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FOREWORD 

This manual was prepared as part of the soil dustproofing and water­

proofing research program under Research and Development Project No. l-V-

0-21701-A-046, "Trafficability and Mobility Research," Task 05, "Mobility 

Engineering Support," under the sponcorship of the Research Development 

Directorate, U.S. Arrrry Materiel Command. 

The manual was prepared .by Messrs. G. R. Kozan and R. A. Pimental 

of the Stabilization Section, Expedient Surfaces Branch, Soils Division, 

under the general supervision (?f Messrs. W. J. Turnbull, A. A. Maxwell, and 

W. L. Mcinnis of the Soils Division and Mr. W. G. Shockley of the Mobility 

and Environmental Division, U. S. Army Engineer Watel'W'8¥S Experiment 

Stat ion (WES) . 

Director of the WES during the preparation and publication of this 

manual was Col. John R. Oswalt, Jr., CE. Technical Director was 

Mr. J.B. Tiffany. 
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SUMMARY 

This manual provides interim guidance to military engineering person­
nel in selecting and using materials for alleviating dust and tor water­
proofing soils in support of operations on expedient airfields and roads 
in the theater of operations. 

The problems of dust and water pertinent to military operations on 
unsurfaced airfields and roads are defined, and the obj·ectives and limita­
tions of soil surface treatments to alleviate these problems are stated. 
General procedures for app~ a dust palliative or soil waterproofer are 
outlined, and the implications of these procedures to the ultimate selec­
tion of a material are presented. Various types of materials for treat~ 
soil surfaces to control dust and/or waterproof soil are described. 
Criteria to aid in the selection and use of a material., and various factors 
which may influence the final choice of a material are presented. 
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GUIDE IWtUAL FOR SEIBC'l.IOlf AID USE ,,o, DUST HLLIATIVES AID 

SOIL WAmRPROOFERS .Ill DE MA1'.ER rOF OPEBAfllONS 

Purpose 

1. The purpose of this manual 1,s to provtde interim guide.nee to 

military engineering per,sonnel 1n sele,cting and us1Dg soil tl'le.atment mate­

rials tor a.lleviating dust and/or waterproofmg soils in ·support ot .opera­

tions on expedient airfields and ~oads in the theater iot operations .• 

Seope 

.2. This manuU includes: 

.a. -
b. 

c. -
,d. 

Descriptions of availa'i}_te materi&ls tor treating :s·oll sur­
faces to elf.m.inate ,dust, waterproof soil, or both .• 

Criteria to aid in the selection ot a material .tor use ,on 
various types .ot .alrtie.ld 1c.omp.te2s ,designed f1or 1operations 
ot U. S. Air Foree cargo :and jet f'fghter .&iren.tt, ad U. S. 
Arftt¥ li8}1t c~o, tr.oop ,carrier, ,and surwUJance ~craf't .. 

Suggestions tor rates .and methods .ot appl1c.ation ,of mater:1als 
for various sou typee .and .,environmental ,eond1tl101tS .• 

Discussion of factors, ,s~h 8'S ,~ur~ time, cturability, 
availaibility, logistic~, storage, a.i!d. ,eeonamte:s, which. m&¥ 
be ~ignificant 1n th~ ult.imate ,choice of mate.rlal. 

3 .~ 'The 1:nf'ormation ,conta.1:ne.d 1n this manual was d.e\lielope<i tr,am 

reviews of' existing military and other technleal llter&t'U!t'le,* results ,ot 

research in pr,ogre,ss, and the .api.,J.1:cation ot engineerf.Qg J111g1Dent and 

experience. It is acknowledged that ,a great de&l ,ot lntonnation .need:s to 

be developed to achieve ccapletel,y comprehe.nsive and more refined ,criteria 

tor selecting and using dust pal.liatives 8IJd .so.11 vaterprooters ,on ,expedient 

airfields. Until such knowledge l,s available, however, the military engi­

neer should be inf'ormed ot various, and perhaps eq1i:1&ll.y acceptable, poten­

tial solutions to dustproof'ing or soil waterpr.ooting pr.o:blems aod ot some 

--------------------------------··-* Pertinent ailitar, reterences ~e listed 1n Literature C.lte.d at end ot 
· this ND'al • 
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of the-~ fact or s t o be considered in the ultimate se1eet1on and u se ,o!f' a 

material. 

Background 

4. The use of various types of soil treatment materials t o control 

duzt on airfieldG or roadways is described in several military engineer~ne 

manuals . However, the documentation is very general and doe ::; not pirovi<ie 

:3ufficient information to assure the engineer that the mos~ suitable mate­

rial has been se l ected or that an optimum application o!f' the material has 

been specified. Also, very little consideration has been given to the 

acpect of utilizing soil treatment materials to accomplish the lf'unction of 

waterproofing a soil surface or protecting it against the ingress of sur­

f ace water. Further, a few proprietary products are pre,semt~-y ,a-vail:alb2Le 

which, bec,ause of their spec:Lal eharaeteristics., hav.e ,distinct :advantages 

fo r militacy use ov:er many of the better-known conventiomaJ. ma.ter.i:al.s. 

5. 'I'he importance and. .meed for more effective so!.11.. BUrface dlust­

proofing ·and waterproolf'i:ng co11trol rieas'l.Wes have been ,demomstirated. ~.epeat­

~dly during several !'ecent fteld maneuvers anri exercises :lmv-011.vblg :ali.r ·an<il. 

t;r ound mobility operati onal concept s . As a result, both the Arrr(y ,a.nd the 

Air Force have indicated a direct interest .in the dev,elopment of more ef­

fective and ef'fil!i.entt .soil tiI"eatmemt systems. Howevrer., iUm.tfi.Jl. such impiroved 

materials are evolved, it is considered that a S1UIIIll'llaey of the state orf' the 

art of ·existing materia!Ls can provide interim soluti,ons to many clil"rent 

prublems. It is a.nt:Lc:ipated that this manual will be iI"evised or Sllp;ple­

mt nted peiI"iodiealJ.,y to k.ee;p ;_t abreast of te,elmolog1eal <ieVielopmemt,s aind 

provide up-to-date inlf'ormation on soil treatment matberr1als am:i t h.e1r 1l1Se. 
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6. lllhe sruecessfiu.1!. ,exeeuti0:n ~ ibme Armedl :Fl<l>mes ·olf tbe au ;111dbil"i!'lt7 

concept dl~ds om the avall.11:abiliW of., 0r t •he ,a1b.lli.1'.tv tto rrap.llta.l:w' eansttna.et., 

a .network of a!Lri'ie11.ds lLm the theater o.f o.per.atiom.11 to '.&ecommooa'te -yariaw, 

