satisfy this minimum requirement for the 
RCRA-regulated hazardous components in the waste. 
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