cargo ad t:aett!LeaJ. ma:pport au-era.ft.. :SJbnee the t!me mid 1effort to peJ>~e 

the all.n'll.e!Lc!l nett:work must !be kept to & •lllfildnnml., :f'rmll ai!hvasbage mmst tbe 

t•em of the ed.st:Lng terra!Ln ·am.di so:I.Jl. ,e0J1dlll.!t·!Loms., ami!l ·of it,he ,aipeirat:imtg 

chaxaetert·!Lslt~:1.es of the ·ub)g a~eraftt :bl tlle ~1liarm:!fq :and c0nst:r:u.et:!l!om. 0/f 

the ir:,e~ecl a!irf1ellcl tr:acll!i.ttiies. As present~y comee1vreill., «llrf1ce.1.11,s atte 

to !be [P1'GVi4ed :bl rear., SiU]XJ>O!rtt., torwama.,, ·ami!l :batt].e ueas ootDh a -senrltee 

ll.ll.f.e ,at a tew- dq.s to pos:sf1b11i7 a :yeu., dle_,emcflffmg om ·tbhe operat:li!cmaII. mtlt'B­

s!iol!l., w:llttb. a mblbmm G>!f m.bwbenam.ee.. :mm. 1gem.era!l.., ibb.ese a!brt.weTui:s IW'ill. ·il!>e 

miswfaeedl ,0r., at lb.est;., w[[D.. !be p~<l>iV!l!liedl wlilih ,eq>etlU;ed; .~a~ :mie'h -a-s 

!Pl'etf'al>.rlte&tel J.acJ·ff• mia.t o.r .memli>ra:me .. 

1.. & ai!lH-tion 1to the prfm&ey 1el..emen.t:s ,off' :&n. air.fi~Tud, a :qsibem <fit 

sen:liee ,or perip'.l!leraJ. ·r0&4s is semeiral.lcy' !l'e~.el -a-s part of ithe 10Yter-.all. 

airt:!ieJLc! ,.oamp!Lex.. :BesJ.des ~ovld:blg a meas for ~ldietWLu mcwement :m 
the :drtrlLelLdl ~., r@ads ~ 1be .meeded ·1to ccmmeet Mltith ~er '.&tlrfie]Jis., 

portt.s., ral11.he.ds., 1or major ,art-erttail roac!l !f:aellil.tt:llie-s.. ll1t'b~ tno ,S_iPeellie 

er!.tber.lta ,eid.:stt for devie1op.fumg ·a .sttlJ)porttilmg road. :s,,:stb-em, t-he ll'OMS ll!l~ 

will ibe eq,eetedl it<D earey :a .mtiderca/:be wr0.lL111D1e of tratt:fue ,0f rel.ati.-ve~ 11.ight 

wiehte.ll.e.s mul JPO:S:s!Ub~1Y a small J v01Limne or hea~ ·tmelt -ttraf.tr:Le.. l])e:p,emti.mg am 

the lir jplumedl .fnmeltfia., tt1he rods ~W ircUJ!e ~rom :s:fm;>1he r.:ro.s·s-eCi>'Umit.ey 

ttirail'S 1tCi> ~di tbwo-11,ae raell!ltiLe·s.. IA rgem.enll.Jqy rr;ommcm ~ea.ti\We ref -the 

·airtlteM :BillJIPQN :t,.Qd q.s1b.em t ,s that tthe 1I1Cll&1!1.s are ~aoedl .• 

ID>e:fim.-tf.am ad ettectts 

8.. IA ~ rff p,mb1Lem :m :ommme.et:fimm n.ith rcxper:~ams ,t1>f ratm,crattt <Cim um­

:sm".tac.el rar 11ml11be.!-~e.c! 1atd'Jiell.cl:s ,Mi ~rcat:lom:s 1mif' v.ehlLclLe.s 1Qlil -l111!1S!m'­

.taoeil :ftl>84'8 l:s <iutt. 'IDhe tbem. ''\mstt'" ,CUl ibe cle.t!nedl s.bqpq as ~e1Le:s or 
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soil which have become airborne. As: a genera:l, rule, dust consists pre­

dominantly of soil particles finer than 0.074 mm (i.e. passing the No. 200 

sieve). Dust can have sign:'..ficant ad~rse effect~ on the overall ef­

ficiency of aircraft and vehicle operations by increasing downtime and main­

tenan~e requirements, shortening engine life, reducing vi~ibility, and 

deleteriously affe~ting heb.lth and morale of persormel. Dust clouds also 

can aid the enemy by revealing the position and scope of operations. 

Factors influencing dust cloud formation 

9. The presenGe of or relative amount of dust-size particles in a 

3oil does not necessarily indicate a dust problem or the severity of du.st 

which will result in various situations. Same of the factors which con­

tribute to the generation, severity, and perpetuity of dust clouds include 

overall soil gradation, moisture content, density, smoothness of the ground 

surface, presence of salts or organic matter, vegetation, wind velocity 

and direction, and air humidity. Depending on soil conditions and environ­

ment an external force imposed on a ground surface will generate dust 

clouds of varying density, size, and height above ground. Dust clouds may 

be generated by aircraft propeller wash, engine exhaust blast, jet-blast 

impingement, and d.raf't of moving aircraft. Further, the kneading and 

abrading action of aircraft tires can loosen particles from the gro\llld sur­

face which may become airborne. Moving ground vehicles generate dust 

clouds through disturbance of the air and the abrading action of the tires. 

Sources of dust 
'·"' 

10. On unsurfaced airfields, the runways, taxiways, shoulders, over­

runs, and parking areas are prima.'?:"y sources of dust. On unsurfaced roads, 

only the width of ro&d over which vehicles actually travel is of primary 

concern; adjacent shoulders do not contribute significantly to the dust 

J)roblem. In areas of open terrain and prevailing winds, soil particles 

can be blown onto an airfield or road and contribute to the dust problem 

ue~p!tc adequate initial control measures used on the soil within the con­

:;tructed area. Where it is evident that such a condition may be severe, 

:it may be necessary to mak.e additional applications of a dust palliative 

to an airfield or road to maintain control. 

4 
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. 'l'he Wa,te:r Problem . , 
'' . 

11. The ability of an airfield or road to sustain oper,ations depends 
i ' ' ' 

on the bearing strength of the ground. Although an unsurfaced tacility 

may possess the necessary strength when initi&l.ly constructed, it may lose 

strength when wet to the extent traffic operations will be adversely 

affected. Fine-grained soils or granular materials which contain~ ex­

cessive amount of fines generally are . more sensitive to water changes thar.. 

coarse-grained soils. Surface w&.ter also can contribute to the dust prob­

le:m by eroding or loosening material from the ground surface which dries 

and during dry weather becomes dust. 

12. Water may enter a soil by the permeation of precipitation or 

ponded surface water, by capillary action of underlying groundwater, by a 

rise in the level of the water table, or by condensation of water vapor 

and accumulation of moisture under a vapor-impermeable surface. As a 

general rule, areas which have a shallow grou..l'ldwater table have a low soil 

bearing strength, and these areas should be avoided wher ever possibl.e. A 

prolonged wet season may result in a rising water table and a soil strength 

problem in ar·eas which normally have high bearing strength. When this con­

dition. occurs, a thin surface treatment wiil not be suitable protection, 

and other measures will have to be taken. These measures might include 

(a) placement of a compacted fill of a good drajning soil or possibly a 

stabilized soil to a suitable height above the groundwater table, (b) use 

of prefabricated membrane or an asphalt seal as a moisture barrier at a 

suitable depth below the ground surface, ( c) application of soil stabi­

lizers to construct a water-tolerant layer of sufficient thiclmess to 

support the applied loads, or ( d) use of ,-.... efabricated metal surfacing to 

improve the load-carrying capability of the weakened in-place soil. Dis­

cussion of the various means of protecting against water ingress from 

sources other than the ground surface, is outside the scope of this report. 

In many instances, the problem of surface water can be lessened con­

siderably by good grading, compaction, and drainage practices. The latter 

:lnclmes providing adequate cross-sectional drainage grade and adequate 

grades for side ditch drainage .. 
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Funct19M and x.1m1tatiop11. PC sou Surface Tn•t,nems 

p-.ast p&lliati'Yel 

13. The pr:lmary Nnction ot a dust palliative is to prevent soil 

particles trom becoming airborne. Dust palliatives may be used for con­

trolling dust on nontrattic or traffic areas, or both. If nonperforated 

prefabricated landing mat, membrane, or conventional pavement surfacing 

is used on airfield traffic areas, dust palliatives would be used only on 

nontratfic areas. The pall:Latives for nontraf'f'ic areas must be capable 

of resisting the maximmn intensity of air blast from the using aircraft. 

Dust palliatives tor use on traffic areas nr.ist be capable of withstandi11g 

the abrasion of the aircratt tires as well as air blast. A palliative 

might provide the necessary resistance to air blast and still --be totally 

unsuitable as a wearing surface. One important factor in determ.iriing the 

suitability of a dust pallia1tive in traffic areas is the extent to which 

the surface will rut under traffic. It the soil bearing capacity is such 

that the surface will rut under tra:f'fic, a shallow depth pal.1iative treat­

ment can be broken up and subsequently stripped from the ground surface. 

Some palliatives will withstand defornations better than others, but ruts 

of 1-1/2 to 2 in. deep will usually result in the virtual destruction of 

any thin layer or shallow-penetration dust-palliation treatment. 

14. The preceding st~tements also apply to the use of dust pallia­

tives on supporting road facilities, which are considered as traffic areas. 

Most of the dust raised on an unsurfaced road results from the abrasiv·e ac­

t ion of vehicle tires and the draft created by moving vehicles. Rutting 

can cause a break.up of a shallow palliative-treated l~r, thus exposing 

untreated aoil which IDIA.V become a source of dust. As a gener&l. rule, the 

use of dust palliatives tor traffic areas of either airfields or roads 

should be considered only when the soil surfaces are sufficiently firm 

to support the design traffic loads with little or no rutting. If used 

where ruts are likely to occur, the palliatives will be short-lived and 

frequent retreatment probably will be necessary. 

Soil water;prooters ~ 

15. The function of soil surf act~ waterproofers is to protect the 

soil asain&t attack by water and thus preserve its in-place or 

6 
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as-constructed strength during wet weather,, ope~ation1. Soil waterprooters 
' . ' 

generally will be used only on traffic .areas of. airr.fields and roads,. ln 

some cases, waterprooters may be us~d to prevent excessive softening ot 
areas, such as shoulders or c;werruns, which are normally considered as non­

tratf'ic areas. ·They may also be used. to prevent soil eros~on by F.'urtace 

water runoff. As in the case of dust palliatives, a thin or shallow-depth 

soil-waterproofing treatment will lose its effectiveness when excessive 

rutting occurs, and thus can be used effectively only _in areas which are 

initially firm. 

16. Many soil waterproofers also function well as dust palliatives, 

and these materials should be considered for use 1n areas where the climate 

will create both wet and dry soil surface problems. 

7 



PAR? . Il:t: . METHODS OF. APPLlCA'l'ION 
OF SOltL TmlAMNT MATEMAIS 

17. The method of applying a dust palliative or soil waterproofer 

will depend on the type of material used, the type of soil to be treated, 

and the purpose of the treatment. Two general techniques can be used to 

apply dust palliatives and soil waterproofers to soils: the admix method, 

and the sttrface penetration method. Prior t . ., selection o-t a palliative i the 

implications of these two methods of application in relation to the partic­

ular job requirements should be considered carefully. 

Admix Method 

18. In the admix method, the soil treatment material is blended with 

the soil to achieve a uniform mixture. This method must be used when the 

soil treatment material is a solid. However, the admix method may be used 

with a liquid material when treatment to a depth greater than that which 

can be achieved by the surface penetration method is desired. Because the 

admix method requires more effort, time, and equipment than. the surface 

penetration method, it should be used only when time permits or lfhe!l there 

is no material available that -can be applied by the surface penetration 

method. If a wide choice of materials is available, then a material for 

admix application should be selected only where it is essential that the 

treated layer be 3 in. or greeter in thickness. This thickness of treat­

ment is not required on nontraffic areas, but may be required to provide 

a dust- or waterproof surface in traffic areas where rutting of as much 

as 2 in. will occur under traffic. Admixing can be accomplished either 

in place or off site. 

In-place admixing 
19. In-place admixing is the blending of soil and treatment material 

on the site. The surface soil is loosened (if necessary) to a depth ap­

proximately equal to the desired thickness of the treated layer, the soil 

treatment material is added in the desired q\,antity and blended with the 

surface soil, and the mixture is compacted by rolling. Equipment which 

can be used for an in-place mixing operation includes rotary tillers, 

8 



pulverizer-mixers, graders, soarifiers, disk _harrows, or plows. Where 

conventional stabilization traveling mixers are available , good blending 

generally will be achieved with two or three coverages over _the area. If' 

the surface soil is easily tilled (e.g. sai1d.y or silty soils) pulveriza­

tion is not required before treatment materials a.re added. If the soil is 

hard or firm (e.g. dry clay) , it must be loosened and pulverized before 

the treatment material is applied. Solid materials may be spread by h&lld 

or by mechanical spreaders. Liquid materials should be placed with dis­

tributor equipnent. When equipment such as disk harrows or plows is used, 

the effectiveness of mixing will generally be very poor. A grader will do 

a reasonably good mixing job by ·alternately windrowing and blading a soil 

treatment mixture until the mix appears uniform. The mixture is then 

smoothed and compacted. 

Off-site mixing 
20. Off-site mixing is generally used where in-place construction 

is not desirable and soil from another source would provide a more satis­

factory treated surface. Off-site mixing may be accomplished with sta­

tionU7 mixing plants, or it can be done expediently by windrow-mixing 

with graders (as described in paragraph 19) in a central working area. 

'11he major disadvantage in any off-site operation is having to transport 

and spread the mixed material. 

Surface Penetration Method 

- 21. In the surface penetration method, the soil treatment material 

is placed directly on the surface soil by spraying or other similar means. 

This is the most rapid and efficient method of applying liquid materials. 

Depending on the material, surface penetration applications may be accom­

plished with a liquid pressure d.istributor, by a gravity-flow water dis­

tributor, or by hand hosing or spraying. Hoses or hand-sprayers should be 

used only for small areas, for maintenance, or where good uniformity of a 

treatment is not critical. 

22. The effectiveness of the surface penetration method depends pri­

marily on the viscosity of the treatment material and the permeability of 

the soil sur~ace. Predominantly coarse-grained soils are more readily 
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penetrated than fine-grained soils. Where the soil is 

penetration with a liquid material. may be impossible. In th1s case tiff. 
' 

admix method may be resorted to; or treatment mq be accanplished. by' '1• 

lightly scarifying the surface soil to a shallow depth (1 to 2 in.) tol- 1 

lowed by spraying the liquid and then lightly rolling the surface. In some 

soils, such as silts or silty clays, penetration with some materials can 

be facilitated by a light initial sprinkling of the surface with water. 

23 . Because of the limited depths to which any- liquid material can 

penetrate when applied at a reasonable application rate ( not in excess of 

1.5 gal per sq yd), only a thin treated surface layer can be achieved. 

For nontraffic areas of airfields subjecte~ to the maximum intensity of 

propeller blast, shallow penetration treatments may be adequate. However, 

nontraffic areas of airfields subjected to a maximum back blast of jet 

aircraft will likely erode very readily and no penetration treatment 

will survive for long. A shallow-depth penetration treatment subjected to 

direct tire traffic (either aircraft or ground vehicles) can be worn awq 

by traffic or, if a small area of untreated soil is exposed, may be 

stripped from the surface by subsequent traffic. AJ.so, if rutting occtlrs, 

the effectiveness of a surface penetration treatment will be destroyed 
rapidly. 
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II Nlwu 1 1 tt -4-1,. ' 

PART IV: TYPES, DESCRIPl'ION, A:ND UTILIZATION 
OF SOIL, TREA'Di1ERT MATERIALS 

Types 

24. A wide selection of materials for dust control and/or soil 

waterproofing is available to the engineer; however, no one material can 

be singled out as being the most universally acceptable for all problem 

situations. The various types of materials have been grouped into five 

general classifications as follows: (a) Group I, bituminous materials; 

(b) Group II, cementing materials; (c) Group III, resin systems; (d) Group 

IV, salts; and ( e) Group V, miscellaneous materials. 

25. A summary of various materials potentially suitable for theater-

of-operations use and a guide to their application as either a dust pa.1-

liati ve or a soil waterproofer are given in table 1. The sources from 

which most of the materials are available and the approximate costs for 

estimating purposes are given in table 2. It should be recognized that 

the information which is presented in table 1 is based on limited testing 

of these materials to date for the particular application to the military 

theater-of-operations airfields or roads. However, the data presented 

represent the best estimate that can be made of the applicability of the 

materials based on existing information. 

below. 

26. An explanation of the information provided in table 1 is given 

a. Column 1 identifies the material by type. 

b. Column 2 lists the form in which the material is usually 
supplied. 

c. Column 3 shows the acceptable method of application. Where 
a material may be applied either as an admixture or as a sur­
face penetration treatment, the preferred and most generally 
used method is indicated first. 

d. Column 4 states the applicable soil range, i. e . the range of 
soils which will normally result in reasonably satisfactory 
results with the particular material. In some instances, the 
materials may be used outside of this range but with the 
recognition that the effectiveness which could be achieved 
will be decreased. In general, granular-type soils (gravel 
to coarse sand) may or may not require treatment for dust 
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control or waterproofing, depending ,on the amount ot f'~• 
pre sent. Fine sands (e.g. dune or windblown sands) will 
probably require a dust p&lliative but not a waterpr,ooter. 
Soils ranging from silty sands to highly plastic clay~ may 
require a dust palliative and/or a soil waterproofer. 

e. Columns 5, 6, and 7 show the primary f\inction of the mate-- rials as either a dust palliative or a soil waterproofer and, 
where lmown, the relative degree of effectiveness that can be 
expected for the indicated :f"unction. The applicability to 
both the traffic area (column 5) a:oo. nontraffic area 
( column 6) is given under the dust palliative function. 
The waterproofing function is given for the traff~ area only 
(column 6), since there will not be a general need for main­
taining strength in nontraffic areas. If such a requirement 
arises, the materials indicated as suitable fc,r traffic areas 
can be considered acceptable for use in nontraffic areas. 

f. Columns 8 and 9 indicate quantity requirements applicable to 
the soil range indicated in column 4. The lower quantity of 
the range shown is generally suitable for the coarser soils, 
and the higher quantity is needed for the finer soils. •.rhese 
quantity requirements are given only as a general guide; 1n 
some cases,effective results may be achieved with lesser or 
greater amounts than those given in the table. 

!· Column 10 indicates minimum curing time for the various mate­
rials. The curing requirements are specifically pertinent 
to the function as a dust palliative and/or waterproofer in 
traffic areas. In nontratfic areas, curing is not usnaJ J y 
critical, and adequate dust palliation can be expected im­
mediately a:rter a.n admixture is compacted or, in the case of 
penetration materials, immediately after the liquid has been 
completely absorbed by the soil surf~e. 

h. Column 11 is self-explanatory. -
27. To aid in the effective use of table 1 in selecting an approp­

riate material for a particular situation, a brief description of each of 

the materials and an amplification of their use are given in the following 

paragraphs. 

Group I 2 Bituminous Materials 

28. Conventional types of bituminous materials that may be used for 

dust palliation and soil wate11>rooting include cutback asphalts, emulsfied 

asphalts, and road tars. A patented coamercial cutback a.sphalt, called 

Prnduct A, has been listed separately in this group since it has unique 
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penetr.atlng aD1 curiaw characterlstl1c,s which are not inherent ~ con•n­

tional cutback asphalts. Bituminous materials are perhaps the . 1'()at ver­

satile ot soil treatment ~teri&l.s since they can be app11ed etther ~ 

the admix (prepared in place or off site) or the surface penetration 

method., and are generally effective both as dust palliatives and a,oU vater­

proofers. They can be used to treat traf'f:tc ,am, nont~atfie ar,eas, but ban 

a general disadvantage, when used in ·traffic areas particul.arly., of r equir­

ing curing times of' at least 2~ hr ur.der :ideal conditions. Also, they are 

particularly sensitive to ad.verse cl:iJnatic environment. AJ.thaqgh there are 

no simple guides or shortcuts for designing mixtures of soil and bituminous 

materials, maximum effectiveness of soil-bituminous material ,admixtures can 

usually be achieved if the soil characterist.ics are w1 thin the following 

limits. 

a. Liquid limit less than 30 per,cent. 

b. Plasticity index less than 6. 
c. From 50 to 100 per,cent finer than No .• 4 sieve. 

d. More than 10 per,ce·nt but less than 3:5 _percent finer than 
No. 200 sieve. 

e. Maximum particle size less than one-third the compacted 
thickness of the treated soil layer. 

29. For best resu.1.ts, quantities of residua.l bituminous material 

used should generally range fr.om .2 to 3 percent of dry ,soil weight f ,or 

granular mater.ials to 6 to 8 pe~cent f .or heavy clay,s. The pre senc,e ,of m:Lca 

in a soil is deteriment;al to the effe.ctiveness of soil-bituminous material 

admixture. 

cutback aspbalts 

30. A cutback e~spbal t is a blend of an asphalt c-ement and a petro­

le.um sol vent. CutbacJLS are ,classified as rapid curing ,(RC) , medium curing 

(MC), and slow curing (SC), ,depending on the type 1ot solv;ent use,d and its 

rate of evaporation. Each ,cutback is further graded by its viscosity. The 

RC, ~, or SC types i::>f cutback asphalts of low- to medium-vi.scosity grade:s 

are BUitable for dust palliation or soil waterproofing. RC and SC cutback 

grades ot 70 and .~50 (a_pproximately equival.ent to former grade specifica­

tio!UI of' 1 and 2) am.~ cutback grade,s of .30, 70, ,and 250 (approximately . 
equivalent to former grade speei.fications ,of' 0 to 2) ar,e ,general.zy used. 
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3ll. When admbled. int·o soll ·to ,cl.epths 1of 3 in. at mie 1W:t ,& fim' · ~~ 
I 

grade, cutbacks rill p~oiuee a tair.l:J' ,clunbLe vea.rt._ ,and, '•te~r· ,sdr-
f'ace .• 'l'h.ey are less :satlstaetory when ,appli ed. by the pimetmtiom .method, 

especial.ll.y 1n soils containing a high pe~oemt9Be ,or fines. 'The 'best re­

sults trom either the ,admix or the .surtaee penet~ation .method ue ,obtained 

by pr,eheating t.he asphalt. 'fbe MC-30 g~de 1can lbe :sp~ci wlthomt beiffg 

heated if' the tempe~at~e cit the ,aspha:lt is :Bo iF or ,abow:e .. 'ft.em ,:mbacks 

a!'le appli,ed ,as admixt~e,E,, blending :shouJLd be ,continued utiJl. ,a tmU'lonn 

mix i .s achiev;ed. Im the ease or SC or ~ type asphalts, it wlJl.l be ne,ces­

saey to allow the soil-,asphalt mixt~e to ,aerate f',or a pe.rl.od ,ot t .tme to 

rcmovie the ¥olati1es befo~e ,compact~. Soils :shou1d be f ,aitrly (clry when 

the cutbacks a~.e to be admixed :(moisture ,con;tent o.t 2 t ,o .3 per,eent .tar 

granular soi.l .s ,and up to 6 to ,8 per,e,emt f ,or t:ime-1grained. ,soils, depend.iQg 

on amount of tme.s). When cutback .a;spbal.ts ,~e applied by the penetration 

method, a sl.ightl,y moist soil .surf.ace ~ ,assiist penetn.tlon. 

Emulsified &SJphalts 

32. Asphalt 1emul.sl,cms ,8.l'le a blend rot asphal.t, water, and. an emul­

sifying B@lent and are available ,as reithe.r anionic em.ulsl,cms 1or 1cationte 

emulsions, rdepend.i.Qg on the emulsl~ .aae~nt. ''!'he sLmr-settllllg anf.itmk 

,emuJLsions of grad.e,s SS-1 and SS-.lh (tor rcool. and \W8n1 weather use, :re.speo­

t ively) can be used as admixt1Ll!'les or penetration treatments.. 'The meilum­

setti.Qg ,ani,onic ,emul.si,on ot g~aie MS-2 also 1can be used. ,as an amnilctUft! 

tre,atment ~or granul.ar materiaJLs and ,coa.r,se ,sand.·s, but 
1
great,er rC~ .must 'be 

e:xJercised in its use, as compared to the ,s1mr-sett~ gtade,s~ to JPrevremt it 

f'rom bre,a.king prema'.tur,ely. The &1onic ,emulsions .~ normaJl..l,y turtber 

d.ilut·ed with .f'r,om 1 to 7 parts water ~y v;ob~ prlor to use. As a ,sene.ml 

rule, a 3-to-1 water-t,o-emulsified asphalt 1dllution wllJl be ·qati·staetoey 

:for most .applications. The .s1mr-,sett:lng cati0ni,c ,emulsions 1of 1gradef "'.',.K 

and ,SS-lh 1( ~or cool and warm weather u.se, !'lespe,ctlViel;y) ,al,so can be u. ,as 

a.cbnixtures or penetration treatment.s. Gre:at·er ,c8J.'le must be ,e~en:ise.d 1n 

using cat.ionic ,emulsi.aas as compu,ed to anion11c emulsions, parttcul.arly 

vhen ,app~ them ~y admlx~. Medlum-setti.Qg ,cationic emwl.:s.ions 1of 

gr,ades :SM-K (~or ml~ with .sand) and 1CM-K i(-t\or mix!Qg with ,coarse agg~e­

aatc) also ,c,an be used as admixture tr,eatments, lbut glt'eater ,eue mu:st be 

,ex:errel:se,d ,as 1C1Cllltp&red to the sl,ow-.setttng g~ades. Cationic ,emulstons ,are 



:S img:i,l.est to use withGUt fillrither Ulrt.lt.t• with lW&tier.. U dllutimm is 14e­

.s.irea., the \Wat.er ued :mu.:stt ibe ~ c,f aqr Jnpur.!.tt~es, mkleials, ·mr :aalJts 

which Jdght 1e111WJe ibreakbg Cl)f tbe 1emlds.tcm rithlml tbe di.strlbllt!Jan 

,ecp.tpment .• 

33. ll!lmwl.s:!Jas .lbaw:e a ad.~~ o:v:er emtb·aw :in t1ba1t no prehe&tJ:/Qg 

o:t time maiber1&1 l:s me oes:s&l7' .tiGr their me as ,~e·s 1or pemet~atilmi 

treatmemts .. As aiim1JCtim,es t.o ,soil ,emw.:s:U!.ed !ILSpha].:t.s ·are anll.ied. at :soll 

moi·~e co.mt-emtt:s which will. allow tme emw.sion to break prior to ean;,ac­

ti:on, b1l1't which will mot lnt-e~ere with the eoatit)g of soil p&rtiel~.s.. .Fmr 

sat:ist,actoey ,emw.siom tr,eatmentt, soil molst1U!'e eon.tents gener~ should 

n,ot ,eziceed 5 pel?leemt .i:m _gr,mu.lar soils :ad .sblowhd be .saanewntt !1e.ss in 

s0i1Ls with :a. Mgb eJL-. oir s.Ut eamtent .. All ·emu!l.sUied arsphalt s.r:sltems, 
.ad, partteuJLar1y the eatiordes, are ,extremely ·sensitive, ·and when used 

lJll)roper~7., the enmll.slon maJ' either fbrealk prematureq or .not break :at a1Ll. 

''l'nerefrmre, OJ!J.Q' ,er.scmnel ~ lmowledge of tile maiberi·all.ti Uld pd.or 

lexper!Jence m the:ltr 8Rl)lieat:tcm AOililllid iU.Se ,emuJL.sicm~ , parl:icw.-ar]¥ _,s ·ad­

mbtttlmes. tmmulLsiicms a:re JLes:s rcti.rfierwl.t te> use 11or penetmt!Lon 1QPU:ca1t.1Icm 

,ud ,shCJldd provide somcl re suits in most .instamoe:s .• 

ACl>d tars 
~. !Road tar.s u,e viscou llcpids obtai.ned iby rtistil.latlon or einne 

tars (O>btalned f'ram ,oCl8.IL. Tar.s deriv:ed. ~om other lbarsie mater.ials :a.z,e al.so 

:an.iJLab1e, ilinl't ·~e not ne>"D&J Jy used as soil tre:a.itments.. Road tar 1{mi:) i.s 

gram.ed ·- it:s vls:e.oslty amdl. Ls ,a.vailalli>JLe .1n g1r1ades raging tram Il. to 12. 

It is al·so ,an.i11.ali>1e ii.n the cut1baeilt fioom (!R'llC!B) of' nseosity grades 5 am. 
6, ad .in lbhe emuls.itied. torm.. Road tar emulsions are dift'icult to prepare 

a.md. .lhaudle, :amd ~e .mot considered. .suitable .for ,eJCJ?edient theater-of'­

opera.t.lrtl>llS WJe. G~e.s RT-3 to RT-6 a.nm. RIDCB-5 ·S4!ld. R'l'C!B-6 ea be usecil. ·as 

,admJ.xltm,e:s in the same mumer as eru.tbaclt asphalts .. Grades Ri-1 to Ri'-1.6 :amd 

· the reu.tbaclt ignMles cm ibe ued as surface penetration ·t~eatmemts.. The !Low 

rlscoslty 1gr.ade s RT-1. 1amd RID-2~ and the .R]CB griades e:an be appl.ied :at 

temperatues as .JLow as 60 F without heat-. lhe road tars, partie:wla.rly 

the :r.oad. tar cutbacks, 1genenl.]ly b&R better penet.rat:i!lg ch:aracterl·sti.cs 

tthaa ,asplal.t:s. 'lhe %load t.ars will ~odrmoe ell!eellent .surf1aee,s~ ib~ .curing 

p!\oceecls we17 sJLnlf" ~ aadl ,seweNl ,dl:Q:s ,or 1evren weeks Jll8i" be l'lequi.t,em. ibo 

,acbi.eive a ,·carqplleibeq ·Cllmed. lQer. Road tars ee problib1,y mor.e .smtable 



for use on nontraff'ic areas where·. 'curing time ~~ i ess c~itica.i. 

are susceptible to temperature changes and JD8¥ _sotten in hot we~ther" or 

become brittle in cold weather. 

Product A 

, I I 

35. Product A :ts a special proprietary asphalt product which is 

similar to an MC-30 grade cutback and has certain chemical additives to 

enhance its soil penetratL"'lg characteristics. It is suitable for applica­

tion by penetration to soils which are relatively impervious to conven­

tional cutback and emulsion systems. Silts and moderately plastic clays 

( to a plasticity index of' 15) can be treated effectively with this mate­

rial. Product A cures rapidly and can be trafficked in 2 to 8 hr a:rter 

placement. As with other cutbacks, it must be heated to 130 to 150 F to 

permit uniform spraying with an asphalt d:i.str ibutor. 

Gro}!P II, Cementing Materials 

36. The conventional cementing-type stabilizing materials, portland 

cen1ent and hydrated lime, are pr:IJDarily used to improve the strength of' 

weak soils. However, when they are adrn1Y~d with soils in relatively small 

quantities (2 to 5 percent by dry soil weight), the modified soil is more 

resistant to dusting and will maintain a higher strength than the untreated 

soil. The use of' portland cement or lime as a dust palliation or water­

proofing treatment is recommended only as a very "t-emporary measure and 

when other more effective materials are not available. Cement is generally 

suitable f'or all soil types, provided reasonably good mixing l~&n . be 

achieved; whereas, l:iJDe is applicable only to soils containing a high per­

centage of clay. For maximum results, the moisture content of the cement­

soil or lime-soil mixture should be at or near optimum f'or compaction. 

Gro'!P III 1 Resin Systems 

37. Many resinous compounds have been investigated as dust pallia­

tives and soil waterproof~rs. Many show potenti al for g,uch 1,urposes, but 

they also have certain limitations which render them undesirable f'or use in 

the theater of operations. 
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Lignin 
38. 

I • • 

Lignin is a by-product of the manufacture of wood pulp. It is 

usually found in liquid form but can be procured in dehydrated or powder 

form. It is most suitable as a binder additive fo-,.. granular materials and 

sands, but can be used in silts and cl~ soils rlth limitf~d effectiveness. 

in the liqm.d form, it can be spr~d on a soil surface e~s a temporary mea-
, 

sure. Lignin is soluble in water and is readily leached from the soil; 

thus, repeated applications would be required in areas of periodic rainfall. 

Product B 

39. Product Bis a proprietary material consisting of a petroleum 

resin base in a water emulsion. Its sole function is dust palliation. 

It is more suitable for application in nontraffic areas, but will provide 

some dust control in traffic areas if little rutting occurs. As supplied, 

Product B can be diluted with any proportion of w~ter. For most applica­

tions, a dilution of 4 parts water to 1 part Product B (by vol.ume-) applied 

at a rate of 0.5 to 1.5 gal per sq yd vill be satisfactory. In .some cases, 

dilutions of as much as 10 parts water to 1 part Product B can be used 

satisfactorily. The solution can be applied with a pressure distributor 

or water truck or spr'1f!d onto the ground surtace with a hose. Th~ product 

cannot be stored fer prolonged periods at_ temperatures below 20 For above 

120 F, because the emulsion will break and the mat~rial cannot be reemulei­

fiea , Al.so, it has been determined that soils containing high percentages 

of iron oxide are not responsive to treatment with P!-oduct B. Generally, 

such soils can be identified by their. red or brownish-red color. 

Concrete curing .coJII1)ounds 

4o. For treatment of silts and highly plastic cl~s where penetra­

tion cannot be readily accomplished, resin systems which will provide a thin 

plastic coating on the soil surface can be used. Such compounds are used 

to seal the surface of freshly laid concrete during the curing phase • .AJ.-
' though resinous concrete curing compounds are probably available from many 

commercial sources, tests have been performed on only one proprietary can­

pound, Product C, to date. This specific resin is a paraffin base materi&l 

which dries to a thin, moderately flexible film in 4 hr under good drying 

conditions. Because of the thinness of the film, treatment with this pro­

duct is only moderately effective under traffic and should be restricted 

17 



to traffic areas where no 1 utting will occur. 
' 

41. A disadvantage of Product C, or equi'valent concrete curing 

compounds, is its high cost ($0.60 to $0.90 per gal}. This is partly off­

set by the low application rate required ( 0 .1 to 0. 2 gal per sq yd} and 

the favorable logistics aspect of the smail quantity requirement. Standard 

asphalt pressure distributors can be used to place the resin, but the con­

ventional spray nozzles should be replaced with ~er-opening spray noz­

zles to achieve a unH'orm distribution at a low application rate. Also, 

special care must be taken to clean out the distributor after use to pre­

vent tne resin from setting up in the equipment. This can be done by 

flushing the equipment with gasoline, naptha, kerosene, diesel fuel, 

mineral spirits, or other general solvents. 

GroUJ) IV, Salts 

42. Salts, particul arly sodium chloride and calcium chloride, have 

been used with varying degrees of success as soil treatment materials. 

Calcium chloride is delique~cent and, if the "·elative humidity is about 

3 0 percent or greater, will absorb moisture from the air. A calcium 

chloride-treated soil will also retain more moisture than the untreated soil 

under comparable drying conditions. Its :primary function is dust pallia­

tion, and its use generally is limited to lightly traveled roads and pos­

sibly nontraffic areas of airfields. Sodium chloride achieves some dust 

control by virtue of retaining moisture and also by some cementing by 

salt crystallization. Both calcium chloride and r.odium chloride are 

noluble in water and are readily leached from the soil surface; thus, fre­

quent applications are usually required. Salts in the form of a concen­

trated solution or brine may also be applied by the surface penetration 

method. Frequent applications of a salt sol.ution can ultimately build 

up a thin, cruoted surface which will be fairly hard and free of dust. 

Salt applied as a solution is susceptible to leaching by rainfall. Salts 

arc highly corrosive to metal and should never be used where they may re­

cult in damage to aircraft. 
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Grout> VI M:lsce·J larieoua Materials 

Water '. 

As a very temporary measure for allaying dust, ·: a soil surface 

can be spr1nkled with water. As long as the ground: surface remad ns moisu. , 

or damp, dust can be controlled to a slight degree with water.. BepeDiing 

on the soil and climate, freq~nt treatment ~ be required. Excessive. 

quantities of water should not be applied to cl£:¥ soil surfaces, since a · 

nruddy or slippery surface ~ result when the soil is wet and a more severe 

dust condition after it dries. 

Various oils 

44. Waste oil, bunker oil, crude oil, or other types of · oilS' which 

~ be available can be used as temporary dust palliatives. Oils are 

mostly applicable for use on lightly traveled roads and nontraffic areas 

of airfields. Periodic treatment or multiple applications by sprf1¥11Jg JD8l' 
be necessary. After several treatments, a packed, oily soil crust is 

usually developed which has good resistence to abrasion by'' tr~ic ~ , 1, 

which is moderately !"esiatant to water. Good penetration. by the oil can 

be expected in the more permeable soils. Cla,ey soils or tightly lmit 

surfaces may resist penetration, in which_ ('.&se it JD8l' be • 'desirable to , 

lighf.;ly scarify the surface, apply 0.25 to 0.5 gal of oil per sq yd, and 

lightly Ctamp&Ct the surface. 

Turf 

45. Although not included in table 1, turfs or grasses are extremely 

effective in preventing dust formation. Time 'will generally riot permit 

the growing of turf at most airfield complexes, but every advantage of 

existing ground vegetation should be taken in pJanning an airfield." Un­

necessary stripping of natural grasses during construction should be 

avoided wherever possible. 
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PART V: · APPLICATION CRITERIA 
. . , . ~ ~ -· ·~ . . 

46. Information has been presented in Part IV which will assist the 

engin~er in selecting a material and in establishing a suitable application 

rate for a particular :function. For purposes of planning, estimating total 

material and effort requirements, and utilizing the, selected soil treatment 

material in the field, the engineer is required to (a) d~fine the dimen­

sional bolllld.aries (i.e. area) of an airfield or road to be treated, (b) de­

termine an appropriate depth for an admix treatment if selec·t;ed, and 

(e) establish the adequacy of soil strength where a soil surface treatment 

in traffic areas is contemplated. Tentative criteria have been developed 

to resolve item (a), but only general guidance can be offered at present 

to assist in resolving items (b) and (c). 

Airfields 

Dimensional boundaries 

47. Traffic areas. The traffic areas or main elements of an air­

field include the~, parallel and lateral taxiw~s, overruns, and 

parking aprons. It is assumed that the basic design of the airfield, which 

will vary with the planned operational function and characteristics of the 

using aircraft, will be known. Application of a soil treatment ?118.terial 

in traffic areas will therefore be required over the entire design area of 

the main elements. 

48. Nontra:t'fic areas. Nontraffic areas of airfields are those areas, 

adjacent to main elements, which do not normally carry traffic. The pri­

mary purpose of treating the nontraff'ic areas is to control dust. The 

degree to which dust is controlled in the nontraffic areas depends on the 

distance to which the treatment extends beyond the edges of the traffic 

areas. This distance or width varies with the type of aircraft involved, 

and also depends on the particular areas of the airfield to be treated. 

In table 3, recODD11ended widths for dust control treated areas adjacent to 

various traffic areas of an airfield are given for different using air­

craft. Widths are prescribed for two levels of dust control, maximum ef­

fort control and minimum effort control. Treatment to the widths listed 
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under "maximum effort control" .will result in _vi~~ complete dust. al-. 

leviation under the severest dust-generating condition, which occurs when 

the aircraft wanders to the edge of' the traffic area. Such a condition 

should occur only infrequently on the ru?1W8¥, and normally not at all on 

the taxiway. Treatment to the widths listed under "minimum effort control" 

will result in a significant alleviation of dust during the majority of 

operations, but will not necessarily prov1.de complete control. Wid~hs 

of treatment less than those indicated f'or minimum effort control should 

not be considered. Any width between the extremes indicated in table 3 
can be selected, depending on the extent to which dust control is d.esired, 

or as dictated by material and construction effort limitations. For any 

selected width and with knowledge of the basic design dimensions of the 

main elements of an airfield, the gross areas to be treated can be readily 

determined. 

Admix treatment depth 

49. Treatment depth requirements apply exclusively to the 

method of application. A minimum treatment depth of 3 in. is recomnend~ 

· for any admixture application. This depth of treatment general.ly rill be 
I 

adequate for all nontrattic areas; however, depths from 3 to 6 in. should 

be considered for traffic areas, depending on the ability of the surface 

soil to resist rutting. This resistance is a function of soil strength, 

which is discussed in ·the following paragraph. 

Soil strength 

50. A major. factor influencing the suitability of either a surface 

penetration or an admixture treatment is the bearing capacity of the exist­

ing or prepared ground surface, particularly in traffic areas. Specific 

strength criteria for predicting the performance of soil t~atment mate-
" rials for different levels_9f usage by vi\l"ious aircrat't are not presently 

available. As a general rule, the effectiveness of' a surface penetration 

treatment will be destroyed rapidly when surface rutting exceeds 1-1/2 in. 

to 2 in. Similarly, an admixture treatment loses its effectiveness when 

the depth of rutting approaches the depth of' the treated layer. In the 

absence of specific strength criteria, considerable judgment must be 

exercised by the field elJgineer. As a very rough guide, rutting will be 

within tolerable limits if the soil strength is two to three times greater 
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than the minimum strength required for operations on unsurfaced soils. 

Roads 

Dimensional boundaries 

51. In applying a dust palliative or a soil waterproofer to a road, 

treatment will be accomplished over the full width of the roadway proper. 

!formally, this will be 8 to 10 rt per traffic lane . Treatment of the 

:::hcul.dcrs will generally not be required, although this will be at the 

discretion of the engineer. When the length of the road network is known 

and an approximate width of treatment has been selected, the total area 

involved can be determined readily. 

11reatment depth 

52. 1rhe provisions of paragraph 49 are also applicable to treatment 

depth requirements for roads. A minimum depth of 3 in. is required for 

admixture treatment, and depths up to 6 in. should be considered if rutting 

is anticipated. 

Soil strength 

53. The soil strength required for a road is dictated by the type 

and volume of vehicles which will use the facility. Generally, unsurfaced 

roads for prolonged use will be initially constructed to sustain vehicle 

operations without deep rutting. An existing or constructed road with a 

soil strength of 15 to 20 CBR normally will satisfactorily sustain traffic 

of heavy vehicles and can be effectively treated ,, 
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Cutlleck aspba].ts (( all 
gnad.es} 

Road tars 

EmuJlsitied aspbalts 

SOU!'ee 

Most petraleum :firms, 
!t'efiner!.es, 1and sane 
lL£>e·a.l out:lets 

Tar refi.Deries and 
local outlets 

PetrCi>l.eum firms 

LocaJL availability 

Local ava.ilablli ty 

~ wood process1.ng 
pbmts 

Proprietary p~oduct 

Lc>cal availability 

., 

!JEodM-½e &ttt 

$0.15 per gal 

$0.20 per gal 

$0 .. 1, per gal 

,$0.20 per gal 

,$0 .. 0.1 t.o :o .. 02 per 1b 

$0 .. OJ. or less per l.b 

< ,$0.05 per lb 

to .. ·)6 per gal 

--60 tCi> 0 .. 9(1) per gal 

< $0.01 per lJ:> 

< .$0. 01. per .JD:, 

• furclla8e prJice imieated f-or liquids ls ge~ tior 55-gall.-drum Jl:ots 
atller ·a.n bullk patl t.tes.. lln the case of solids., the prices :ee :rm-
1rt11 r I 1jmtlttes 'of UJ0 D> m- leas.. P.rlces lb> Dl»t inehtae sblpplag 
coata .. 
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I 

Table ,3 

I 

AiiilDWil Ellort ~bnirot 
Runway 'lixlvay 

Using Shouldertf' Shoulder 
Aircraft ft ft 

,, 

C-133 80 4o 40 20 I 

C-141 75 40 4o 20. 

c-124 10 35 35 20 , I 
1, 

C-130 60 30 30 16 . 

C-135 55 30 30 15 

C-123 50 25 25 15 

cv .. 2 40 20 20 15 ' 

CV-7 4o 20 20 15 
I ' 

OV-1 20 20 15 15 

0-1 20 20 15 I l.~ . 
I I 

F-4c 20 20 15 15 
I 

F-101 20 20 15 l5, 

F-102 20 20 15 15 

F-104 20 20 15 15 

F-105 20 20 15 15 

~ M' j 
4 ' 11 I' ;. I' ' 

* Widths ~ic~tecl :r~r 1 ~ sh0\ll4~ta· ~e '1apJ11cabl,e alaC:> to ueas ' 
adJe.cent . tp Q~•~m•· and parking apr~ps·. : · 

', ,,, 
:I 
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